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Soil properties and nutrient uptake of coffee seedlings as influenced by NPK
fertilizer formulationsin Ibadan, Southwest, Nigeria
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ABSTRACT

A greenhouse study was carried at Cocoa Researstituta of Nigeria, Ibadan (Laf725'N
Long. 3 25'E) in 2010 to evaluate the effect of NPK fertiliZermulations on the nutrient uptake of
coffee seedlings and soil physical and chemicagpgntes in Ibadan, Southwest Nigerfde treatments
consisted of NPK-liquid fertilizer (20: 2: 4 + TEpplied at rate 5 and 10mis/15 litres of water HfdK-
solid fertilizer (15:15:15) applied at 1, 3 and &gffee seedling) and a control (no fertilizer apation).
The six treatments were replicated three timesaorapletely randomized design and data on growth of
coffee seedlings were taken for six months. Reshitsved that all the fertilizers irrespective diesaof
application and types of NPK formulatiorshanced the nutrient uptake of coffee seedliniggive to
control. Leaf N-uptake was significantly (P=0.05) enhandee to application of NPK liquid
fertilizer applied at 5mls/15 litres of water comge to the control and NPK liquid fertilizer
applied at 10mls/15litres of water. Similarly, theaf-P uptake was improved significantly
(P=0.05) as a result of application of NPK solighlagrl at 5g/stand of coffee seedling compared
to the control and other treatments. The leaf Kakptalso followed a similarly trend in which
solid NPK fertilizer at 5g/plant consistently proted (P=0.05) the K-uptake of coffee seedlings
compared to liquid NPK applied at 10mls/15L of wafEhe pH of the soil was significantly
(P=0.05) affected as a result of application ofiiligNPK fertilizer at 5mls and 10mls /15 litres
of water compared to NPK solid fertilizer. The angacarbon was not significantly (P=0.05)
influenced as a result of NPK fertilizer formulatg The organic carbon decreased in the order
of 1g NPK solid< 3g NPK solid<control< 5mls NPK diigi< 10mis NPK liquid. The total N in
the soil was not significantly affected as a res@ilINPK fertilizer types applied. The total N in
the soil was significantly (P=0.05) higher than ather treatments situations where NPK
fertilizers were appliedThe improved growth and nutrient uptake of coffeedlings through the use
of NPK fertilizer formulations particularly liquilPK provides alternative fertilizer options to faare as

a means of promoting crop productivity.
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INTRODUCTION

.Coffee is an important export crop traded globalh is a major foreign exchange earner for
many African and South American countries (1). igé¥ia, Robusta coffeeCpffea canephora
Pierrie ex. Froehner) constitutes up to 96%, whitabica Coffea Arabica Linus) is less than
4% (2). Coffee was important for the Nigerian eagogoand for the livelihoods of its many
farmers between 1960s and the 1980s. The low praemainly as a result of internationally
primary processing method in Nigeria. Productiorthfer declined due largely to old age of
plantations, poor yield resulting from poor plagtimaterials, pests and disease attack. The
market situation became worse for farmers in 19&®&r athe abolition of the Nigerian
Commodity Board. The resultant effects are enormwhligh include, Nigerian coffee farmers
live in abject poverty owing to poor farm gate praf the commodity, farm abandonment among
others. The lack of government attention for coffaemers on training, rehabilitation and
distribution of improved materials make the pressenario. In addition, policy support such as
compelling Nestle Nigeria Limited to buy Nigerianfiee and build model wet processing in
major coffee growing areas are lacking. Curreritlg, coffee market is to take advantage of this
positive trend, there is need to assist the coffemers to increase yield through efficient
production methods particularly the use of inorgdetrtilizers such as NPK fertilizers to boost
its production. Fertilizers are applied to soilsoirder to maintain or improve yields. Fertilizer
additions can also have physico-chemical effectghvimfluence soil aggregation (3). Most soils
upon which coffee is grown are generally poor irrieats such as nitrogen, phosphorus and
potassium (4). In Nigeria, different NPK formulai®(liquid and solid) are seen in the markets
and they are being utilized by farmers for bothberaand some tree crops production. Liquid
fertilizers are mostly foliar fertilizers that cam high purity NPK and trace elements. Efficient
fertilizers and fertilization methods have becorne sole answer to large growing demand for
efficient farm produce. One of the most importaaltenges facing advanced and progressive
farmers is to provide crops with the optimal quintf nutrients in the most cost-efficient
manner possible. For intensive high yield and dqualiop production, the best ever answer to
this challenge is foliar spray nutrition where dméufertilizers are delivered to crops through
foliar spray feeding system and thus ensures plamtients such as nitrogen, phosphorous,
potash and micronutrients are directed to the plammiugh foliage in well balanced proportion
(5). Foliar spray is a well-established tool to gement and to enrich plant nutrition. Countries
like China, Vietham and Indonesia have found ligigdilizers very helpful in increasing crop
productivity particularly tree crops. Nitrogen i anportant structural component of many
compounds necessary for plant growth and develop(6gnit is also necessary for carbohydrate
utilization, growth and development. Phosphorua isey element in the establishment of new
plantations. However, in tropical countries wheoéfee is cultivated, phosphorus is often the
limiting nutrient. In fact, coffee soils contain widant phosphorus, but most of it fixed and
unavailable to the plants. Sound management of asuil other resources plays key role in
productivity. Phosphorus plays a significant rate gell division and root development (7).
Potassium is vital for cell division, formation at@nslocation of carbohydrates, activator of
several enzymatic systems, and regulation of osmosicontrol of water in the plant and
enhances the resistance of some plants to celtggasks and insects attack. Hence, this study
evaluated the effect of NPK fertilizer formulatioos the nutrient uptake of coffee seedlings and
its implications on the physical and chemical prtips of the soil.
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MATERIALSAND METHODS

The study was carried at Cocoa Research Institufdigeria, Ibadan (Lat%25'N, Long. 3 25'E) in
2010 to evaluate the effect of NPK fertilizer foraitions on the nutrient uptake of coffee seedlimgs
Ibadan, Southwestern Nigeria. The soil of Ibadadudsr the study has been classified as Ferricdalsi

(8) FAO) and lbadan series (9) Smyth and Montgojnifing on 122m above sea level. Top soil (0-
30cm depth) was collected within the coffee plaotet at Ibadan and was air-dried and sieved using
2mm sieve. The sieved soil was mixed with gutter sand at 50:&ib and placed in five
kilogrammes plastic buckets. The set-up was wdtanel allowed to equilibrate at field capacity
for 48 hours.The treatments consisted of NPK-liquid fertiliz&0( 2: 4 + TE) applied at rate 5 and
10mis/15 litres of water and NPK- solid fertilizg5:15:15) applied at 1, 3 and 5g/coffee seedlang) a
control (no fertilizer application). The six treanis were replicated three times in a completely
randomized design and data on growth of coffeelsgmdwere taken for six months. The treatments
were applied to two months old-coffee seedlingo{leaf stage) in the greenhouse. The coffee segdlin
that received NPK liquid fertilizer treatments wesgrayed with the fertilizer dissolved in water and
allowed to run freely while the solid NPK fertilizevas applied in a ring form at the base of each
seedling. The six treatments were replicated tkirees in a completely randomized design (CRD) and
data on growth of coffee were taken for six monthigatering was done regularly thrice a week. At the
end of the experiment, destructive sampling wasedomd plant materials were separated into leaf) ste
and roots and soil samples collected from each éduftk chemical analysis. The fresh plant samples
were oven-dried at 7€ to a constant weight for the dry matter yieldbéoobtained.

Phosphorus determination in plant samples.

The oven-dried samples were milled in an electiitand nutrient analysis carried out for major
nutrients in the leaves, stems and roots. Millethpsample (0.55 g) was digested using tecator
digestion system in a 70 ml Pyrex digestion tubee mnillilitres of HNO;.HCO; reagent (2:1
v/v) were added into each tube under a fume chamberallowed to stand overnight at room
temperature. The tubes were then transferred ilmiaium digestion block inside the fume
chamber at a temperature of %0 The digestion was allowed for one and a halfrfi@md the
tubes removed, allowed to cool and 30 ml of dedillvater was added into each tube. Stirring
was done with vortex mixer and the content of gatie made up to 75 ml mark with distilled
water. Phosphorus concentration was measured eatically using vanado-molybdate method
with a Jennway model colorimeter at 882 um waveleng

Total N determination in plant samples.

Total N determination was carried out by weighing40g of milled plant samples into 75 ml
digestion tubes, 3.0 ml conc,&0, and 2.0 ml of HO, were added. The mixture was allowed to
stand till the reaction ceased. The reaction twbex® placed on pre-heated digestion block at
370 °C for 20 minutes with full end plates. After co@in20ml distilled water was added to
make up to 70 ml mark. Thorough shaking was donmsrting the digestion tube end-to-end.
Total N (NH-N) was determined colorimetrically using the Tecbn Autoanalyser 11 (10).

K determination in plant samples.

Finely ground plant samples (0.55g of leaf, sterd awot) were placed in 30-ml porcelain
crucible. The samples were ignited for 7 hours t@naperature of 458C and not exceeding 500
°C. Greyish-white ashes were cooled on top of asbesteet and 5ml of 1 N HN®olution was
added. This was evaporated to dryness on a stedmabd returned to the furnace and heated at
400°C for 10 minutes until a perfectly white ash wasaated. Ten millimetres 1 N HCI three
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times and made up to volume with 0.1 N HCI solugiofihe K-content of the sample was read
on a Jennway (PFP7 model) at 766 pm wavelength

Nutrient uptake of kola seedlings
The nutrient uptake was calculated as the prodiuthe nutrient concentration and dry matter
yield:  Uptake = Nutrient conc. X dry matter Ilgi¢11).

Soil analysis before planting

Samples of the soil used for the raising of coffeedlings was taken from the top soil (0-30cm),
air-dried and sieved for routine soil analysis. Taticle size analysis was done using the
hydrometer method (12). The soil pH (1:1 soil/wpteras determined using a glass/calomel
electrode system (13). The organic matter was whéned by the (14). The soil K, Ca and Mg
were extracted with IM NEDAC, pH 7 and their amounts determined on the flpmetometer
using appropriate element filters. The Mg conterdaswread on an atomic absorption
spectrophotometer (15). The exchangeable acidityafid Ak+) was measured from 0.01M KCI
extracts by titrating with 0.1M HCI (15). Percent\Wwas determined using the microkjedahl
method (13). Available P was extracted using BrayeRtractant and the extract was measured
with the Murphy-Riley blue method (13) on a spegitd20 instrument at 882 mm.

Soil analysis after the experiment
At the end of the study, soil samples were takemfeach plastic bucket, air-dried, sieved and
analysed for nutrient contents as described earlier

Satistical Analysis

Analysis of variance was performed on all data ést tthe treatment effect on different
parameters measured using a GenSt&Edtion. Least Significant difference (p<0.05)sussed
to separate the means.

RESULTSAND DISCUSSION

The physical properties of the soil indicated thla¢ sand, silt and clay fractions were
respectively 892, 143 and 165 g/kg soil (TableThe clay+ silt content of 308g/kg soil were
sufficient to hold enough water for sustainablef@®fplant growth and to guard against short
duration drought Egbet al. (17) cited by Ipinmorotet al. (18). The pH, organic carbon, total N
and available P were 6.5, 9.8g/kg, 2.0g/kg and 8/Rgsoil respectively. The exchangeable
cations (K, C&* and Md") of the soil were 0.5, 10 and 2cmol/kg soil. Tlod & sandy loam.
The pH of the soil was adequate for coffee productiThe soil is marginal in terms of nutrient
compositions particularly N, P and K (19,20). TheKIliquid fertilizer contained 20%, 2% and
4% for N, P, and K with some trace elements (TEpeetively while the solid NPK fertilizer
had 15% N, 15% P and 15% K (Table 2). NPK fertilifmrmulations had positive influence on
the nutrient uptake of coffee seedlings. The leafptbke was significantly (P=0.05) enhanced
due to application of NPK liquid fertilizer applieat 5mls/15 litres of water compared to the
control and NPK liquid fertilizer applied at 10mil§/litres of water (Table 3). This could be as a
result of its quick absorption through the leavebke when it is applied through the soil. This is
consistent with the views ¢faggai and Aliyu (5) while working on effects adywerplant liquid
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fertilizer and conventional NPK fertilizer on theogth and yield of maize. They found that
uptake of nutrients through foliage is considerdilster than through roots and foliar spray is
also the method of choice when prompt correctionugfient deficiencies is required. However,
application of NPK liquid fertilizer at 10mls/15Lf aater seemed to depress the nutrient uptake
of coffee compared to the control. Although the ofanturer's recommendation was 10mis/15
L of water for adult plants in the field particdlarfor cocoa and other fruit trees, this
recommendation might be excessive for seedlingish caused the depression in the growth of
coffee seedlingsHowever, the leaf-P uptake was improved signifiga(®P=0.05) as a result of
application of NPK solid applied at 5g/stand offeefseedling compared to the control and other
treatments. The leaf-K uptake also followed a snyl trend in which solid NPK fertilizer at
5g/plant consistently promoted (P=0.05) the K-uptak coffee seedlings compared to liquid
NPK applied at 10mis/15 litres of water. The sterd eoot N-uptake was significantly (P=0.05)
affected due to application of liquid NPK fertilizapplied at 5mls/15 litres of water compared to
the control and other treatments (Table B)e superior performance of NPK liquid fertilizen o
nutrient uptake of coffee seedlings could be aiteble to the presence of some trace elementsas it
claimed by the manufacturefhe P-uptake in the stem and the root of coffeellses was not
significantly affected by NPK fertilizer formulatis. The stem P-uptake ranged from 0.38 to
0.68mg/plant in the control and 5gNPK/plant respety while root P-uptake ranged from 0.24
in the control to 0.46 mg/plant in NPK solid fadér applied at 5g/plant. Similarly, the K-uptake
of stem and root of coffee seedlings was not sicamtly influenced by the application of NPK
fertilizers (Table 3). The stem K-uptake was in threler of 10mIsNPK liquid fertilizer <
control< 1gNPK solid < 3gNPK solid < 5mls NPK < BiPK solid. The trend in the root K-
uptake was not different from the stem K-uptakee Effect of NPK liquid fertilizer applied at
5mls/15 litres of water was comparable to NPK (I1%: 15) nutrient uptake of coffee seedlings.
However, earlier reports by Yaduvanshi (21) and miglen and Ojeniyi (22) both agreed that
application of NPK fertilizer generally enhancee tiutrient uptake of N, P and K of crops. This
might be due to the fact that some of the soil i@dphutrients were immobilized by soil micro-
fauna, soil organic matter and other edaphic factbereby making them unavailable to the
seedlings. This observation is consistent withehrier findings of Ibiremeat al. (23) in which
NPK fertilizer imposed depression on the growthapaaters of cocoa in the field.

NPK fertilizer formulations did not significantlyffact the textural compositions of the soil
(Table 4). This is in agreement with the views iearexpressed by Agbede (6) that textural
compositions of soil could not be affected withirsteort period as a result inorganic fertilizer
application. The mean values for sand, clay ariccsihpositions were 765, 139 and 96g/kg soill
respectively. Haynes and Naidu (3) opined thatiliiset additions can also have physico-
chemical effects which influence soil aggregati¢ttowever, the pH of the soil was significantly
(P=0.05) affected as a result of application ofiililgNPK fertilizer at 5mis and 10mls /15 litres
of water compared to NPK solid fertilizer. This @bube attributable to crop removal which
induces replacement anions with Tl Fe and Al. This observation is consistent on wtiesv
expressed by Law-Ogbomo and Osaigbovo (24). Thanicgcarbon was not significantly
influenced as a result of NPK fertilizer formulaigo(Table 4). The organic carbon decreased in
the order of 1g NPK solid < 3gNPK solid < controbmls NPK liquid < 10mis NPK liquid. The
total N in the soil was not significantly affectad a result of NPK fertilizer types applied. The
total N in the soil was significantly (P=0.05) heghthan all other treatments situations where
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NPK fertilizers were applied. The reason for thend is not easily discernible. The available P
in the soil was significantly (P=0.05) increasedaasesult of NPK-solid applied at 3 and 5
g/plant compared to the control and other treatme€rtte exchangeable K also followed similar
trend in which NPK solid fertilizer applied at 3cab g/plant increased the soil exchangeable K
significantly. (P=0.05) compared to other treatrseifitis may be as a result direct application of
solid NPK to the soil particularly when the K testiue is not critically deficient as the case of
this soil being used for this investigation. Thecrease in the total N, available P and
exchangeable K values is consistent with the figsliof Yaduvanshi (21). The soil C:N ratio was
also significantly (P=0.05) affected by the appima of NPK liquid fertilizer at 10mls/15 litres
of water compared to the control and the NPK si@itlizer (Table 4).

Conclusion

The improved growth and nutrient uptake of coffeediings through the use of NPK fertilizer

formulations particularly liquid NPK provides altettive fertilizer options to farmers as a means of
promoting crop productivity. Liquid NPK fertilizecould easily be applied in combination with other
agro-chemicals such as fungicisdes and insectiewtésut increasing the cost of production.

Table 1: Physical and chemical characteristics of soil used

Soil Properties Unit Value
Physical

Sand gkd 748.00
Silt “ 113.00
Clay “ 138.08
Textural class Sandy loam
Chemical

pH(H:0) 1:1 - 6.08
Organic carbon gky 3.50
Total Nitrogen “ 0.60
C:N 7.25
Available phosphorus mgkg* 9.60
Exch. Bases

K* cmolkg? 0.12
ce’ “ 8.09
Mg** “ 0.91
Na" “ 0.19
Exch. Acidity

Mn?* mgkg* 0.13

Al® « 0.13



H* “ 0.04
Base saturation % 96.00
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241  Table2: Chemical composition of Fertilizer materials used for the study
Fertilizer materials Chemical composition (%)

N P K Ca

NPK(Liquid)+ TE 20 2 4 -

NPK(Solid) 15 15 15 -

242  TE- Trace Elements
243  Table3: Nutrient Uptake of coffee seedlings asinfluenced by NPK fertilizer formulations

244 in Ibadan, Southwestern Nigeria
Treatment  Leaf Nutrient Uptake Stem Nutrient Uptake Root Nutrient Uptake
(mgplant’) (mgplant’) (mgplant’)
N P K N P K N P K
Control 90.80 1.28 209.70 26.43 0.38 51.45 17.17 0.24 40.12

5mis NPK-L 143.90 1.45 206.90 56.28 0.56 67.95 37.65 0.38 54.56
10mIsNPK-L 87.10 1.59 185.80 26.24 0.47 46.65 1691 0.31 36.08
1g NPK-S 123.60 1.79 235.20 34.97 050 5545 23.68 0.34 45.32
3gNPK-S 106.50 1.71 288.80 27.46 0.43 62.10 16.34 0.26 44.08
S5gNPK-S 123.90 2.43 319.40 3593 0.68 7550 24.00 0.46 64.24
LSD(0.05) 48.56 0.87 95.40 14.07 0.36 39.15 14.10 0.22 28.56
CV (%) 8.90 9.10 10.78 6.50 6.00 5.00 3.40 400 4.56
245 NPK-L (20-2-4+TE liquid fertilizer), NPK - S(NPK 15-15-15 solid fertilizer

246 Table4: Soil physical and chemical propertiesasinfluenced by NPK fertilizer

247 formulationsin Ibadan, Southwestern Nigeria
Treatment Soil physical properties Soil chemicalparties
Sand Clay Silt pH Org.C TotalN Avail. P Exch.K C:N
gkg® okg'  gkg' gkg® gkg® mgkg® cmolkg
Control 748.00 139.20 112.80 6.08 0.35 0.06 9.60 0.12 7.25
5mis NPK-L 768.00 139.20 92.80 6.23 0.37 0.04 8.60 0.09 9.00
10mIsNPK-L 768.00 139.20 92.80 6.20 0.46 0.03 9.30 0.10 15.88

1g NPK-S 768.00 139.20 92.80 6.01 0.26 0.03 14.40 0.15 8.33



39 NPK-S 768.00 139.20 92.80 5.79 0.32 0.04 21.70 0.18 11.30

59 NPK- S 768.00 139.20 92.80 5.38 0.39 0.03 28.80 0.21 13.78
LDS(0.05) 5.04 4.89 4.88 0.38 0.21 0.03 12.62 0.21 6.55
CV (%) 2.50 2.50 2.02 340 282 36.3 30.30 11.20 .6@8

248  NPK-L (20-2-4+TE liquid fertilizer), NPK - S(NPK 15-15-15 solid fertilizer)
249

250 REFERENCES

251 1. Montagnon C Guyot B, Cilas C. and Leroy T. Genptdtameters of several

252 biochemical compounds frgraeen coffee, Coffea canephdpbant Breed

253 1998. 117:576-578.

254 2. Omolaja, SS. Caffeine phenol and protein conteftthioty seven clones of Nigerian
255 Robusta coffe€offea canephora Pierre ex Froeehnedournal of Applied

256 Horticulture Malaysia. 2009. 11 (2): 30-34.

257 3. Haynes, RJ and Naidu, R . Influence of limetilfeer and manure applications on soil organic
258 matter content and soil physical conditions: aes\Wutrient cyling in Agro-ecosystems
259 1998. 51: 123-137.

260 4. Ibiremo, OS., Daniel, MA, Oloyede, AA and Ireem; GO. Growth performance of

261 coffee seedlings as ieflaed by Arbuscular mycorrhizal inoculation and
262 phosphate fertilizerdwo soil types in Nigeria.)nternational Research

263 Journal of Plant Science (2011a 2 (6): 160-165.

264 5. Haggai PT and Aliyu L. Effects of powerplant TMyjuid) and conventional NPK

265 fertilizer on the growthdayield of maize in Riyom, Plateau State, NigeNay.
266 J. Trop.Agric., 2006 852225.

267 6. Agbede, OO. Understanding Soil and Plant NotritSalman Press and Co. Nigeria Ltd

268 Keffi, Nasarawa State020147-159.

269  7.. Akande, MO; Adediran, JA; Oluwatoyinbo, FO; Nfade, EA and Adetunji, MT.

270 Suitability of poutry mane amended with Sokoto rock phosphate on the
271 growth, nutrient uptakelayield of chilli pepper (capcicum frutescence &4il
272 Science Society of Nige2D08. 18: 167-174.

273 8. Food and Agriculture Organization Guidelinesdoil description (5? Edition), FAO
274 Rome. 1990.
275 9. Smyth Al and Montgomery RBoil and land use in Cental and Western Nigeria.

276 Government Printer. Tlwegrnment of Western Nigeria. 1962: 256.
277 10. International Institute of Tropical Agricultu(dTA). Selected methods for soil and
278 plant analysis Manualie®no. 7, Ibadan, Nigeria. 1982.

279  11. Osonubi, O, Mulongoy, K. Awotoye, O. Atayese)DMand Okali, DUU..
280 Effects of ecto-mycorrhizal andicesar arbuscular mycorrhizal fungi on

281 drought tolerance of four leguminewsody seedlingsPlant and Soil 1991. 136:



282 131-143.
283 12. Gee, GW and. Bauder JW Patrticle size analysi&lute, A. (Ed.) Methods of Soil

284 Analysis, Part 1. Americaociety of Agronomy. Madison,.WI. 1986 9:91-100.
285

286 13. Ogunwale, JA and Udo EI . A laboratory mariaaebkoil and plant analysis.

287 Agronomy Department, Wrsity of Ibadan, Ibadan. 1998. 201-206.

288

289  14. AOAC (Association of Official Analytical Chentgy. Official methods of Analysis

290 15th ed. Arlington, Viinga, U.S.A 1990.

291 15. Igwe, CA. Zarei, M and. Stahr, K (2005). Minleaad elemental distribution in soils formed
292 on the River Niger flopthin, Eastern Nigeria. Australian Journ. Soil Resk
293 43:147-158.

294  16. Blakes, A and Hartge G Methods of soil analyBart ASA/SSSA.Madison,

295 Wisconsin1986. 363-375.

296 17. Egbe, NE.,Ayodele, EA. and Obatolu, CR..Saild BRlant Nutrition of Cocoa,

297 Coffee, Cashew, Kola dm@. Progress in Tree crops Research 1989. &8- 3
298  18. Ipinmoroti, RR, Iremiren, GO and Olubamiwa,@ilization of Cocoa Pod Husk and

299 NPK as nutrient sourcasgmwth and dry matter yield of Kola (Kola nitida)

300 seedlings in the greendeoul &' International Cocoa conference, 2009. . 1573
301 1578.

302

303 19. Cambrony, HR. Coffee Growing. CTA Publicatidime Tropical Agriculturist 13 1992.
304  Gonthier DJ., Witter JD., Spongberg AL and Phil@@M.. Effect of nitrogen

305 fertilization on caffeipeoduction in coffee (Coffea arabid@ahemoecol ogy
306 2011. 21:123-130D0OI 10.1007/s00049-011-0073-7

307 20. Wrigley G. Coffee Tropical Agriculture Seriégngman Scientific and Technical

308 Publishers 1988 : 639.

309 21. Yaduvanshi NPS. Effect of five years of Rickeeat cropping and NPK fertiloizer use with
310 and without organic and green manure on soil ptagseand crop yields in reclaimed sodic soil.
311  Journal of the Indian Society of Soil Science.2001. 49 (4) : 714-7109.

312 22. Adeniyan ON and Ojeniyi SO. Effect of poutrymuee, NPK 15-15-15 and combination of
313  their reduced levels on maize growth and soil clkampropertiesNigerian Journal of Soil
314  Science. 2005. 15: 34-41.

315 23.. Ibiremo, OS Fademi, AO and Adegboye, J. Ef¢dNPK Fertilizer Application

316 and Root Mat Pruningtbe Field Establishment of Cocoa in Ondo State,
317 Nigeri&@beche Journal 2011b30(1): 389-395, 2012; 1SSN 0078-2912.

318

319 24. Law-Ogbomo, KE and Osaigbovo, AU. Effect ofifezer types on the fruit yield of

320 Capsicum annum and thesrdual effect on soil chemical properties in Hdmi

321 UltisoNigerian Journal of Ssoil Science 2013. 30 (1): 171-177.



