Bois. JoAgric. Appl. Sci. Vol 5 No, 1 2008

Effects of soil type on the emergence, flowering, nutrient uptake and yield
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ABSTRACT

On-station experiments were conducted at the Regional Agricultural Research Station-Impala
in Francistown, Botswana, during 2003/04, 2004/05 and 2005/06 scasons to determine the
cffects of sandy loam and sandy clay loam soil types on the emergence. flowering, nutrient
uptake and yicld components of two bambara groundnut (Vigna subterranea (L.) Verde)
landraces. The two soil types were about 50 m apart within the same field. Within cach soil
type, two landraces were cach planted in four 3.75m by 5 m replicate plots at 73cm inter-
rows by 20cm within rows and the experimental design was a randomized complete block.
Planting bambara groundnut in sandy loam soil (SL) resulted in significantly carlier and
higher percentage of seedling emergence and flowering, plant stand afier emergence, total
dry matter, pod number per plant, unshelled pod dry weight, grain yield, crop residue and
soil nutricnt uptake than in sandy clay loam soil (SCL). 1t is concluded that sandy loam soil
is a more suitable soil for bambara groundnut production than sandy clay loam soil but might
require greater management on soil nutrients as the soil is depleted of soil nutrients more
than the sandy clay loam. Also, more studies are needed to establish the causal factors in the
two soil types which bring about the different responses in bambara groundnut.
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INTRODUCTION attributed to various factors such as use of

Bambara groundnut (Vigna subterranea landraces, cropping  systems,  harsh
(L.) Verde) also called Jugobean in climatic conditions, management practices
Botswana is one of the tropical legumes and soil types under which the crop is
considered to be drought tolerant (Babiker, cultivated. Although the crop is known to
1989; Collinson ef al., 1997). 1t is adapted be adapted to a wide range of soils, it is
to a wide range of soils and thrives well in important to quantify the level of
high temperature conditions where other production of bambara groundnut in
pulses fail (Doku, 1969). different soil types so that soils with the

In Botswana, bambara groundnut is highest potentials can be exploited.  Soil
cultivated by subsistence farmers and is physical chamcteristics determine whether
often found in mixed/intercropping a soil is poorly or well drained a
systems throughout the country. But seed phenomenon  that may influence crop
yields are quite low and yields of less than production.  Soil physical properties are
200 kg/ha are not uncommon (Karikari ef important in  determining  nutrient-
al.,1999, Karikari 2000) which arc much supplying ability of a soil as well as both
fower than most of the semi-arid tropics water and air supply for plant growth.
typical yields which are often between 650 Swancvelder (1998) reported that in South
and 850 kg/ha (Stanton et al., 1996). The Affica, the most suitable soil for bambara
low yields obtained in Botswana could be groundnut is light sandy loams with a pH
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of 5.0 1o 6.5.." Ramolemana (1999)- found
that bambara groundnut gencrally showed
a poor. response to P and N fertilization.
This implies that it heavily depends on the
available nutrients in the soil. Hence, it is
important to quantify the extent which
bambara groundnut depletes soil nutrients.
Thus a study to investigate how different
soil types would affect the performance of
bambara groundnut in terms of scedling
emergence, plant  flowering,  yield
parameters and how the crop depletes soil
nutrients would help improve the
productivity of the crop. The objective of
this study was to determine the effects of
two soil types on the emergence,
flowering, nutrient uptake and  yield
components of two bambara groundnut
landraces.

MATERIALS AND METHODS

The study was conducted during the
2003/04, 2004/05 and 2005/06 cropping
seasons at the Regional Agricultural
Research Station at Impala (21° 7° S and
27° 33" E, 1120 m above sca level). The
station is located near Francistown in the
north cast of Botswana. The experiment
was conducted on sandy loam (SL) and
sandy clay loam (SCL) soils whose
physical and chemical characteristics at
the beginning of the experiment are shown
in Table 1. The two soil types were about
50 m apart within the same field. The two
bambara groundnut landraces used in this
study were mass sclected among others by
the Department of Agricultural Research.

They were originally collected from
farmers in the North East district,
Botswana. They were coded N-100

{purple testa with a white eye) and MA-
I5A (dark cream testa with V-shaped
purple colour around a white cye).

The experimental design used in each
separate  soil type was a randomized
complete block. In each soil type four

replicate plots per bambara landrace were
used.. Each plot was 5 m long and 3.75 m
wide. Seeds were sown in six rows at 75
cm inter-row spacing by 20 cm within row
spacing givi’ng a plant population of 6.7
plants per m* or 67,000 plants per hectare.

During the 2003/04, sowing was done on
10™ December, 2003 and only N-100 was
planted while in 2004/05 and 2005/06 both
landraces, were sown on the two soil types
from 14" to 15" December, 2004 and
from 12" to 14™ December, 2005
respectively.  During the 2004/05 scason,
planting was delayed in the SL soil
awaiting the water flooded in the SCL soil
to evaporate. Thus, planting was done in
the SL soil when it was dry while in SCL
soil planting was done when it was wet.

During the three scasons the SCL soil
used to get flooded whenever it rained and
submerged the crop. When it was dry, the
same soil formed hard crusts which
prevented seedling emergence.  In all
scasons, the crop was hand weeded using
hand hoe and was carthed up about two
weeks after all plants had flowered.

The data collected included scedling
emergence (%), plants  flowering  at
different periods (%), total dry matter, pod
number per plant, pod dry mass, shelling
percentage, hundred seed mass per plant,
seed yield, crop residue dry mass, plant
nutrient concentration and uptake. The
number of plants which had emerged at a
given time was expressed as percentage of
the seeds planted per plot.  The number of
plants flowering was recorded from the
time flowers were sighted for the first time
and continued on weckly basis until all
plants per plot flowered and were
expressed as a percentage of those plants
which had emerged per plot. Dry mass of
plant materials were determined by air-
drying the material in the sun until no
more weight loss was observed. Plant
materials were sent to the Department of
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Agricultural Research Soit laboratory in
Sebele. Gaborone to be analyzed for N, P,
K, Ca. Mg, Na, Cu. Fe, Mn and Zn
concentration (% or  ppm). Nutrient
uptake (ke/ha or g/ha), a product of dry
mass and nutrient concentration was also
calculated. Grain  yield and  yield
components were determined at maturity
from plants harvested from four middle
rows out of six. The number of pods per
plam was recorded from a sample of ten
plants randomly selected in a plot
Rainfall data during the growing scasons
were also recorded.

Using Statistical Analysis System, data
were subjected to analysis of variance.
Each scason data was treated separately as
complete unit since seasons were not

among the factors for the study. Also, the
dawa for individual soil types were first
analyzed separately and then combined
analyses  for  both  soil  types  were
performed in order to enable statistical
analyses to have main effects of soil type
and landrace and the interactions between
the soil type and the landrace. Whenever
the F-values for the main effects were
significant at P<0.05, the means were
separated using Duncan’s Multiple Range
Test. Correlations were also performed in
order to find the relationship between
plant flowering and percentage plant
emergence at different days afler planting
as well as relationship between total dry
matter and nutrient uptake.

Tablel: Physical and chemical characteristics of the soil at the Impala Agricultural Research Field Station - Francistown

prior 1o the pl

ing of the (irst crop during the 2003/04 Croppine season

Properties Sandy Loam Sandy Clay Loam Optimal_levels *
Physien)

Sand (%) 7224 50.24 -

Silt (%6) 14.00 17.00 -
Clay (%) 13.76 3276 -
Chemical

pH (CaCly) 4.40 5.40 > 6
P (ppm) 10.50 10.0 > 10
OC (Meg/100g) 050 0.80 > 0.2
Ca " 124 8.70 > 1.0
Mg - 0.85 3.00 > 03
K - 0.49 0.61 > 0l
Na " 0.41 0.19 < 1.0
CEC - 6.20 1449 > 25

* Optimal levels for any crop according to Sail Analysis Laboratory, Department of Agricultural Research (DAR),

Gaborone, Botswana.

Table 2: Total monthly rainfall (mm) during 2003/04; 2004/05 and 2005/06 cropping seasons at the Impala Agricultural

Research Ficld Station, Francistown.

Month Total monthly minfall (mm) per growing season
20037104 2004/05 200506
Rainfall Rainy days Rainfall Rainy days Rainfall Rainy days

October 54 2 40 1 0.0 0
November 62 4 43 3 294 s
December 41 4 245 3 9.0 9
Jnauary 75 5 109 6 109.0 6
February 4 7 6 1 227.0 14
March I8 9 12 | 91.1 9
April 30 1 46 | 12.6 1
May 0 0 0 Q 16 !
Total 494 33 501 16 S81.8 47
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RESULTS. AND DISCUSSION
Rainfall data

The highest total minfall was received
during the cropping scason of 2005/06
followed by 2004/05 and 2003/04.
However, the cropping season of 2004/03
hiad the poorest rainfall  distribution
compared to that of 2003/04 and 2005/06
{Table 2).

Effect of soil type and landrace on
bambara groundnut emergence

During 2003/04 and 2005/06 scasons,
emergence was significantly affected by
soil types (Table 3). The crop planted in
SL soil reached 75% emergence at 14
DAP while at this time in SCL soil, there
was no emergence which had occurred
during 2003/04 and only 32% emergence
had occurred during 2005/06. During
2005/06, the 75% emergence occurred at
35 DAP in SCL. In both scasons, complete
seedling emergence of about 88%
occurred at 28 DAP in SL soil while in
SCL complete emergence of 63% during
2003/04 and of 77% during 2005/06
occurred at 56 DAP and 35 DAP
respectively. Thus, there was a delay in
SCL soil of three weeks for seedlings to
reach 75% and up to four weeks for the
crop to reach complete emergence
compared to that in SL soil. During
2004/05 when planting was done dry in
SL and when wet in SCL, there was delay
in emergence of 28 DAP in SL but when
rain fell 31 DAP, the emergence at 49DAP
in SL had equalld that in SCL and at 56
DAP both soil types each achieved 60%
complete  emergence. The delay in
emergence in SL soil was due to soil
moisture and not due to the soil type.
However, the difference due 1o the soil
types probably could be attributed to the
fact that, whenever it rained during
2003/04 and 2005/06, the SCL soil used to
get flooded and this could have interfered
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with the - acration. - which .negatively
affected the germination of seeds as they
were found rotten. Some of the submerged
seedlings also wilted -and died. Also,
during the dry spells which characterized
the two scasons, the SCL soil used to form
hard crusts which prevented scedling
emergence.

During 2004/05 and 2005/06 the N-100
landrace had a higher percentage of
seedling emergence than MA-15A in both
soil types at 14 DAP up to 56 DAP
although the difference was significant
during the 2005/06 scason at 28 DAP and
35 DAP (Table 3). Thus, at complete
seedling emergence in both soil types, the
N-100 landrace had higher plant
population than MA-15A landrace. It was
noted that bambara groundnut can stay in
the soil for up to 56 DAP and still emerge
when there is adequate moisture. Thus, it
can be dry planted where ever it is
possible. There were no significant
interactions between soil type and landrace
on percentage seedling emergence during
the various cropping seasons.

Effect of soil type and landrace on
flowering

At 42 DAP during 2005/06, and at 49 and
56 DAP during both 2003/04 and 2005/06,
significantly higher percentages of plants
growing in SL soil were flowering than
those growing in SCL soil (Table 4).
During 2005/06, at 42 DAP 21% of the
plants had flowered in SL and none in
SCL while at 49 DAP 78% plants had
flowered in SL and only 22% had
flowered in SCL. Also, during 2003/04 at
56 DAP, 97% plants had flowered in SL
and only 10% in SCL. It was found that
the delay in emergence correspondingly
resulted in delayed plant flowering. This
was proved true because when emergence
was delayed in SL due to inadequate
moisture during 2004/05. the flowering
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was delayed in the same soil more than in
the SCL (Table 4).  Generally. the N-100
landrace had in both soils types higher
percentage of plants lowering than MA-
13A landrace although the difterence was
significant at 49 DAP and 56 DAP during
the 2005/06 season.  There were no
significant interactions between soil types
and landraces on percentage  flowering
during the vanous cropping  scasons,
However, during 2003/04 and 2005/06,
there were highly significant correlations
between percent plant flowering at 42DAP
10 56 DAP and percent plant emergence at
different emergence periods of 14 DAP to
35 DAP. For example, the correlations
between percent plant flowering at 49
DAP and percent plant emergence at the
following various emergence periods were

Tuble 3 : Effect of soil type and landrace on percentage

ofb

as tollows: at 14DAP (r-0.99, P=0.0001 );
alt 28DAP (=-0.92, P=0.001); at 35DAP «
r=0.88, P--0.008).  Similar correlation
trends were observed at 42 DAP and 56
DAP flowering periods during the two
seasons.  This implied that, any factors
that could enbance carlier emergence
would result in higher percentage of plant
flowering carly in the season, and this
could probably help the crop to escape
harsh weather conditions like drought later
in the scason.

tmpala Agriculiusal Research Field Station - Francistown

t tnut st diTe
¢ at

days atler plantimg (dap) at the

Soif type Scason Bamabara groundnut seedling emergence (So) at ditferent days alles planting (DAP)
14 dap 8 dap 3Sdap’ 56 dap
N- MA-  Mean N- MA-  Mean N- MA-  Mean N- MA- Mesn
100 15A soils 100 15A sails {}0] 15A suils 160 154 soils 7
2003/04¢
SL 752 . - R%a - - KRa - XRa . -
SCL b - - 34h - - b - - 63a - =
Landrace 3% - - 01 - - 66 - 76 - <
mean
200405
sL? 2la 13a 17b 20 18a 19 6la  5da 5Ha 658 Sda 6l
sCL 492 45 47a 53a 49 Sla SKa 55a 57a 6la Sua 6lia
Landrace 352 2% 32 372 3 35 6lla  SSa 38 6la 59 61
mean
2005/06
sL a2 T T Y02 R4 RTa Wa  #4b HTa - - -
SCL 33a I 32h T2 &Y% 73b 80a EREY T7b - - -
nul:‘:‘:"f‘c': 56a 52a 54 B T |0 RSa 79 X2

™ ** Means of soil types acrons | or means of |

different a1 P=0.05 probability level.

within and across suil types folluscd by different lettens are significantly

* Duri i Y DAR Pasin 2003704 and 200806 seasons
Dusing 20043718 senson data given was of 49 DA snd not that of 35 DAP as ) ) ‘
. an: for 2003704 scason arBe compared vertically because Jt was only one landrace, N-100 usedd. But for 200405 and 200506 seasans,

meaos of the two  landraces within each soil and acruss the suil types are

compared  horizontally while means of suil types across

landraces are compared vetically. Means within cach soil types are obtained from individua) sail anslysis af vanance while means

.

d froin § analyscs uf vanance, Nose. there were

landssces across soil types and means soil types actoss |

were

no significant interactinn besween soil type and landrace on seedling cmengence during the various seasons.
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Tablc 4:. Eifect of soil type and land sace on percentage flowering of bambara groundnut at different days sfier planting (dap) during three
croppine scxsoas at the Impata Apncubiural Rescarch Field Station |, Francistown

Soil tvpe - Rambara sroungnut plant fow ering (35 in various scasons at difTenent days after planting (dap)
¢ 200314+ 2004705 2005/06 .

49 56 63 dap 42 dap 49 dap Sadap

da day

va N~F N- MA- Mean? N- MA-  Mean N MA.  Mean N- MA- Mean

100 1w 1 SA Soit 10 15A 100 15A 100 157
SL tla Y7a 26 I5a 20b 27 15 2a 852 7Ib T8a Y6a Y a
SCL. Oh b 7ta M 6la [14] 0a Ob 27 18a 22 672 49 ?Ib'h
Mean' [}
landrace 32 54 4% I 41 142 8a i ‘563 45b 59 Bla  70b

Means for 200344 scoson are compased vertically aeross soil types because it was only one lamdrace used but for 2004/05 and 200306
scasons, means of landraces are compared horizontally within each soil lype . .

¥ Means of soil types across landraces {compared vertically) er 2 means of famdraces across soil types (cun'ipatc\l hunwnu.lly) followed by
differcu Ietters are significantly difTerent at P>0.05 prohability level. The y and 2 mceans were nhtamcd.fmm combined analyses of
variance. There wene no significant interactions between soil type and fandrace on percentage Mowering during the various seasons

Effect of soil type on  total dry matter,
nutrients  concentration and  content
(uptake) at flowering and maturity of
bambara groundnut landraces.

There were significant differences in plant
total dry matter (TDM) between soil types
(Tables 5 and 7). The plants grown in SL soil
had 508% and 63% more TDM at flowering
than those grown in SCL soil during 2003/04
and 2005/06, respectively (Table 5). At
maturity, plants grown in SL soil had 105%
more TDM than those in SCL during 2005/06
(Table 7). The higher TDM in those grown in
SL sail could be due to the fact that the crop in
SL soil had taken up more nutrients than those
from SCL (Table 6b) and also more plants
had emerged earlier than those in SCL, hence
they had more time 1o accumulate more TDM.
The TDM was found to be significantly
correlated to the uptake of nutrients.  The
carrclation between TDM and nutrients
uptake were: for N ( r=0.91, P=0.0001); P
(r=0.80, P=0.0002); K (r=0.94, P=0.0001);
Mg ( r=0.92, P=0.0001); Fe ( =0.5,
P=0.049): Mn (=0.79, P=0.0003). The
TDM of the two landraces did not difter
significantly although the N-100 landrace had
more than MA-15A by 21% at flowering
during 2003:04 and by 9% at maturity during
2005/06.  Generally, soil types did not have
significant effect on the concentration of
nutrients except for Na at flowering (Table 5),
Mn i empty pods and N in haulns at maturity
(Table 6) whereby plamts in SL soil had
significantly higher concentration than those
in SCL. The landrace N-100 had significantly
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higher concentration of Ca and Mg than MA-
15A at flowering.  Also, within SL soil at
maturity, the haulms of landrace N-100 had
significantly higher concentration of CP by
14%, and of P by 40% than MA-15A but its
empty pods had  significantly  lower
concentration of CP, K and Mg than MA-15A
(Table 6a). Generally, seeds from SL soil had
higher concentration of nutrients than from
SCL while secds of N-100 landrace had higher
concentration of nutrients than MA-15A.

The uptake of nutrients at flowering was
significantly higher in SL than in SCL during
2003/04 and 2005/06 and ranged from 75% -
472% for N, 50%-2900% for P, 67%-515%
for K, 75%-444% for Ca and 52% - 567% for
Mg (Table 5). At maturity, the whole plant
nutrient uptake in SL was significantly higher
than in SCL for only N, P and K (6b). Also,
the uptake of N, P, K, Mg, Cu. Mn and Zn in
seeds and P in crop residue were significantly
higher in SL soil than in SCL (6b). The two
landraces  did not differ significantly in
nutrient uptake except for N-100 landrace
which took up significantly higher levels of
Na at flowering (Table 5) and Zn in seeds
and P in the crop residue at maturity than MA-
I5A (Table 6b). The higher uptake of nutrients
in both SL soil and in landrace N-100 is due to
the fict that the crop had more TDM than that

from SCL or the landrace MA-15A
respectively.  There was fow uptake of P of 7
keha  compared o that  of  other

macronutrients like N (97 kgsha), K (73
kg/ha), Ca (42 kpha) and Mg (16kgha)
(Table 6b).  Since P is important for plant
growth and production, it implies that bambara
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groundnut had o low P orequirement. This 1w P fertilizer in the ficld and that this
finding seem to confirm the studies of could be responsible tor its ability 10 thrive
Ramolemana (1999) which concluded that mn chemically poor soils. ’

hambara  groundnut  had  low p ’

requirement as there was lack of response

Table® vty of sonl tvpe and Lindrace on phant nutsent concentranon « °w and ppmdand uptake thy oy i hambara zroundnor o
(10w ering perping sSGIRE EIOWR I WO sedsons at the Impals Aenculurad Rescarch Field Stavon, Francistown

Nutnient concentration ( %a) Tal dny maner Nuinent eptabe ¢ kg ha
;‘:‘)’\';"_‘ oz 203 3000 S0 2003 T W e T
Sall e Soil iy Landrace Sodl vpe Noul type lundrace
St sl S SCL N-HH) MA- St Sei N St Nl My
154 (AR
TOAL 440l T34b 1008a 620 Nu RN
op 14 6a 157 178 173 17.4a 1774 - - - - - -
N R 5 L) 28 1% 2.0y 103a IXb 2 17h 25 M
» 028 0050 01K 0.2 G.19a 0192 12 0.4h | Ka 1.2b 17 14
K |.Ka V. 7a T.95a 1.95a 1.9 2 Rk 13b s 12h 17a [N
Ca I.1a 1.24 40 .30 l.4a 1.2b dua Yh [EFY Xh (RN b
My 45y 0435 2.37a 0.3 .32 0.37h RIE) i K 23h 35 27
Na - - win3h Q.000a [EXVIRFY 0.004a - 0.03a 043 0.4 aolb
Nutnent Nutrient comcentration (ppm) Nutrient uplake | gha )
Cu - - .62 17.6a 14.6a 13.00 - - 0410 00nla 0ulla [R5
Fe - - T1Ya $d6a 6150 549 - - 072 .28 055 045,
Mn - - 1282 1400 133 1354 - - 13- b 02 0 g
Zn - - 2Xa 3l RiL) 29 - - (L.03a 0.02a 0.03s 0124

* Means of nutnents TDM are compared honzontally betw cen two soil 1ypes or two landraces and when they are followed by diflerent
leners. they are significantly ditferent at P = 0.05 probability leyel.

J * Only oue bambara groundnut landrace N-100 was planted during 200372004 seavon

Note: This is a combined analyses of variance of the two soil types

= The mieraction betw een sail ype and landrace on Mn uptake was significant al P=0.01 during 2005: 2106 season

Effect of soil type on yield and yield weight per plant, shelling percentage and
components of bambara groundnut grain yield than MA-15A landrace. The
landraces better performance of bambara groundnut
Soil types had significant effect on yield in SL soil than in SCL and of landrace N-
components except for 100 seed weight 100 than MA-15A could be due to the fact
and shelling percentage (Table 7). The that the crop in SL and the N-100 landrace
crop grown in SL soil performed better had accumulated more dry matter than
and gave significantly more of the their counterparts (Table 5 and 7) which
following components than that grown in was probably  partitioned to the yield
SCL soil as follows: grain yicld by 1058% components. There  were  highly
in 2003/04 and by 361% in 2005/06; significant correlations between final total
unshelled pod dry weight by 956% in dry matter and the following parameters
2003/04 and by 359% in 2005/06; pod as follows: grain yield (r = 094, P =
number per plant by 273%, seed weight 0.0001), pod number/plant (r=0.88,
per plant by 350% and crop residue by P=0.0001), unshellcd pod dry weight
55% during the 2005/06 season. Also, the (r=0.96, P=0.0001), sced yicld/plant
crop from SL soil had non- significantly (r=0.94, P=0.0001) as well as between
more 100 sced weight and shelling grain yield and the following: pod number
percentage than that from SCL  soil. per plant ( r = (.93, P = 0.0001), unshelled
During the 2004/05 scason, the landrace pod dry weight ( r=0.98, P =0.0001) and
N-100 had significantly more unshelled seed yield per plant (r =0.99, P=0.0001).
pod dry weight, 100 sced weight, seed The correlation of seed yield and pod
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number per plant corresponds well with
the findings - of Ofori-1 (1996) who
reported that pod number per plant gave
the best indication of sced yicld status of
bambara groundnut.  Also, the better
performance of bambara groundnuts in

sandy loam soil commesponds well with the
Table 6:

Effects of sail type and landmce on (a) autrient concentration

findings of Swanevelder (1998) who
reported that the crop prefers well-drained
sandy loam as it can utilize lighter rain
showers to greater advantage than clay soil
and the soil cannot damage the sced.

4% and ppm) and (b) outrient content or uptake it bambara

proundnut at matunty  prown ot Impata Agricultural R ch Station, Francistown — during 2008/06 season.
{a) concentration i
Sceds Lmpty pods Laulms

Nutiemt® Seiltype _ __landrsce  _ Seiltype _ landmee __ Seiltvpe | lan

SL SCL N-lon_ MA-1SA Sk SCL N-Jo0 MA-15A . Sk SCL_ N-100  MA-[5A
[ 23Ka 1930 224a 2.7 Sla+ 6% 59a 6.2a 143+t 162%a 1372 14t
N o 38a lla l6a 33a L8a i.la 093 20a P¥3b++ 2fa  2.2a R
roo- 1.29a 02Ra  03ia 0.26a 0.08a 0.1a 0.09 0.10a 014z ++ 173 0.18a 0.13b
K - 1.9a4 1.8a 1.89a 1.8la 2.5 29 23l 2Ma L4a 1422 15 [
Ca = 0.11a 0.05a 0.1la  (L05a 0.4t .35 0422 0.34a £72a 1.51a 1.6a 1.7a
Mg ™ 0.17a+ 0.16a 0172 0.16a 0.22a 0.1%a 0202 G212 0.502 0570 0.5 (.52
Naoo o 0016 (0 00162 O0.004a 0.05a 0.08a 0070 0072 0.013 0019 002 0Ma
Cu ppm 7 59 6.6a 6.da 4.6a S.49a 50a 5.5a 10.0a Ria  93a K.8a
fe = Wda EINE] 4262 3791 Ml Bla 402 2352 675.4a 665.6a  653a 68Ka
Mn - 13.1a In4a  130a 10.52 28.3a #.4b 2.6 250 120.6a 1098 1042 12Ra
fn 205 25.9a 27.1a 2133 144a 24.6a 179a  2N.1a 274 1542 243 .4y
{h) content Sceds Residue {_empty pods & hanlms) Whole plant
N kgha ha.a 1280 30.4a 2.4 553 573a §2a Sdda 12434 70.3b  9K.5 96.0 a
L 52a I.ib R 29 44a 3.35a 4.7 3.3b Y.8a 48be- Kla 6.
K - REW.F1 LI 1v.8a 21.7a a9 4a 3K.6b 51.5 56.5 103.00 420b Trda Ti6a
Ca = i Xa .52 N6a 0.7 5092 3.2 M5 39.6a 2014 33 da .0
My JtUa 07h 1.8a 1.9a 14.8a 12.6a 14.3a 13.0a 18.4a 134 o 15.1a
Na (XL H 0.1tk 0.02a 0.12a 0.73a 0.51a 0.65a 6la + Rk 0.62a 0.6% 074
Cugha 130a 27b K2a Toa 2400 223 5.5 2da KRR 2500 33k 2904
Te Tlea 432 o).t P9K1a 160X 1751a TROKa 2208 2 16dua 20400 INTTa
AMn - pER ) 42 1T l6.8a 3da- 240 263a My I 24up 2TeMa MM
Lol Wi UL LR TR A SiHa SKoa__6hda Sy G340 gYea  K9Xa T4l

+ indicates tat wathin the same sl type the MA-15A landrace had sigmficantly more
mndcate that wathin the same sl ype the N- 100 landrace had smificanily more
. Means i mutnients are compared honzontally between soil ty

ditlerent st P08 prob fesel

7 Interaction between sl 1y pe and Landrace on AMu uptahe was signilicant at P+ 008, Note: this 18 s combined an,

of the nutrient than the N- 100 while

ul'the nutnent than the MA-154

pes of landraces and those followed by illerent letter are siemificanthy

alyses ol varnance
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CONCLUSIONS AND bambara groundnut  production.  Also.
RECOMMENDATIONS because the crop grown in SL depletes soil
Planting bambara groundnut in sandy loam nutrients more than in SCL. greater soil
soil  (SL) resulted in earlier and higher nutrient management should be practiced
percentage of seedling emergenee  and in SL soil. Further rescarch is needed to
flowering.  higher  plant  stand  afier establish the reasons why the two soil
complete  emergence,  more  total  dry types  caused  different responses to
matter, more pod number per plant, more bambara groundnut landraces.

unshelled pod dry  weight, more grain

yield, more crop residue  and more soil ACKNOWLEDGEMENTS

nutrient uptake than that grown in sandy The author thanks the Departiment of
clay loam soil (SCL). The uptake of Agricultural Rescarch for funding  this
macro-nutrients showed that, P had the work and F.M. Phindela and B.N.
lowest uptake. In order to maximize grain Baipoledi for their wechnical assistance.

yield the sandy loam soil should be used in

Table 7. Lects of soil type and landrace on mean yield and yield comy ol bambara g tnut grown in diferent seasoms al Impala
Agnculturat Research Field Station, Francistown
Yichd compunetts + 200304 Season * 20408 Season * 2M5:00 Season

Sandy Sandy Sandy clay leam Sandy Sandy

L.oam clay loan N0 MA-15A  loum clay loam  N-1G0) MA-1SA
Total dry mauter (herha) - - - - S410a 20-44b $104a Axola
Pod number ¢ plant - - - - Shas+ 15h 3k 412
Unshelled pud dry wi (kphay 46254 438b 308a 139h 2839 (L) 1767a isla
106 sced wi (i) - - 38a b 68a 63a 6la Tta
Seed wi / plant (g) - - 3.2 I.1b 27 b 17a ita
Shejling % T8a Tta (3.5 ish 6da 52a LX) 57a
Grain yicld (kgha) 36252 313k 234n Thh 18204 39Sk 1133 1082a
Crop Residue dry wt (kgha) - - - - I591a 22400 i 27792

* During 2003/ scason enly one hambara groundnut landrace the N-100 was used while dunng the 2004405 season, data were obtained
from one soil type the sandy clay loam.

+ Means of cach yicld component are compared horizonally between the two seil types or the two bamhara grosndanu luf\dmccls. )

Mcans compared between two soil types of two t & dnut fandraces foll ) by the same letter do not differ significanly (

P=0.05) (DMRT) " " )

++ Interaction between soil type and landrace on pod auiber per plant was signiticant at P<G.05. Also \\uhm_ sandy Joam soil, MA-15A
had significantly more pod nuraber/plant than N-100. Means of 2003/04 and 200506 scasons are chiained from the embined analyses
of variance
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