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ABSTRACT

Grasses and forbs in Southern Africa have been understudied in terms of specics richness and
factors that affect diversity patterns. To gain a better understanding of factors affecting patierns
of herbaceous plant species seedbank around water points. six borcholes (three in each land
zone) were randomly selected for sampling. Top soil layers of 20 cm depth were sampled from
six boreholes at distances of 50,100, 200, 400, $00, 1500 and 3000 m (the Piosphere approach)
in fenced and unfenced plots to determine the density and composition of the seedbank. The
samples were allowed Lo germinate in growth trays (10 x 13 x & em’) under controlled conditions
(temperature, moisture) in a green house followed by daily counting of seedlings. Herbaceous
plant species diversity was analyzed by using Simpson’s Diversity Index. Analysis of variance
on herbaceous species diversity was determined using the SAS software. Herbaceous plant
community clustering was determined by using TWINSPAN, a FORTRAN programme.
Significant (p = (L0001) germination variations were observed along the distance from livestock
watering points. Most prass seedlings recorded germinated from soil samples obtaimed from
fenced plots, while less than 40% of the forb seedlings were. Most of the forbs species were
recorded within 400 m from the water points and that soils closer to water points also contain
grags seeds despite the level of degradation and/or wampling,
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INTRODUCTION cover around water points since livestock
The ceologically sensitive semi-arid areas droppings usually contain seeds of plants
of southern Africa are increasingly subjected ingested elsewhere. Instead, invader species
lo severe grazing pressures which cause such as non-palaiable forbs grow around
their rapid degradation (O°Connor 1995). boreholes. The question is, what happens to
The establishment of a species following the rest of the seeds in the seedbank
disturbance depends on the presence of a particularly along prazing gradients close to
soil seedbank, pemsistence of vegetative watcr points?
structures  or  propagule  immigration [n the Sahel, livestock grazing is often
{(Snyman. 1997). Most studies link changes regarded as one of the main causes of
in herbaceous specics patterns to livestock vegetation and soil degradation around
grazing and trampling around water points borcholes (Lusigi and Glaser, 1984). Studies
(Noy-Meir & Walker, 1986) because by Hiemaux and Turner (1996) show that
livestock densities are usually highest near mereased grazing pressure may lmit the
water sources. This is likely 1o be so because following  year’s production  of  annual
that 13 where cattle must retum to water rangelands through the depletion of seed
every one to three days. In principle, one stock. Dekker (1997) indicated that opening
would expect a diverse type of vegetation of habitat by tight grazing allows annuals
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with high seed production to thrive and
produce a lot of seed. In Kgatleng District,
tor example, bare soils. sporadic forb cover
and lack of grass cover are increasingly
becoming common within 400 m from
borcholes (Meoleele, 9993, The increasc n
bare soil, invader species around water
sources (boreholes) in communal grazing
arcas of Botswana is likely to have a
negative impact on the seedbank of
herbaceous forage plants. Firstly, the
reduction in palatable herbaceous plants
around boreholes due to increased grazing
intensity is likely to weaken (over a long
period of time) the process of scedbank
replenishiment, and in turn a steady increase
of invader species seedbank (e.g forbs) is
likely to build up. Secondly, reduction of
seeds in the seed bank (due to trampling) is
likely to be worse in the sandveld seils (due
to loose granules) compared to the hardveld
(Buckley ef al., 1987a).

Viable s0il seedbanks contain information
about vegetation dynamics that may not be
evident in the standing vegetation irself, Soil
seed-banks composition can provide insights
into plant communities, which previously
occupied a site and the changes in species
composition  that are occurming. Thus
knowledee of seedbank status around water
points s an essential  element  for
management, conservation and rchabi litation
of degraded rangelands (Hopkins er al.,
1990}, The aim of this study was therefore
to investigate whether observed herbaceous
plant patterns along grazing gradients (in the
sandveld and hardveld land zones) were
determined by seedbank status,

MATERIALS AND METHODS
Experimental design

The study involved six boreholes (three in
the hardveld and another threc in the
sandveld with 14 [half of which were
fenced and the other half unfenced) plots of
[0m % |15m at distances 50, 100, 200, 400,
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800, 1500 and 3000 m from each borehole.
These intervals were located a straight line
transect and marked the different grazing
gradients along each of the three kilometer
transects. Each transect was limited to a 3
km distance to avoid overlap between two or
morz  boreholes  (Moleele, 1994), The
recommended distance between borcholes in
Botswana is 8 km (Ministry of Agriculture,
Paper, 19581). It is assumed that changes in
vegetation and soil cover alone grazimg
gradients are only due to livestock impacts
(Bastin ¢r af.. 1993). The study sites were
utilized by a sizable number of cattle
assumed to have an impact on vegetation,
soil and plant nutrient status hence their
selection. Number of cattle and borcholes in
the study areas are given in Table |,

Iable |. Number of caitle and borcholes in the study
areas

Borchole Name Caitle [ute
Mumbers  esiablished
Sandveld  Suapan 260 L sl
study Mandlele 342 1974
aites Boikinyans | 20 15957
TOTAL 721
Mhtshwatshwanye 702 19R7
Mamotsatsing e 1970
Hardveld Macks 424 1 935
study TOTAL 1974
sites

Key: Callle numbers = average catile numbers from
1970 — 2001 . Source: Depariment of Animal Heslth
and Production camtle vaccimation records, Ministry o
Agricutuse.

Field sampling

Soil samples were collected afier 12
months of fencing from the six boreholes
with 2 soil samples per 2 sampling points in
each of the fenced and unfenced plots. The
samples were extracted from a depth of 20
cm comparable 1o the rooting zone of
arasses, nsually 0 - 20 em (Carter, 1993) and
composited before teken to the greenhouse
for laboratory analysis.



Pre-lab analvsis

Compaosited soil samples from cach of the
plois were thoroughly mixed with sierile
river sand at the ratio 250 em’; 675 em’ of
soil and sterile sand respectively, replicated
4 times before packaging them in growth
trays (10 x 13 1 8 cm' ) and subjecting them
to daily watering (about 300mm) for sixty
days. The river sand used as a media for
growth was sterilized at 70 "C using an
electric soil sterilizer for two hours. This
wias  done o discourage  unwanted
herbaceous plant growths from the sand
The green house temperature was set at 25
*C and 17 *C being the maximum and
minimum  temperatures  (optimum  plant
growth temperatures) respectively.

L.ab analysis

Seedbank analysis was done by counting
and recording seedlings of grasses and forbs,
The analyses was done daily from cach of
the growth trays from day one to day 60
[dentification of herbaceous species was
determined when seedlings were mature
enough (about 45 days) to be identified or
keved out hy wusing reference manuals,
consultations  with  National Herbarium
experts and personal experience.

Drata analysis

Herbaceous plant species diversity was
determined by using Simpson's Diversity
Index (Bergon er af. 1986). Analysis of
variagnee on  herbaceous species  diversity
was determined using the 5A5 software
{Fisher, 1921). A pair-wise comparison of
means was done to test differences among
distances from the borcholes  within
trealments [ fenced and unfenced).
Herbaceous plant community clustering was

57

determined by using TWINSPAN., a
FORTRAN programme (ter Braak. [989;
Hill, 1979).

RESULTS AND DISCUSSION
Herbaceous species germination patterns

Significant germination vanations (p = <
0.0001) were observed alomg the grazing
gradients (Tables 1 and 2). Most grass
seedlings recorded germinated from soil
samples obtained from fenced plots. For
example, out of the eight prass species
recorded from the sandveld smil samples,
five { Elewsine coracana, Eragrostis rigidior,
Urochloa trichopus, Aristida congesta and
Setaria  verticilata) had most seedlings
germinating from soils obtained from fenced
plots (Figure la and Figure 1b) while a
similar pattern  was  displayed by the
hardveld species where seven out of ten
grass species germinated from fenced plots.
Other studics blame the species changes as
caused by both rainfall and prazing pressure
{e.g. McNMNaughton & Chapin 1985; Jaramilo
and Detling 1988; Milchunas & Lauenroth
1993: Hiernaux and Turner 1994), It is clear
from the results therefore that given some
protection, herbaceons plants can produce to
their maximum. The fact that fewer grass
seedlings germinated from unfenced plots
gives a better picture for future rangeland
improvements, It is true that seedbanks are
neglected in the land conservation and
management, but only because they are
difficult to see, If an effort 10 measure them
can be made, then it might be clear as to
how management  actions  would
affect the quality and condition of the
seedbank.
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Table | Mean yrass seedlings along prazing pradients fiom the sandveld soil sanples

Euca L Ergu Seve
~ Fenced  Unmienced  Fenced Unfenced  Fenced Unfenced Fenced Unferwe
Duncan Gronping Duncem [hancn Durean Thanean ancan Duncan Gruping Duness
Ciriuping Groupmg  Giroupng Grouping  arouping Liroupin
st {m) N Mean Mean Bean Mean Flcan Miean Meaa Mlan
1] a F1ta 1.0%a 0.97a 075 2.l4a 135 LT3 1.68a
L] Jo .50 N 21Eh 1.5%4a 0.3k L.3nh 1.75h (R 1.6k
200 n LRI (T HEETS 0.72a 0.2Ech [L.28e 0, 2ée L1k} 0 Mg
401 i li] LREL T LN [NEE R 0,15 (L1 .o {LIKe [INCI
H00 36 LR (LI 1,000 Q.00 {1k 1.0l 000 (0l
1564} 36 (e ke 0.0 000d (LI L 0.00e IR
300 o o0oe 000 000k 041l 000 1K 0,00 A
Emi Scka Aree Tragus
Feneed Unfenced Fenced Unfenced | Fenced Unfengad  Femeed | Unfenced
Duncon Dumcan Drancan Grouping Duncemy TDhgnean Inmean ncan
Cinoupimg, CirmgHng Crvping Gitouping Grouping  Lirouping
Ivist () N Mean Meam Mlean Mexm Mean Mizan Menn Mean
B 3 1478 Lola 1.58a 1.75a 2.30a 1.Efa 1. 22n 1.0%7a
1 5061 3h 344 Td0a LI Th [ B 1.9k E.T5a 28k 0560
] 36 275h 2400bi 01.53¢ 1.0 1. 75k I 67a 1 ke 0.530
4H M 1. 849 | .6 01.25d 000 | 67k 125k 1 W .00
20 36 1.53e (hEde] LIRS 000G [ 3dc L LML 1S ik
1K1 35 1.47¢ Beod {1k 000 25 (.0 0.0 [
A0 k1 0,784 2%e [RRLT i 25 (RIS 0.0 (k. 0h:

Key: Euen = lasaing paracama; Urtr = Lroohias tichopus; Erge = Eregrostiv genaniftug, Seve = Setarie vorticifing: Em = Eragross rigif
Sk = Scilimeidtic faleheressis Arco = dristicks comgesta: Tragus = Tragns berseniorns. A, b, ¢ and d e Dincan Greuping's Mulriple Har
test ar pairwis companaon of the means from Siafistical Anahesi= Sysicm (545, 1999). Menrs with the same lettor within 8 column ame
sl fEcamily diferent

Table 2. Distribution of grass species along grazing gradients from hardveld soil samples
Luca

B Ergu Seve
Fenced Unfemeed Feibced Linfenced Fenced Unfenced Fencal Lirfenesd
s (b ] Me=an Mesm Tulesan Mean Mean Mean Mean Meleam
il 6 1. . a7 I .46 1350 253 214 1.19a 1.3%9%
101 36 1.2 023 1.75n 1.22a 1940 1 %da aTh L9 Th
200 36 i FRLY 1604 1 1da 0497 LK 25 0L
4r L] i e {197k | TWa 0,284 0.5 Oud LRI
i) 3h AL e {I.78h 053 (UG | 00 (it 110
1 500 36 0.00c .00 .25 0,00 000k 0.0 [ IS
iy 30 (LKl 0 0.0 R .0kl i [kl 1.0
Clvi Pamm
Fenved Unfenced Fenced Unfenied
st {mj ™ Mlan Wleun Mizn Wl
0 3h 1.53 0 5% 2. | 5ha
106 0 097h 150k L.33b | 03k
200 % 0.5 6o 0. 44ha L.25h | 03ha
et 35 0335 0.25 1170 [ 1]
A in LI 0,00 0.7 LI ] e
| Z0H in LARLIT | 0, 1K Rl 5 ke
el 3 O 0d 000 (.78 023
Spio Tragusy Emi Arn
Fenced Unfenced Fencad Unfenced Fencad U benced Feneed Unfenced
Dist {m} M Maan flenn Mlzan Moan Mean Mean WMean Mean
bl 1] 36T Jl4a 1.8la 1.3la X T 3.5m 2 fida 24T
1501 S 1] 3.1 4ha 2.3 1.722 1.47h 333 2.T4h 1.53a 2.2%bha
A ih 2| he 219 I.ata 1.1 ek 131a 1.67: =0k 1.97k
A 1k 2 2.17b .30 .%%ch 238k 078 0,54 0,809
200 17 LI%W 1.58c 1. 3iha 1.52¢ (Wl LIME | 067 47
1) ] 103 103 | Mk il Bhe 1.4T¢ shd 1,50 0.38d
AN £ 100k 1. Had 11 %he 01.0d b h9d DA0g A7 0,194
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Kev: Euco = Efenwine coracing; Unr = Urockloa reichopns; Ergn = Evagrosns gummifec, Seve = Serorio
versicileie; B = Erapeasels eigidior; Spio = Sporaheduy ioclados; Pama = Pamicam marimues Tragus = Trogas
Feteroniuing, Arco = Avistida congesia; Chvi = Chiaris virpara. Means with the same letter within o column are not
significantly different.

four of the ten grass species c.g. 8. foclados,

Four of the eight sandveld (e £ T beterontunus, E. rigidior and 4. congesia)
rigidior; A. congesta, 5. kalaharensis and U, showed o similar trend (Table 2). Most of
frichopns)  grasses increased  significantly the grass species that decreased  with
with distance from water points (Table 1) digtance were annuals (e.g E. corgoana, 5
while in the hardveld less than 30 % (i.e. veriicilaia and £. gumniflua
il
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Figure la. Germination pattern of grass scedlings along prazing gradient in the sandveld

Key: Eucofen = Efeuvine corgeana in fenced plow; Sckafen = Sehimdiia kalaharenyiy in fenced
plots: Errifen = Eragrostis rigidior in fenced plots: Areofen = Aristida congesta in fenced plots:
Urnirfen = Urnching irichopus in fenced plots; Ergufen = Eragrostis gummiflea in fenced plois,
Trrafen = Tragus racemosys in fenced plots; Sevefen = Seiaria veriicilara in fenced plots,
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Figure | b. Germination pattem of grass seedlings along grazing gradient in the sandveld study

siles,

Key: Eucounfen = Elewsine coracana in unfenced plots; Sckaunfen = Schimdtia kalaharensis in
unfenced plot: Erriunfen = Eragrostis rigidior in unfenced plots: Arcounfon = Aristida congesia
in unfenced plots; Urtrunfen = Uroelfoa trichopus in unfenced plows; Erguunfen = Eragrostis
gummiflua in unfenced plots; Trraunfen = Tragus racemosus in unfenced plots; Seveunfen =

Seigria verticilata in unfenced plots.

Mine of the twelve forbs species from the
sandveld soils samples had most of their
scedlings recorded from  unfenced  plots
while in the hardveld, a similar pattern was
shown where sixteen out of the twenty-two
forbs  germinated  from  soil  samples
collected from unfenced plots (Figures 2 and
3). These results suggest that morc grass
scedlings were found in fenced plots along
the grazing pradients compared to forbs.
Most grass secdlings were recorded from
soil samples collected beyvond 400 m from
the water points while forbs were hetween
fifty and 400 m. Except for annuals, results
show that grass species increased with
increasing distance from the boreholes while
the torbs did not. The picture emerging from

these Ttesults is that grazing influences
competitive patterns in the sandwveld and
hardveld areas. Either preferentially grazed
species lose competitive ability compared 1o
less grazed oncs and subsequently decrease
in abundance (Walker and Hodgkinzon,
1995} or palatable but grazing-toletant
species remain dominant in preferentially
prazed patches. The first effect is common
in arcas umder heavy grazing while the latter
is recorded mainly from  areas  under
moderate grazing (Skarpe, 1991). Perhaps
the study must be carried out for much
longer if one is to determine how seedling
recruitment into gaps, created for example
by degradation, may influence vegetation
change.
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Figure 2. Forbs secdling species in fenced and untenced plots from the sandveld soil somples

Key: Comm = Covmneling henghalensiz; Moea = Modiola carolimana;, Pseu = Peerdogedhalinm fuieo-albam; Fimb
Fimbrisylis hispidnia; Chpr = Chamaesyee protsrata; Hibivenss trionwm: Chea = Chemopoivm carinamm;, Pool
Povrnlarg oleroceoe; Hergy = Helfchrysiomn aevgyracphoernm; Amth = dmaramens Sronbergii; Dafe < Do

fereex; Trie = Trifndos terrestris.
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Figure 3. Forbs seedling species from fenced and unfenced soil samples From the hardveld.

Key: Chea = Chemopedinm coarinairim Pool = Parpdaca olevaceas; Hergy = Helichryom aergumosphaermom; Amth
= dmewamibus thunhergii, Moca = Madioda caroliniang Siea = Sido cordifolia; Teee = reibalos werisoris: Dafe
Deivre ferex, Comm = Commeling benghatensis; Psen = Prewdngplphalion futev=affum; Eval = Evodviedus
alsingides; Chpr = Chavraesvee profstvaia; Fimb = Fimbeisilis bispidele; Anme = drgemone mericana, Schk
=Schkulnia pigata; Hype = Hypertelis bowkeriona; Leuc = Lucas martiiensis, Fovu = Foemiculm velgare; Xast =
Xemshium stromarinn, Kosu = Kowhariio sufverticifats, Oxal = Oxyganem afaman;, Inda = Sedigofiera dedeodoes;
Digt. = Distance (m) from waler points
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Classification of major herbaceous
community clusters
Six  and eight major  herbaceous

community clusters have been identified
from the sandveld and hardveld soil
samples, respectively (Figures 4 and 5), In
the sandveld, three of the community
clusters were dominated by grass spccics
while in the hardveld only two were
Community clusters dominated by forbs in
both study sitcs were mostly from soils
collected nearer the boreholes while those
dominated by grasses were from soils
collected nearer and away. For example, m
the sandveld, Commuminy cluster] was
characterized by a high concentration of A.
congesta as the major mdicator specics from

a total of 14 samples. Community eluster 2
comprised of sites with indicator species
dominated by prasses such as E. gumimiffua
and £ coracara. Community cluster 3 was
characterized by 15 sites with no dominant
indicator species shown while commmin
cltster 4 comprised of sites dominated by
indicator grass species such as £ rigidior
and 4. congesta, Community cluster 5 was
characterized by a high concentration of forb
species such as Chamaesyee inaequilatera,
Amaranthus tumbergii, Povtulaca oleracea
and Modiola careliniama while community
cluster & comprised of sites with indicator
species  dominated by the forb M
caroliniana from § sites,
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Figure 4. Dendrogram showing TWINSPAN classfication of major herbaceous plants community clusters from the sandveld
study sites soil samples. Mositive and negative signs indicated a particular dichowmny preferred by sites and species while

indicator species dominant in each cluster 12 chowen. N = number of samples i each community; T

mnfenced plots. L1, L2 and L3 = community cluster levels (L1 Being the highest while L3 the least closter level).
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In the hardveld, Communiny clusrer 1 was
characterized by sites with no indicator
specics displaved while Community cluster
2 comprised of sites with indicator species
dominated by E. coracama grass species.
Community cluster 3 composed of sites with

species shown while comumuniny clusrer 3
comprised of 9 sites with Side codefolia as
the dommant indicator forb species.
Community clusters 6 and 7 (with 10 and 14
sites each respectively) showed no dominant
indicator species while community cluster 8,

indicator  species  dominated by E which is the smallest, comprised of 6 sites
gunmmiflua, Community cluster 4 comprised with Kohausiia  subverficilara  as  the
of 13 sites with no dominant indicator dominant indicator  forbs  species.
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N= 42 N =39
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404142 MWTLT2TI4TEIETT IR TIEOE] &2
Arisiiada congesic, Frageosis migidior, Sporafbalos A3 R4
Fokeredons, Panic i Braxintats
i
= - + l J_
l x Ne=1u |
5 N=11 e £ N=20
Level K =11 24 o A3 45 47 4% 51 53-55 57 59 =
L] 1357911 1315171921 | | Tomoaness | | G1€3656971737577 79 o
1620 22 24 26 G062 63 64 70 B0 82
2325172931 333537 39 38 3045 34 36 83 ik
A1, Eragrosts rigichor | R Sidr cordifalia; Helichrymm .
Snorobelus iocados g ergresphacrimn; Chenopodium
Arinfiela comgesta :lrinal'u_m: Hyprerrellis
= l + i v +
J"' L
N=15 Ne=# N=8 MN=13
5791113 1315 241618 203032 GEIDI2 142124
191123528 17 29 31 4 26 2% 36 34 40 42
27333537 Elewsme Euagwﬁ'.s guu-.ﬁuq-
CEECan
Communiry | i 4 Commumity 4 =
Comnunity 2 Commmity 3 ¢ - ;
N=9 — =10 N=l4 M=
40 51 53 5561 63 43 45 4T 57 89 44 46 4% 50 42 54 6 70 75 80
69 7083 6571717577 55 58 p 62 Eohautia
iz codeforiia 66 T2 1476 sutnverticiloia
Community 5 Communiry & Cormmurty 7 Commumty §

Figure 5. Dendrogram chowing TWINSPAN classification of major herbaseons plants commweuty clusters from the
ardveld poil samples. Positive and negative signs indicated a particular dchotomy preferred by sites and species while
indicator species dominant in ¢och chster is shown, ™ = number of samples in cach community: = fencad plots; uf =
umfenced plots. L1, L2 and L4 = commumity chuster kevels (L1 being the highest while L4 the least duster leval)
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These results show that the majority of the
grass seedlings recorded were from soils
collected in fenced plots, most of the forbs
species were from unfenced plots and closer
(within 400 m) to boreholes. Some of the
grasses (e.g. £ gummiffva: £, coracaria, 5.
verticitaia, . rigidior and A. congesia)
germinated not only from soils closer to
watcr-points or borcholes but also along all
graring gradients as evidenced from the
herbaceous community clusters,

The results show that the hardveld study
more  herbaceous  commumity
clusters than the sandveld. This is likely to
be so because the hardveld 1s known to have
better soils and higher rainfall compared to
the sandveld [(De Wit and Bekker, 1990),
Community clusters domunated by forbs and
grasses are a clear indication of how grazing
pressure  influences  herbaceous  plant
pattens along grazing gradients. For
example, germination of both grass and forb
species closer o boreholes is evident enough
that even soils closer to boreholes comlain
geeds. In another study (Nsinamwa er al
2005} germination patterns have shown that
arcas around borcholes (in the wet scasons)
are dominated by forbs and that grass
species only increased with distance from
water pomnts. The results from the
greenhouse experiment have shown that
there are grass plant seeds even in soils
closer to water points despite the fact that
these areas are almost always dominated by
forbs.

sites  had

CONCLUSION

On the basis of our findings we therehy
conclude thai grazing pressure along grazing
gradients is the major factor that influences
herbaceous plant specics patterns  along
graring gradients. Soils around boreholes or
water points (high grazing pressure zones

i

and/or high-nutrient zones) zlso contain
herbaceous plant seeds (particularly grasses)
although of low diversity. Forbs constitute
mosi of the herbaceous plants composition,
but have largely been ignored in favour of
the dominant grassecs that arc considered
important for livestock production. The
forbs are likely to widen the bare patches or
the arcas they temporarily  occupy
particularly around water points (highly
degraded areas) and in the process, there is a
high possibility that valuable grass species
are displaced completely and in the long run
desertification may set in.  The lower
herbaceous species diversity associated with
the sandveld may imply that it is somewhat
a fragile ecosystem compared to the
hardveld although herbaceous plant diversity
i8 just but one of the parameters that can be
used to assess diversity.

These results imply that excluding or
deferring grazing of communal rangelands
as signified in this study by the fenced plots
as well as reducing stocking density  as
represented here by those plots located in

the gradients farthest away from the
boreholes, encourage accumulation and
possibly  germination of perennial grass

seeds such as E. rigidior: §. iocladoes and P,
arceximmnr at the detriment of annual HTASSCS
and forbs, Higher stocking densities as
represented by areas close to the boreholes
and absence of deferrement as shown in the
unfenced plots encourage presence of the
forbs to the disadvantage of perenmal
grasses.

These results should provide some insights
on the general planning and management of
communal grazing areas and that fencing as
a tool can help restore some of the highly
degraded arcas cspecially that grazing would
be controlled and the seedbank given a
chance to express tully its composition.
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