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1.0. Introduction 

Solanum macrocarpon (egg plant) is an indigenous vege-
table called Igbagba by the Yorubas in Nigeria. It contains 
essential macro and micronutrients, vitamins, protein in 
considerable amounts and is economically, nutritionally 
and medicinally important (Idowu et al., 2014). Low soil 
fertility remains one of the major problem limiting the 
production of vegetables (Bello and Awwal, 2008; Ham-
den and Fadni, 2010).  

Nitrogen (N), phosphorus (P), and sulphur (S) are an es-
sential nutrient element needed for high yields and quality 
of vegetables. For example, N is vital for the photosynthet-

ic activity, vegetative and reproductive metabolism; P is 
involved in energy storage needed for physiological pro-
cesses and photosynthetic reaction while S is an essential 
component of chlorophyll, specific vitamins and protein in 
plants (Maschner, 1998; Adepetu et al., 2014). Moreover, 
attention is given to macronutrients such as N, P, K leav-
ing out other micronutrients that are also essential to soil 
fertility and plant growth (Harvlin et al., 2009). Though 
required by plants in small amount, they are essential to 
plant and human nutrition (Govindaraj et al., 2011).  The 
deficiency of one or more of the micronutrients can lead to 
severe depression in growth, yield and crop quality 
(Halvin et al., 2009; White et al., 2012). Iron (Fe) helps in 
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pon production in southwest Nigeria. 
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the maintenance of chlorophyll in the plant (Price et al., 
1972) and Zinc (Zn) plays an essential role as enzymes 
activators (Marschner, 1998).  

Nutrient elements are specific in function and have syner-
gistic relationships; therefore, it is expedient that they are 
supplied in sufficient quantity to plant at the right time 
(Omotoso and Akinrinde, 2013). The practical placement 
and timing of fertilizers maximize both yield and nutrient 
use efficiency (Jones and Jacobsen, 2009); increases net 
return for vegetable farmers and reduce environmental 
pollution from fertilizers. Although vegetables respond 
positively to organic and/ inorganic fertilizer application in 
Nigeria (Idowu, 2008; Idowu, 2010; Ajibola et al., 2015; 
Ehigiator et al., 2015), the question is, how many of the 
resource farmers in Southwest Nigeria can afford the ferti-
lizers (Adebisi-Adelani et al., 2011; FEPSAN, 2014) and 
after that apply at the recommended rate. Consequentially, 
the nutrition, medicinal and economic benefits of these 
vegetables is forfeited.   

Fertilizer micro-dosing involves the application of rela-
tively small quantities of fertilizer at sowing time or within 
a short time after sowing, substantially reducing the rec-
ommended amount of fertilizer that subsistence farmers 
need to apply while giving plants enough nutrients for 
optimal growth (ICRISAT, 2009). The implementation of 
this technology has resulted in greater nutrient use effi-
ciency and positive responses of increased production of 
crops like maize and pearl millet in some African coun-
tries (Tabo et al., 2006; INERA, 2010; Twomlow et al., 
2010; Bagayoko et al., 2011) and it also permits a more 
precise and better-timed fertilizer placement, and hence 
appropriate management of fertilizer (Sanginga and 
Woomer, 2009). However, there is little information on 
the effect of urea and organic fertilizer application using 
micro-dosing technology on the yield and uptake of P, S, 
Fe and Zn in the selected vegetable crops, hence this 
study. 

The specific objectives of this research study were to ex-
amine the effects of fertilizer rate and time of application 
on yield and soil P, S, Fe and Zn availability to S. macro-
carpon to establish the optimum microdose-fertilizer ap-
plication for vegetable production in southwest Nigeria.  

2.0. Materials and Method 

2.1. Description of the Study Area 

The study was conducted in two locations; rainforest zone 
(Ilesha, Osun state) and derived savannah (Ogbomoso, 
Oyo state). These zones are part of the Nigeria-Canada-
Vegetable/Micro-Veg project sites and have been under 
vegetable cultivation for 3 years. The experiment was con-
ducted in 2015 at the experimental fields, Ogbomoso lies 
within Latitude 80 6’ 35” N and Longitude 40 18’ 41” E in 
Oyo state with a bimodal rainfall pattern that ranges be-
tween 1296 mm and 1306 mm while Ilesha lies within 
Latitude 70 38’ 36” N and Longitude 40 45’ 40” E in Osun 
state with a rainfall pattern that is bimodal which varies 
between 1600 and 2000 mm.  

The experimental plots were prepared 3 m × 2 m with a 
spacing of 1 m (29 m × 15 m). The treatment consisted of 
a 2 x 5 factorial combination of five nitrogen levels (0, 20, 
40, 60, and 80 (without organic fertilizer) kg N ha-1), two 
times of urea application (at planting and two weeks after 
planting). Organic fertilizer (3.5 % N, 1 % P, and 1.2 % K) 
was applied at 5 tons ha-1 as basal fertilizer a week before 
urea application except for 80 kg N ha-1. All the treatments 

were replicated four times. 

2.2. Soil Sampling, Preparation and Analysis 

Bulk surface soil samples were randomly collected at 0 – 
15 cm depth from the unfertilized plots for routine analy-
sis. Soil samples were air-dried, crushed in an agate mortar 
and passed through a 2-mm sieve to remove roots, stones 
and other debris. The fraction that passed through the sieve 
was kept in an airtight container and analyzed for follow-
ing properties. Particle size distribution was determined by 
the modified hydrometer method (Bouyoucos, 1962) using 
0.2 M NaOH solution as the dispersing agent. Soil pH was 
determined using a glass electrode pH meter in 0.01 M 
CaCl2 solution, using 1:2 soils: CaCl2 solution (Peech et 
al., 1953). Soil organic carbon was determined by the 
chromic acid digestion method (Walkey Black, 1934). The 
total N concentration was determined by macro-Kjeldahl 
method (Bremner, 1996), available S was extracted using 
KH2SO4 and was determined using the turbidimetric meth-
od (Tabatabai, 1974) and the available P was extracted by 
Bray-1 method (Bray and Kutz, 1945) and extracted P was 
measured colourimetrically at 660 nm using visible spec-
trophotometer 721-Axiom Ltd. U. K. Exchangeable K, Ca, 
Na and Mg were extracted with neutral (pH 7) solution of 
1N NH4OAc. Potassium, Ca and Na were determined us-
ing the flame photometer (flame photometer model 2655-
00 Digital Flame Analyzer, Cole-Parmer Instrument Com-
pany, Chicago, Illinois 60061) and Mg by the atomic ab-
sorption spectrophotometer (PG-900 Atomic Absorption 
Spectrophotometer Model, PG-instrument Ltd. the United 
Kingdom). Soil available Fe and Zn were extracted by 0.1 
N HCl and determined using atomic absorption spectro-
photometer Pg AA-500 model at wavelength 248.33 and 
213.86 nm, respectively. 

2.4. Data Collection 

S. macrocarpon shoot was harvested at seven weeks after 
planting (WAP). The shoots were harvested by cutting the 
stem at about 8 cm to the soil surface. Subsequent harvest 
was done fortnightly, the fresh weight of harvested edible 
shoots was determined per plot and immediately transport-
ed to the Soil Science Laboratory of Obafemi Awolowo 
University, Ile-Ife, Nigeria.  

2.5. Determination of Nutrient Composition 

The vegetable leave samples were collected randomly 
from each harvested shoots. Samples were weighed, la-
belled accordingly and placed in an oven (OV-440 
Gallenkamp model) at 65oC until a constant weight was 
obtained. Dry weight was also determined, and 0.5 g of the 
ground vegetable tissues were digested using the wet ash-
ing method (Piper, 1944). The ash was extracted with 2 ml 
of 6 N H2SO4, and the extract was quantitatively trans-
ferred to 50 ml volumetric flask and made up to the mark. 
Appropriate dilutions were made and the elements ana-
lyzed against their standards. All the samples were ana-
lyzed along with a blank solution. Phosphorus content was 
determined using vanadomolybdate method (Kuo,1996) 
and absorbance was read using the visible Spectrophotom-
eter at 440 nm wavelengths while S content was deter-
mined using the Turbidimetric method (Tabatabai, 1974), 
absorbance was read at 420 nm wavelength using the visi-
ble Spectrophotometer. Standard solutions of P and S with 
different concentrations were also read. A standard curve 
was plotted with the concentrations of the standards 
against the absorbance readings, and this was used to de-
termine the concentration of P and S in the samples. 

2.6. Data Analysis 
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Data collected were subjected to analysis of variance 
(ANOVA) to assess treatment effects and time of applica-
tion on fresh yield and the uptake of Phosphorus and Sul-
phur by the vegetable. Means were separated using Dun-
can’s Multiple Range Test at 5% level of probability (SAS 
9.1). 

3.0. Results and Discussion 

3.1. Characteristics of the soil used for the study 

The soils (Table 1) were strongly acidic pH (5.4) for rain-
forest savanna (Ilesha) and medium acidic pH (5.70) for 
the derived savanna (Ogbomoso) in 0.01 M CaCl2. The 
textural classification of the soil was loamy sand for the 
two locations. The organic carbon and total N content of 
soils at the rainforest zone (8.4 and 2.3 gkg-1) and the de-
rived savanna (16.6 and 1.8 gkg-1) were within the medium

Table 1: The physical and chemical properties of the soil (0-15 cm) used for the experiment. Soil properties    RAINFOREST       DERIVED 

Sand (mgkg-1) 760 820 

Silt       “   90   50 

Clay     “ 150 130 

Textural class Loamy sand  Loamy sand 

pH (0.01M CaCl2) 5.4 5.7 

Total N (gkg-1) 2.3 1.8 

Organic C (gkg-1) 16.6 8.45 

Available P (mgkg-1) 24 19 

Available S (mgkg -1) 3.59 3.31 

Available Fe (mgkg -1) 

Available Zn (mgkg -1) 

Exchangeable Ca (cmolkg-1) 

98.30 

8.87 

1.78 

86.08 

3.36 

1.30 

             “            Mg  “ 0.49 0.43 

              “           K      “ 0.48 0.40 

               “          Na    “ 0.11 0.10 

-fertility class (Sobulo and Adepetu, 1987; Adepetu, 
1990). The available P was high at the rainforest and me-
dium at the derived savanna. The available S in the two 
agro-ecologies was low (Adetunji and Adepetu, 1987).  
Exchangeable Ca, Mg, K, and Na was higher than the crit-
ical levels (0.03 cmol kg-1) established for maize in the 
region (Adepetu et al., 2014). The Fe content in the soil of 
both locations was very high while Zn was high in Ilesha 
(8.87 mg kg-1) and Ogbomoso (3.36 mg kg-1) falls within 
the medium range. 

 

3.2. Effect of time and fertilizer rates on the fresh yield of 
Solanum macrocarpon at the two agro-ecologies. 

Table 2 shows that the fertilizer treatment using microdos-
ing technology had a significant effect on the fresh yield 
of S. macrocarpon. The application of organic and inor-

ganic fertilizer (20,40 and 60 kg N ha-1) significantly in-
creased yields, though not significantly different from the 
yields obtained with 80 kg N ha-1, compared to the control. 
This is in line with the findings of Liu et al. (2013) and 
Ibrahim et al. (2015) who reported that the application of 
organic and inorganic fertilizer under micro-dosing accel-
erates the improvement of soil fertility and significantly 
improves crop yields in the short term. Furthermore, 
Akintoye et al. (2006) reported that the use of inorganic 
fertilizer alone is not sustainable for the production of S. 
macrocarpon. Furthermore, this result substantiated the 
findings of Ncube et al. (2007) that more considerable 
average gains could be obtained by combining nitrogen 
fertilizer with a basal application of manure and Twomlow 
et al. (2010) reported significant increases in cereal grain 
yield with 17 kg N ha-1 (approximately 25 % of recom-
mended levels) compared to recommended rates of 55 kg 

Table 2: Effect of time and fertilizer rates on the fresh yield of Solanum macrocarpon at the two agro-ecologies 

 

Fertilizer 

Rate   

(kg ha-1) 

 DERIVED SAVANNA 

T1                         T2                           Mean   

(kg ha-1) 

 RAINFOREST 

T1                           T2                      Mean   

(kg ha-1) 

0 333b 1042 604b 417b 511 1750b 

20 4583a 4188 1104ab 1229ab 1167 3792ab 

40 1417ab 2438 1833a 750ab 1292 3458ab 

60 1333ab 3042 1771ab 1292ab 1532 4750a 

80 2167ab 2396 775ab 1708a 1242 2625ab 

Mean 1967 2621 1218 1079 1149 3275 

LSD 3137     - 1038 1140     - 2142 

Means with the same alphabets are not significantly different from each one at p ≤ 0.05. LSD - Least Significant difference. Where, 0 
– Organic fertilizer (OF) only, 20 – OF + 20 kg N ha-1, 40 – OF + 40 kg N ha-1, 60 – OF + 60 kg N ha-1, 80 – 80 kg N ha-1 only. T 1 – 
Fresh yield at planting, T 2 - Fresh yield at 2 WAP. 

Oluwaponle et al. Colloquia SSSN 44 (2020) 449-456 



452 

ha -1 under micro-dosing. In this study, significant increas-
es in the yield of the vegetables with 20 kg N ha-1 was 
observed compared to recommended rates of Nafiu et al. 
(2011) who established that 30 kg N ha-1 is optimum for S. 
macrocarpon production. Although, the time of applica-
tion did not have a significant difference on the yields of 
S. macrocarpon; it was observed that application at 2 
WAP was more favourable at the derived savanna while 
the application at AAS was favourable at the rainforest. 
This result is in line with the findings of Hayashi et al. 
(2008). 

3.3. The effect of fertilizer rate and time of application on 
the availability of soil P to S. macrocarpon. 

Table 3 shows that the fertilizer treatment at both locations 
had no significant effect on the uptake of phosphorus. Fol-
lowing the same trend with the yield, fertilizer rate at 20 
kg N ha-1 gave the highest uptake value. Also, the highest 
P uptake was observed at the derived savanna compared to 
the rainforest, and this can be attributed to the fact that 
soils in the rainforest are richer in nutrient compared to 
those in the derived savanna which are fragile and low in 
organic matter content (Abiala, 2013) hence, the higher 

response to fertilizer treatments at the derived savanna 
compared to the rainforest zone. Photosynthetic reactions 
are dependent on temperature (Azam-Ali, 2013); with 
higher exposure to solar radiation and less cloud cover, 
increased N and assimilation will be expected. Although 
no significant differences were observed at the time of 
fertilizer application, application time at 2 WAP was fa-
vourable for higher P uptake at the derived savanna while 
AAS was favourable at the rainforest. This can be attribut-
ed to varying climatic conditions that exist across ecologi-
cal zones which is in line with the findings of Hamden and 
Fadni, (2010). 

3.4. The effect of fertilizer rate and time of application on 
the availability of soil P to S. macrocarpon. 

Table 3 shows that the fertilizer treatment at both locations 
had no significant effect on the uptake of phosphorus. Fol-
lowing the same trend with the yield, fertilizer rate at 20 
kg N ha-1 gave the highest uptake value. Also, the highest 
P uptake was observed at the derived savanna compared to 
the rainforest, and this can be attributed to the fact that 
soils in the rainforest are richer in nutrient compared to 
those in the derived savanna which are fragile and low in 
organic matter content (Abiala, 2013) hence, the higher 

Means with the same alphabets are not significantly different from each other at p ≤ 0.05. Where, 0 – Organic fertilizer (OF) only, 20 
– OF + 20 kg N ha-1, 40 – OF + 40 kg N ha-1, 60 – OF + 60 kg N ha-1, 80 – 80 kg N ha-1 only; T 1 – phosphorus availability at plant-

 

Fertilizer 

Rate   

(kg ha-1) 

 DERIVED SAVANNA 

T1                         T2                           Mean   

(kg ha-1) 

 RAINFOREST 

T1                           T2                      Mean   

(kg ha-1) 

0  0.02a  0.33 0.05 a 0.03 a  0.04  0.64 a 
20 3.50a 2.85 0.13 a 0.27 a 0.20 2.21 a 
40 0.32a 0.88 0.38 a 0.08 a 0.23 1.45 a 
60 0.33a 1.38 0.36 a 0.16 a 0.26 2.44 a 
80 0.56a 0.67 0.11 a 0.30 a 0.21 0.80 a 
Mean 0.95 1.23 0.21 0.17 0.19 1.51 
LSD 3.30  0.34 0.33   1.86 

Table 3: The effect of fertilizer rate and time of application on the availability of soil P to S. macrocarpon 

Means with the same alphabets are not significantly different from each other at p ≤ 0.05. Where, 0 – Organic fertilizer (OF) only, 20 
– OF + 20 kg N ha-1, 40 – OF + 40 kg N ha-1, 60 – OF + 60 kg N ha-1, 80 – 80 kg N ha-1 only; T 1 – phosphorus availability at plant-

 

Fertilizer 

Rate   

(kg ha-1) 

 DERIVED SAVANNA 

T1                         T2                           Mean   

(kg ha-1) 

 RAINFOREST 

T1                           T2                      Mean   

(kg ha-1) 

0  0.02a 0.64 a 0.33 0.05 a 0.03 a 0.04 
20 3.50a 2.21 a 2.85 0.13 a 0.27 a 0.20 
40 0.32a 1.45 a 0.88 0.38 a 0.08 a 0.23 
60 0.33a 2.44 a 1.38 0.36 a 0.16 a 0.26 
80 0.56a 0.80 a 0.67 0.11 a 0.30 a 0.21 
Mean 0.95 1.51 1.23 0.21 0.17 0.19 
LSD 3.30 1.86  0.34 0.33   

Table 3: The effect of fertilizer rate and time of application on the availability of soil P to S. macrocarpon 

response to fertilizer treatments at the derived savanna 
compared to the rainforest zone. Photosynthetic reactions 
are dependent on temperature (Azam-Ali, 2013); with 
higher exposure to solar radiation and less cloud cover, 
increased N and assimilation will be expected. Although 
no significant differences were observed at the time of 
fertilizer application, application time at 2 WAP was fa-

vourable for higher P uptake at the derived savanna while 
AAS was favourable at the rainforest. This can be attribut-
ed to varying climatic conditions that exist across ecologi-
cal zones which is in line with the findings of Hamden and 
Fadni, (2010). 

Although, the time of fertilizer application had no signifi-
cant effect on P uptake; higher uptake, attributed to well-
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established root hairs and well-decomposed organic mate-
rial, was observed at the derived savanna with the applica-
tion at 2 WAP while higher P uptake was obtained at 
AAS, owing to higher precipitation and soil type, at the 
rainforest zone. 

3.5. The effect of fertilizer rate and time of application on 
the availability of soil S 

to S. macrocarpon  

Table 4 shows the effect of fertilizer rate and time of ap-
plication on the availability of soil S to S. macrocarpon. 
The fertilizer rate had no significant effect on S uptake by 
the vegetable. Sulphur uptake increased with increasing 

fertilizer rate, but the highest uptake was obtained with 
treatment with 20 kg N ha-1 while the control had the least 
uptake by S. macrocarpon. The time of fertilizer applica-
tion had no significant effect on the uptake of S at both 
locations. The application at 2 WAP was favourable for S 
uptake at the derived savanna while AAS was favourable 
for the uptake of S at the rainforest. A slight decline in S 
uptake, similar for P uptake, was observed with the appli-
cation of 80 kg N ha-1 though not significantly different 
from 60 kg N ha-1. This result is in line with the findings 
of Islam et al. (2011), who observed that higher nutrient 
uptake (N, P, K and S) by radish-stem-amaranth was sig-
nificantly influenced by the integrated treatment of organic 

and inorganic fertilizers. Moreover, Wilkinson et al. 
(2000) and Fageria, (2009) explained that the addition of 
nitrogen could increase P concentration in plants by in-
creasing root growth and by increasing the ability of roots 

to absorb and translocate P. Also, the acidifying effect of 
N fertilizers could enhance N concentration in plants 
(Malhi et al., 1988) and P solubility in soil (Prasad and 
Power, 1997) which improves photosynthetic efficiency 

Means with the same alphabets are not significantly different from each other at p ≤ 0.05. Where, 0 – Organic fertilizer (OF) only, 20 
– OF + 20 kg N ha-1, 40 – OF + 40 kg N ha-1, 60 – OF + 60 kg N ha-1, 80 – 80 kg N ha-1 only; T 1 – sulphur availability at planting, T 
2 - sulphur availability at 2 WAP. 

 

Fertilizer 

Rate   

(kg ha
-1

) 

 DERIVED SAVANNA 

T1                         T2                           Mean   

(kg ha-1) 

 RAINFOREST 

T1                           T2                      Mean   

(kg ha-1) 

0  0.11b 0.30 0.18a  0.07ab 0. 12 0.49b 

20  1.26a 1.28  0.32 a  0.37ab 0.35  1.30a 

40  0.52ab 0.76  0.51 a  0.21ab  0.36  1.00ab 

60  0.45ab 0.89 0.47 a  0.31ab 0.39  1.33a 

80  0.65ab 0.66 0.23 a  0.43a 0.33  0.68ab 

Mean  0.60 0.57 0.34  0.28 0.31  0.96 

LSD  0.82   0. 33  0. 31   0.65 

Table 3: The effect of fertilizer rate and time of application on the availability of soil P to S. macrocarpon 

Means with the same alphabets are not significantly different from each other at p ≤ 0.05. Where, 0 – Organic fertilizer (OF) only, 20 
– OF + 20 kg N ha-1, 40 – OF + 40 kg N ha-1, 60 – OF + 60 kg N ha-1, 80 – 80 kg N ha-1 only; T 1 – Iron availability at planting, T 2 
– Iron availability at 2 WAP. 

 

Fertilizer 

Rate   

(kg ha-1) 

 DERIVED SAVANNA 

T1                         T2                           Mean   

(kg ha-1) 

 RAINFOREST 

T1                           T2                      Mean   

(kg ha-1) 

0 21.08b 97.11b 59.10      53.83ab    20.47a 35.67 

20 189.25a 306.03a 247.64      79.17a    39.85a 59.51 

40 86.71ab 196.46ab 141.58      53.33ab     23.92a 38.63 

60 80.87ab 214.98ab 147.92      56.11ab    50.13a 53.12 

80 121.44ab 136.80ab 129.12      36.58b    50.62a 45.93 

Mean 99.87 190.28   55.85 37.30   

LSD        

Table 5: Effect fertilizer microdosing rate and time of application on the availability of soil Fe (g ha-1) to Solanum macrocarpon 

and nitrogenous metabolism by enhancing the synthesis of 
new chloroplast thylakoids (Menghini et al., 1998) these 
results in increased assimilation of P and S (Osman, 2013) 
as observed in this study. 

3.6. Effect of fertilizer rate and time of application on the 
availability of soil Fe (g ha-1) to Solanum macrocarpon. 

Table 5 shows the effect of fertilizer rate and application 
time on the availability of soil Fe (g ha-1) to S.  macrocar-
pon. Fertilizer application rate at 20 kg N ha -1 had the 
highest average Fe uptake while the control had the least 
uptake by S. macrocarpon at both locations. 
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The time of fertilizer application had no significant effect 
on the uptake of Fe at both locations. The application at 2 
WAP was favourable for Fe uptake at the derived savanna 
while AAS was favourable for the uptake of Fe at the rain-
forest. A slight decline in Fe uptake, similar for P and S 
uptake, was observed with the application of 40, 60 and 80 
kg N ha-1 though not significantly different from each oth-
er. This result is in line with Fageria (2014), who reported 
that the application of nitrogen fertilizer decrease soil pH 
and hence, might increase Fe uptake.  Also, the findings of 
Kutman et al. (2011) on wheat plant revealed that N-
application enhanced the uptake of Fe. 

3.7. Effect fertilizer rate and time of application on availa-
bility of soil Zn to S. macrocarpon. 

Table 6 shows that the combined application of organic 
and inorganic fertilizer increases the availability of Zinc 
(Zn). Fertilizer rate at 20 kg N ha-1up till 80 kg N ha-1 sig-
nificantly increased Zn uptake compared to the control 
treatment, which had the least uptake at both locations. 
The time of fertilizer application had no significant effect 
on the uptake of Zn at both locations though application at 
2 WAP was favourable for Zn uptake at the derived savan-
na while AAS was favourable for the uptake of Zn at the 
rainforest. This result disclosed that as fertilizer increased, 
Zn uptake also increased which was in line with the study 
of Fageria and Baligar, (2005) who reported that N fertili-
zation significantly increased Zn uptake in the shoot of dry 
bean. 

4.0 Conclusion  

This study concluded that using microdosing technology 
increases yield and availability of soil P, S, Fe and Zn for 
Solanum macrocarpon production at optimum fertilizer 
rate of 20 kg N ha-1 in southwest Nigeria. The time of fer-
tilizer application had no significant effect on yield and 
availability of P, S, Fe and Zn by S. macrocarpon, a  de-
layed timing (2 WAP) are therefore recommended. 
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