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ABSTRACT

Although the African nightshade is increasingly becoming an important vegetable in Kenya, the consumer demand
has not been met due to its low yields occasioned by lack of fertilizer use. The general belief is that traditional
vegetables are adapted to low fertility. Thisis despite the fact that phosphorus limits crop production in many parts
of western Kenya. The objective of this study was therefore to investigate the effect of phosphorus fertilizer
application rate on growth and leaf yields of three types of the African nightshade; Solanum Scabrum (SS), solanum
villosum subsp villosum (SVV) and solanum villosum subsp miniatum (SVM). The treatments consisted of four rates
of phosphorus (0, 20, 40 and 60 Kg P ha'™) in a factorial combination with three types of the African Nightshade, SS,
SVV and SVM. To assess the effect of treatments on plant growth, eight randomly selected plants in each plot were
tagged and their heights, number of leaves per plant, leaf area and leaf yields determined. The available soil P
levels were also determined. There was a general increase in available soil P with increasing P rate. Smilarly the
plant heights, leaf numbers, leaf area and leaf yields increased with increasing P rate. The leaf yields ranged from
2.38tha' (SYM with 0 P) to 13.35t ha™® (SSwith 60 kg P ha™) in the first season and from 2.01 t ha* (SVV with 0
P) to 8.67 t ha™ (SVM with 60 kg p ha™) in the second season. Among the genotypes, SShad the highest leaf yields,
at same P levels, followed by SVV and SVM respectively, except at the P rate of 40 kg ha™ where the difference
between SVV and SYM was not significant in the first season. However, SYM had the highest mean leaf yields in the
second season followed by SS and SVV respectively. We conclude that although P fertilization was beneficial to all
the genotypes, there is need to target it carefully because the response appeared to be season specific. When thereis
adequate rainfall, SS appears to be a good choice but under low rainfall conditions, SYM could be more attractive.

INTRODUCTION

The marketing and consumption of indigenous vedesaim Kenya have steadily changed over the ydarthe

earlier year times, they were eaten by lower sec@aomic groups and hence were grown mainly fosisténce
[1] although limited amounts were also sold atfdren level and local markets. However, after it wlasnonstrated
that these vegetables have nutritional and medivadae [2], they gained acceptance among theivelsgtwealthy

Kenyans and are, therefore, now are found in tiheadb markets such as supermarkets and the municipetets
where medium and higher socio-economic classes. shup shifting consumer taste for indigenous vaplets

therefore offers unique opportunities to divergdyming systems, ensure food security and alle\pateerty, while

increasing income and improving human health iny&en
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Among these indigenous vegetables, the Africantalgde is increasingly becoming important and Wwessecond
most preferred vegetable among the main communitiesbiting western Kenya according to a survey[3ly
However, the area under its cultivation is stilvlbecause it is traditionally produced at subsistdevel where it is
grown in home gardens around homestead or colldobed the wild [4]. This coupled with the low legfelds,
ranging between 1-3 tons hehave conspired to ensure that the consumer defoatite African nightshade is not
satisfied. The low productivity has been attributedeveral factors that include environmental agibnomic ones.
In western Kenya, soil fertility depletion, partially of N and P, was identified as a fundamentealtrcause of
declining crop productivity [5]. The need to repimthese nutrients in food production has thusbeeognized
for a long time. However, the general belief thatitional vegetables are adapted to low fertitigs led to low or
no usage of fertilizers on these crops. Furtherptbire is paucity of information on fertilizer momendations for
these vegetables as they have attracted littl@relsattention. It is only recently that some woskiea Kenya have
taken keen interest in this research area. Focsisna@nly been on nitrogen with several workers. (Y [7] and
[8]) demonstrating response to N application in y@erHowever, in many parts of Kenya, P is also gpmaniting
nutrient and response to N and other nutrientssiglly inhibited unless P limitations are overcorbe relative
leaf growth rate is one of the most sensitive patans to phosphorus deficiency and it affects th&tqgsynthetic
rate per unit area [9] and hence the yield of vages. The objective of this study was thereforeaatribute to our
understanding of the effect of fertilizers on irgligus leafy vegetables by determining the effegbhafsphorus
fertilizer application rate on growth and leaf gl of three African nightshade typ&sjanum Scabrum, solanum
villosum subspvillosum and solanum villosum subsp miniatum.

MATERIALSAND METHODS

Site description

The study was conducted in Moiben location, Uasish® County of Kenya. The site lies at an altitef@163 m
above sea level and is within latitud®4® 0N and longitude 3549°60E. The average rainfall is 900 - 1200 mm
per annum distributed mainly between the month$lafch and December with two distinct peaks in Mag a
October. The temperatures range betweefC8ahd 26.1C. The soils at the site are rhodic ferralsols Wwhice
acidic, moderately deep and well drained [10].

Experimental layout and management

The experiments were conducted over two croppiaga@es; the long rains of May to August 2010 andtsiains
season of August to December 2010. A randomizedptsien block design with three replications was usét
each experimental plot measuring 2 m x 3 m. Thetitnents consisted of four rates of phosphorus@p4@ and 60
Kg P ha') in a factorial combination with three types oé tAfrican NightshadeSolanum scabrum,(SS) Solanum
villosum subspvillosum (SVV) andSolanum villosum subspminiatum (SVM). The soils were worked out to a fine
tilth as recommended for small seeds. Appropriatesr of phosphate fertilizer were broadcasted gvenlthe
respective plots at the time of planting. Calciumnzonium nitrate (26% N) at 60 Kg N fhand Muriate of potash
(60% K,0) at 30 Kg K h& were uniformly broadcasted and incorporated iht goil in each of the two seasons.
The intention was to supply sufficient amounts ol K to ensure that the two nutrients were moitilng factors
on plant growth when studying the P effects. Faeds of the respective African nightshade types wdnectly
sown at a spacing of 30 cm x 30 cm on th® @®May 2010 in the first season and"1& August 2010 in the
second season. The fields were kept weed free mypatly weeding using a hoe. Insect pests and diseagre
controlled using appropriate pesticides. Thinnirgswdone at four weeks after sowing (WAS) while dopssing
with the N fertilizer was done two week later. lack of the two seasons, soil samples were collg€ed.15 m
depth) at 6 WAS from each plot and analyzed foilalbke P using the Olsen method as described bly [11

To assess the effect of treatments on plant grosigiit randomly selected plants in each plot waggéed and their
heights, determined starting from six WAS and theekly thereafter until harvesting. The numbereafes on the
main stem and leaf area were determined at 7 WAS.|@af area was calculated using the formula,desd= L x

W x K, where L is leaf length, W is leaf width aKdis a multiplying factor obtained from the ratibleaf area as
traced on a graph paper to the calculated leaf(&egth x width) [12]. Plant height was measuiredn the ground
level up to the apex of the youngest leaf. Harngstias done at WAS by picking all the leaves and tender shoots
and their fresh weight taken and recorded immelgiatall data were subjected tAnalysis of variance (ANOVA)
using the Genstat statistical package [13] andntkans separated using standard errors of diffeseoceneans
(SED) at p< 0.05.
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RESULTSAND DISCUSSION

Initial soil properties and available phosphorus.

Selected soil properties at the experimental sgeshown in Table 1. The soil was acidic (pH < &8l low in total
soil N (< 0.2%), organic carbon (< 2%) and avai#aphosphorus (< 10 mg Rpall which were below the critical
levels (shown in brackets) prescribed by [10] thigwifying the general infertility of this soil. Ehmean available P
levels were 6.4 and 9.6 mg P kdor the treatments with no P application in thestfiand second seasons
respectively (Table 1). Such low P Levels are tekgected in this type of soil (Ferralsol) whichrikerently low

in P and also high in P-fixation [5]. There wassignificant interaction between type of black nitade and P rate
on available soil P but the effect of P rate waghhyi significant (p < 0.001). The increase in aableé phosphorus
with increasing phosphorus rates in both seasonsbeaattributed to the fact that phosphorus samplig soil
decreases as more P is applied to soil [14] thustaiaing a high P availability.

Table 1. Selected initial soil propertiesat the experimental site

OlsenP | | oo o o i
(mg kg') % Organic| % Sand % Cla % Silt

Value 547| 0.11 6.00 1.82 66% 12 22

Parameter] pH| % N

Table 2. Effect of phosphorusrate and type of Solanum on Olsen P in mg P kg™ at six weeks after planting

P rate (kg he-) Season or Season tw
SS SVW SVM Means SS SVW SVM Means
0 5.3 5.1 6.9 5.7 7.7 8.9 9.5 8.7
20 7.1 5.3 8.8 7.1 11.2 11.C 10.1 10.¢
40 105 6.9 9.3 8.9 174 146 190 17.0
60 142 139 152 144, 180 22.0 18.1 18.5
Means 9.3 7.8 10.0 9.0 13.6 141 1438 14.0
SED
P rate 2.0 2.2
Cultivar NS NS
SED P rate X Cultivar NS NS

SS= Solanum scabrum, SVV= Solanum villosum subsp villosum
SVM= Solanum villosum subsp miniatum
SED = Sandard error of difference of means

Effect of phosphorusrate and type of black nightshade on growth parameters

Plant height

The data for plant heights for the first and seceealsons are presented in Tables 4 and 5 respgcliiere was no
significant interaction between cultivar and thegbhorus rate on plant height in both seasonsatidig that the
genotypes responded similarly to P applicationemms of plant height. The effect of P rate and tgpélack
nightshade were however significant with the plagights generally increasing with an increase iatBs within
each type of black nightshade at all sampling timdsoth seasons. This response is to be expettadPideficient
soil such as the one in the present study. Amoeggdnotypes, at the same P rate, the plant heightee first
season generally followed the order; SS > SVV >rBe first 52 days but in subsequent samplingsinthe order
changed to SVV > SS > SSM. In the second seasenréhd was SVV > SS > SSM at all sampling timeésh&d
taller plants in the absence of P but SVV responderk strongly to P than SS. Given that the gerestypsponded
similarly to P application, the differences in thékights at similar P rates can be attributedhigirtinherent
morphological characteristics.
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Table 3 Effect of phosphorusrate and type of solanum on plant height in the first season (cm)

Tirpeenapling
P Iate (kg 45 DAS 52 DAS 59 DAS 66 DAS 73 DAS
ha)
Tyipaak nightshade
SS SwW SVM Means SS SVM SVM Means SS SAY SVM MeanSS SwW SVM Meang SS SW SVM Means
0 3.9 4.3 2.8 3.7 6.7 8.0 5.0 6.6 12.6 14.8 86 201 | 208 233 12.6 18.9 32.1 36.8 25.3 314
20 5. 4.4 34 4.4 13.7 8.2 10.2 10.2 20.2 16.¢ 14.¢ 17.4 30.2 25.2 22.¢ 26.1 40.¢ 38.t 37.C 38.¢
40 6.3 6.2 5.0 5.8 12.7 9.9 11.8 11.8 22.6 245 816. 213 35.3 39.5 235 32.8 48.0 57.5 40.0 48.5
60 7.2 6.5 5.0 6.2 11.8 13.7 11.3 12.3 17.8 259 420 214 30.1 37.9 29.6 325 43.4 48.9 47.8 46.7
Mean: 5.7 54 4.C 5.C 11.2 10.¢ 8.€ 10.2 18.2 20.5 15.2 18.C 29.1 31.t 22.2 27.€ 41.1 45.4 37.t 41.2
SED P rate 0.41 1.18 1.58 2.11 3.11
SED Cultivar 0.35 1.02 1.37 1.83 7@.
SED P rate X Cultivar NS NS NS NS NS
SS= Solanum scabrum, SVV= Solanum villosum subsp villosum, SYM= Solanum villosum subsp miniatum. SED = Sandard error of difference of means, NS= Not significant, DAS= Days after
sowing.
Table 4: Effect of phosphorusrate and type of solanum on plant height, season two height (cm)
dfimeasurement
45 DAS 52 DAS 59 DAS 66 DAS 73 DAS
Type of black nightshade
P rate (kg hd SS SVW SVM Meang SS SVV SVM Mear)s SS SVV SVM MeanSS SVV  SVM Meang SS SVV SVM Means
0 23 21 1.2 1.8 3.7 3.1 2.0 2.9 7.6 5.6 3.6 5.6 9.8 9.0 5.3 8.1 175 16.2 8.1 14.0
20 24 27 24 25 4.1 4.4 4.1 4.2 8.0 6.8 104 84 118 127 10.2 115 19.4 20.4 17.8 19.2
40 35 45 3.6 3.9 6.0 7.5 6.6 6.7 9.7 151 123 412| 16,6 229 17.0 18.9 26.3 325 39.8 32.8
60 39 42 3.7 3.9 7.6 7.2 6.1 7.0 11.7 135 116 231 | 181 21.8 17.8 19.2 28.6 29.8 25.2 27.8
Means 30 34 2.7 3.0 5.3 5.5 4.7 5.2 9.2 10.2 95 9.7 141  16.6 12.6 14.4 23.0 24.7 22.7 23.5
SED P rate 0.38 640. 1.57 1.66 4.66
SED Cultivar NS NS NS 1.43 NS
SED P rate X Cultivar N NS NS NS NS
SS= Solanum scabrum, SVV= Solanum villosum subsp villosum, SYM= Solanum villosum subsp miniatum. SED = Sandard error of difference of means, NS= Not significant, DAS= Days after
sowing.
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Effect of phosphorusrate and type of solanum on total number of leaves and leaf area

The effect of the rate of phosphorus applicatiodeaf number varied with the type of black nightdasampling
time and season (Tables 5 and 6). In season bee tvas an increase in the number of leaves aatals of P
application for all the genotypes although statatsignificance was observed at the P rates @60 kg ha but
not 20 kg ha at all the three sampling times. The highest respan season one was obtained at the P ratekaf 60
ha® for all the genotypes at all sampling times altjtothe differences between 40 and 60 kg ware not always
statistically significant. The number of leaves 88 was fewer in the second season than the Hostiever, for
SVV and SVM the number of leaves was fewer in #h@ad than first season only when P was not appligdiue
to the strong response to P application, the treatsnwith P rates of 20, 40 and 60 kg fRahad more leaves than
similar leaf numbers as in the first season. Thas wiore pronounced for SVM. Among the genotypesh&bthe
least number of leaves while SVM and SVV leaf nurelveere not significantly different. The SS platgeded to
have fewer but larger leaves than the SVV and Sttkbated mainly to genotypic differences.

Table 5: Effect of phosphorusrate and type of solanum on total number of leavesin a plant, season one

P rate (kg hd) 59 DAS 66 DAS 73 DAS

SS SW SVM Meansf] SS SVV SVM Means SS SVV SVM Means
0 13 32 44 29 28 69 75 57 72 110 119 103
20 23 44 65 45 35 78 86 66 74 13C 127 11¢
40 25 53 61 46 39 91 81 70 94 147 129 129
60 27 69 74 57 43 139 123 102 84 198 154 154
Mean: 22 48 61 44 36 94 91 74 81 14€  12¢ 12€
SED
P rate 6 11 14
Genotype 6 9 12
SED P rate X Genotype NS NS NS

SS= Solanum scabrum, SVV= Solanum villosum subsp villosum; SYM= Solanum villosum subsp miniatum
SED = Standard error of difference of means, NS= Not significant, DAS= Days after sowing.

Table6: Effect of phosphorusrate and genotype of solanum on total number of leavesin a plant, season two

P rate (kg hd) 59 DAS 66 DAS 73 DAS

SS SVW SVM Meansf SS SW SVM Means SS SVV SVM Means
0 18 23 15 19 32 34 32 33 54 59 67 60
20 20 40 41 34 27 75 87 63 55 121 163 113
40 20 52 87 53 40 11¢ 154 104 74 231 24¢ 18t
60 24 49 77 50 42 118 122 94 69 177 245 164
Means 21 41 55 39 35 87 99 74 63 147 181 130
SED
P rat¢ 7 14 19
SED Genotype 6 12 16
SED P rate X Genotype 12 NS 32

SS= Solanum scabrum, SVV= Solanum villosum subsp villosum; SYM= Solanum villosum subsp miniatum
SED = Sandard error of difference of means, NS= Not significant, DAS = Days after sowing

Table 7: Effect of Phosphorusrateand variety of solanum on leaf areain cm? leaf area

P rate (kg Seasorone Season tw
ha) 52 DAS 59 DAS 52 DAS 59 DAS
SS SVW SVM Means SS SVVW SVM Means SS SVW SVM Means$S SVV SVM Means
0 15.7 8.4 6.4 10.2 315 116 8.8 173 7.5 3.4 0.7 3.9 22.9 6.6 5.1 115
20 27.7 8.7 11.0 15.8 469 113 128 23{7 9.2 42 9 3 6.9 26.0 10.6 9.5 154
40 319 130 11.8 19.3 65.3 16.2 135 316 12.7 6.66.1 7.5 287 172 178 21.3
60 332 141 134 19.8 529 175 15.6 28|17 26.3 7.46.8 13.2 46.3 154 157 25.8
Means 271 111 10.7 16.3 49.2 141 127 25.3 1384 4.4 7.9 400 125 12.0 185
SED
P rate 1.65 4,01 1.46 2.76
Genotype 1.43 3.47 1.27 2.39
P rate X
Genotype NS NS NS NS

SS= Solanum scabrum, SVV= Solanum villosum subsp villosum; SYM= Solanum villosum subsp miniatum;
SED = Sandard error of difference of means, NS= Not significant, DAS = Days after sowing
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The mean leaf areas in season one were greatertibaa of season two (Table 7). There was no sogmif
phosphorus rate by cultivar interaction on the beafa in both seasons. However, the P rate angasudtffects on
leaf area were highly (p < 0.01) significant. Avged across all P rates, SS had the highest leaffalewed by
SVV and SVM in both seasons. As would be expedteslJeaf area in each of the seasons increasedSfodays
after sowing to 62 days due expansion of leaves @sult of growth. The response to P applicatidhinv each
genotype was very similar to that of number of E=awith increasing P rate resulting in higher kraf.

Effect of phosphorusrate and cultivar on fresh leaf yields

There was a significant interaction between cuttevad the phosphorus rate on fresh leaf yieldoth beasons. The
effect of phosphorus rate and cultivar were algghllyi significant. The fresh leaf yield increasedhwincreasing
phosphorus rate in both seasons (Table 8) thusrgon§ that P was limiting in this soil as refledti the soil test
P values (Tables 1 and 2). Among the genotype$ia8She highest leaf yields, at same P levellpvi@d by SVV
and SVM respectively, except at the P rate of 4thé§y where the difference between SVV and SVM was not
significant in the first season. However, SVM hhd highest mean yields in the second season falldwyeSS and
SVV respectively. The higher mean yields in seasmm than season two observed for all the genotigpatsributed
to mainly the better rainfall in the first seasd®@ mm) compared to the second (259 mm). The loaias in the
second season are likely to have reduced the yalofitthese genotypes to fully utilize the applied This is
confirmed by the lower response to P applicationhim second compared to the first for the two ggyes. For
example, the highest response relative to the aowith no P application for SS in the first andeed seasons was
335% and 84% respectively while that of SVV was%®4&nd 285% respectively. [15] have similarly dentaied
that SS seedlings are very sensitive to drougltesihe stressed seedlings exhibited about 97% tiedua leaf
area, 84% reduction in shoot height, 88% redudtioshoot dry weight relative to control plants. Hoxer, the
converse was true for SVM whose mean yields wenepewable to those of season one, suggesting tigatribre
drought tolerant than the other two types of blagghtshades used in this study and was thus abstromgly
respond to P especially at the higher rates eveerulow rainfall where the increase in yield oviee tontrol was
312% in the second. Despite the lower yields indbeond season, P fertilization was still bendfitiaall the
genotypes. This reinforces other studies that laperted that P nutrition under water deficits eéase drought
resistance and improve growth and yield of plad®].[ Presumably, increased root growth due to Hicgimn
would lead to a greater volume of soil explored &etice a greater potential reservoir of soil walters also
possible that P enables the plant to better witlastirought conditions due to its role in energyage and protein
formation [17].

Table 8. Effect of Phosphorusrate and variety of the black African nightshade on fresh leaf yield (t ha™)

P rate kg (Y Season one Season two

SE  SW_ SVM  Mean: | SE SVV_ SVM  Mean:
0 3.07 248 2.38 264 369 201 210 2.60
20 7.93 6.42 550 6.62 491 452 5.86 5.10
40 1122 7.38 7.4¢ 870 | 517 4.91 715 574
60 13.35 11.03 9.16 11.1§ 6.79 7.70 8.67 7.72
Means 8.89 6.83 6.13 7.2 5.14 4.79 5.9529 5.
SED
P rate 0.45 0.54
Cultivar 0.39 0.47
P rate x cultivar 0.77 0.93

SS= Solanum scabrum, SVV= Solanum villosum subsp villosum, SYM= Solanum villosum subsp miniatum., SED = Standard error of difference
of means.
CONCLUSION

There was a general increase in available soiltF wcreasing P rate. Similarly the plant heighgaf numbers, leaf
area and leaf yields increased with increasingt® akthough the differences between 40 and 60 kg'Rvere not
always significant. We conclude that although Rilfeation was beneficial to all the genotypes,rthés need to
target it carefully because the response appearbd season specific. When there is adequate lfai8f appears
to be a good choice but under low rainfall condi§oSVM could be more attractive. Ultimately thevicke of the
rate of fertilizer P and type of nightshade to nfed should be based on economic considerations.
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