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ABSTRACT
A field experiment was carried out at the Teaching and Research Farm of Joseph Sarwuan Tarka University, Makurdi, Benue State to evaluate the effects of phosphate fertilizer rates and time of application on the yield of groundnut.  Soil auger was used to collect samples from the field using simple random sampling method at a depth of 0 – 15 cm. The samples were collected at 12 different spots, bulked, and subsampled to arrive at a composite sample. The soil samples were air dried, crushed and sieved using 2 mm sieve and subjected to routine analysis using standard procedures, reagents and apparatus. Treatments consisted of five rates of phosphate fertilizer (0, 27, 54, 81and 108 kg ha−1) and three levels of time of application (2 weeks before planting, at planting and two weeks after planting) factorially combined to give 15 treatment combinations. The treatments were laid out in a Randomized Complete Block Design (RCBD) with three replications. The experimental area was cleared manually, ridged and the plots demarcated. Samnut 24 variety of groundnut was planted at the rate of 25kg ha-1.  The crop was grown to maturity and data was collected on yield parameters at harvest. Data collected was subjected to the analysis of variance (ANOVA) and where significant differences were observed among means, the least significant difference (LSD) was used to separate the means. Results indicated significant differences in yield parameters due to varying treatments of phosphate fertilizer, yield parameters increased with increased phosphate fertilizer application. Zero phosphate application (control) gave the least values, while 81 P2O5 kg ha-1 application gave the highest yield. Application of phosphate fertilizer at the time of planting gave the best yield hence recommended alongside application of 81 P2O5 kg ha-1.
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INTRODUCTION 	
Groundnut (Arachis hypogaea L.) Is a herbaceous, self-pollinated, dicotyledonous legume that belongs to the family leguminoseae and subfamily known as Papilionaceae (Reddy 2012). Groundnut is important cash and food grain crop grown for its edible oil and protein-rich kernels (Kamara et al., 2011). It is cultivated in the semi-arid and subtropical regions of the world and grown in nearly 100 countries on six continents (Ajeigbe et al., 2015). It is the world's greatest source of edible oil, ranking 13th among food crops and the world's fourth most significant oilseed crop (Ramanathan, 2001). Although groundnut is grown mainly for its seed, with some 40-50% oil content, all other plant parts are useful as food or animal feed (Ahmad et al. 2007). Arslan considered groundnut haulm as the most important of its byproducts that can be used to supply feed to livestock and its hay providing extra income to smallholder farmers (Arslan, 2005).
Groundnut (Arachis hypogaea L.) originated in Southern Bolivia and Northern Argentin (Uguru, 2011). Nigeria is the major producer of groundnuts in West Africa, accounting for 51% of total production. The country generates 10 % of total global production and 39 % of African production (Ajeigbe et al., 2015). Land area put to groundnut production annually in Nigeria is estimated at 0.8 - 1.5 million hectares. Farmers' yields of groundnut range between 500 – 700 kg ha-1 of dry (unshelled) pods. With improved practices, the yield range is 2,500 - 3,000 kg ha-1 of pods (Chude et al., 2012). One of the important factors influencing the production of crops in the tropics is soil fertility such that soil productivity is hampered by the deficiencies of nutrients such as nitrogen, phosphorus, and potassium (Wandahwa PI et al. 2006) A good crop production would depend upon the time and amount of fertilizer application. 
Phosphorus is one of the most essential nutrient elements needed by all leguminous plants for their growth and development (Chude et al., 2012). In groundnut, Phosphorus is known to play important role in increasing root growth, nutrient and water use efficiency, and also in enhancing yield. it is also important in groundnut production because of its large effects on seed oil content, and as such, phosphorus in excess or deficiency may reduce oil percentage (Afridi et al. 2002). However, it has been observed to be a major fertility problem limiting crop production in tropical soils (Chude et al., 2002). The requirement of phosphorus in nodulating legumes is higher when compared to non-modulating crops. Due to the important role played by phosphorus in the physiological processes of plants, application of phosphorus to soil deficient in the nutrient leads to increased groundnut yield. Although legumes can fix their nitrogen, they often need phosphorus for proper growth and yield (Asiedu et al., 2000). The need for crops for various fertilizers during growth and development is not the same, takes different time. Furthermore, it is stated that the plants along the growth there are times when the plants require an intensive exchange of substances for good growth. Thus, it is clear that fertilization should not be done at any time, producers should pay attention to the time required and the different nutrient deficiencies in the state of deficiency (Sutejo et al. 2010)
Inappropriate management of soil resources compromises soil fertility and contributes to declining nutrient deficiency especially, phosphorus which has been identified as a limiting factor for groundnut production (Compares et al. 2011). Proper doses of phosphorus fertilizer have a vital effect on the yield of groundnut (Brady and Well, 2002). Therefore, this study is carried out to determine the response of groundnut to phosphate fertilizer rates and time of application on growth and yield in Makurdi.
MATERIALS AND METHODS
Experimental Site
The study was conducted at the Research Farm of Joseph Sarwuan Tarka University Makurdi, in the Southern Guinea Savannah Zone of Nigeria Latitude 70 47’36’’N and longitude 80 37’ 10’’ and 479 m above the sea level. The study area is warm tropical climate characterized by wet and dry season. The wet season last from April to October with annual rainfall of about 1137 mm. though the rain is subjected to seasonal variation usually leading to either early or late rainfall.
Experimental Treatments and Design
The experiment consisted of four levels of phosphate fertilizer as shown below:    Control
27 kg P2O5/ha
54 kg P2O5/ha
81 kg P2O5/ha
The treatments were laid out in a Randomized Complete Block Design (RCBD) and replicated 3 times. There was a total of 36 plots and each plot consisted 3 ridges of dimension 4 x 3 cm. The alley way between replications and between treatments were 1m respectively.
Land Preparation and Planting
The land was cleared manually using cutlasses and ridges made using hoes. Samnut 25 variety of groundnut were sown 2 seeds per hole at a spacing of 75 x 20 cm.
Cultural Practices
All necessary cultural practices were carried out as at when due. Fertilizers were applied at planting. In addition to the phosphate fertilizer which were applied before planting, at planting and after planting. Basal application of nitrogen and potassium fertilizers were applied in the form of urea and MOP at the recommended rates. 
Soil Sample Collection and Analysis
Prior to planting soil auger was used to collect samples from the field using simple random sampling method at a depth of 0 – 15 cm. The samples were collected at 12 different spots, bulked, and subsampled to arrive at a composite sample. The soil samples were air dried, crushed and sieved using 2 mm sieve. The samples were subjected to routine soil analysis using standard instruments and procedures at the Advanced Analytical Laboratory of the Department of Soil Science.
Particle Size Distribution
This was determined using Bouyoucous (Hydrometer) method as describe by Udo et al. (2009) fifty grams of the soil was treated with 50 ml of 5 % Calgon (sodium hexametaphosphate) to aid dispersion. The treated samples were stirred for 15 minutes. The dispersed suspension was the transferred into a glass cylinder and the cylinder filled with distilled water to mark, after that, the top of the cylinder was covered with hand and inverted several times until the dispersion was properly mixed. A plunger was also used to ensure proper stirring of the suspension. Hydrometer and thermometer reading were taken at intervals after mixing to determine the percentage composition of the suspended materials. The first hydrometer reading was taken at 40 seconds and this measured the amount of slit and clay in suspension. The second reading was taken after 3 hours and this indicated the percentage of total clay suspension.
The percentage composition of sand, silt and clay was determined using the formula below;
%Sand = 100 {H1 + 0.2 (T1 – 68) – 2.0} 2
%Clay = {H2 - 0.2 (T2 – 68 ) – 2.0}
%Silt = 100 (% sand + % clay) ……………….. (1)
Where;
H1 = first hydrometer reading at 40 seconds
T1 = first thermometer reading 40 seconds
H2 = second hydrometer reading after 3 hours
T2 = second thermometer reading after 3 hours
Soil pH
The soil PH was determined in 1:1 soil water suspension by glass electrode method (IITA, 1979). Ten grams (10g) of air dried soil sample (passed through 2mm sieve) was measured into a 50ml plastic beaker. Twenty (20) MI water was added and the suspension was allowed to stand for about 30 minutes and stirred occasionally with glass rod, after which the suspension was allowed to settle and electrode of the pH meter was inserted to measure to active acidity at a 1:1 ratio. The procedure was repeated using 0.01M calcium chloride solution at a ratio of 1:2.
Exchangeable Bases
This was determined by ammonium acetate extraction method as described by IITA (1979). The soil samples were shaken for two hours then centrifuged at 2000 rmp for 5 – 10 = 110 minutes after decanting into a volumetric flask, 3o ml of ammonium acetate was added again shaken for 30 minutes, centrifuged and the supernatant transferred into the volumetric flask. Ca and Mg were then determined using atomic absorption spectrometer (AAS) while EDTA extracts Na and K was determined using flame photometer.
Cation Exchange Capacity (CEC)
The CEC of the samples was determined using the procedures as described by IITA 1979 and modified by Anderson and Ingram (1996). The principle involves the saturation of the exchange site of the soil colloids with a known salt solution and displacement of the salt to determine the amount which equivalent to the total negative charges on the soil colloids. Potassium chloride (KCL) and neutral NH4O AC solution were used in the saturation - displacement method. A 2.5g of sample was taken into a 50ml centrifuge tube, 33ml of 1ml KCL was added and the suspension was taken for five (5) minutes. The tube was centrifuged to get a clear supernatant solution which was obtained. This was also discarded, the washing with alcohol was repeated two times to remove excess K, 33ml of 1ml NH4O AC was then added to the tube and shaken for 5 minutes. The suspension was centrifuged to obtain a clear supernatant solution to make up the volume to the 100ml mark and the solution was thoroughly mixed by swirling. The concentration in the flask was determined by flame emission spectroscopy. The content of the samples was determined graphically. The CEC (Cmol/kg) is equal to mg Kg/100 soil, this is numerically equal to Cmol/kg soil.
Crop Data Collection
Data was collected on the following parameters Numbers of Leaves at 4, 6, 8, 10 and 12 weeks after planting Plant Height at 4, 6, 8, 10 and 12 weeks after planting
Haulms weight Numbers of pods Weight of dried pods per plots
Data Analysis
Crop data collected were subjected to analysis of variance (ANOVA) and the means that were statistically different were separated using Fisher’s Least Significant Difference (F=SLD) to determine the significance of applied fertilizer levels on the yield of crop at 5 % of probability.
RESULTS
Physical and Chemical Properties of the Experimental Site.
[bookmark: _Hlk132526219]The physical and chemical properties of the experimental site before planting are presented on Table1. This shows the initial analysis of the study area, the chemical properties of the experimental research area were determined, the soil is found to be sandy loam in texture with greater proportion of sand (71.80 %), low clay (15.20 %) and silt (13.0), pH of the soil (6.18 %) was slightly acidic.  The organic content was 0.43 % which is low in the experimental field, low organic matter content of soil in Nigeria have been reported by Jones and Wild (1975) who attributed this to continuous crop production on same piece of land with poor sustainable management practice such as removal of crop residue and low addition of organic matter to the soil, this claim was further confirmed by Odunze (2002). The available phosphorus (3.80 mgl – 1), Nitrogen 0.0036 %, potassium 0.21 cmol kg – 1 and Calcium cmol kg -1 , the CEC was moderate which indicates moderate exchangeable bases.

	Table 1. Physical and Chemical Properties of the Experimental Site


	Parameter 
	Value

	 pH
	6.18

	Sand (%)
	71.80

	Silt (%)
	13.0

	Clay (%)	
	15.20

	Textural Class 
	Sandy Loam

	Organic Carbon (%)
	0.43

	Total Nitrogen (%)
	0.036

	Phosphorus (mg kg– 1 )
	3.80

	K + (cmol kg – 1)
	0.21

	Ca 2+ (cmol kg -1 soil)
	2.81

	Mg 2+ (cmol kg – 1 )
	2.52

	Na+ (cmol kg – 1 )
	0.18

	TEB (cmol kg – 1)
	5.72

	EA (cmol kg – 1)
	1.12

	CEC (cmol kg – 1)
	6.84

	BS (%)
	83.63


Effects of Phosphate Rates on the Yield of Groundnut.
The effect of phosphate fertilizer rates on the yield of groundnut presented on the Table indicated that there was significant difference in the effects of phosphate levels on the yield parameters of groundnut. However, the numbers of pods per plant ranged from 18.20 in the control plot to 26.40 in plots that received 74 kg/ha P, results indicated that the number of pods per plant increased with increase in the phosphate rates similarly dry wet pods also increased with in in phosphate levels. The least weight (22.70) was obtained in the control plot while the highest (38.20) was obtained with 74 kg/ha P. The grain yield plant ranged from 364.0 in the control plot to 545.0 in plots that received 56 kg/ha P, and the lower value was obtained at 56 kg/ha P. The grain yield increased with increasing levels of phosphate fertilizer application.
The effect of phosphate fertilizer rates on the time of application on yield of groundnut
The effect of phosphate fertilizer rates on the time of application yield of groundnut indicted that there was significant difference in the time of application on the yield parameters of groundnut with the exception of grain yield where no significant difference occurred. The result of dry pod wet before, at and after time of application were 25.50 kg/ha, 34.80 kg/ha and 27.20 kg/ha respectively, grain yield before, at and after time of application were 360.0 kg/ha, 524.0 kg/ha and 458 kg/ha respectively. 

Table 2: Main Effect of Phosphate Fertilizer and Time of Application on The Yield Groundnut
	Phosphate Fertilizer
(kg/ha)
	Dry pods weight
(kg/ha)
	Grain yield
(kg/ha)
	Number of pods per plant
(kg/ha)

	0
18
56
74
	22.70
25.00
30.70
38.20
	364.0
435.0
545.0
445.0
	18.2
18.3
20.8
26.4

	LSD (≤0.05)
	8.36
	159.7
	6.580

	Time of Application 
Before
At 
After 
	
25.50
34.80
27.20
	
360.0
524.0
458.0
	
19.2
25.8
17.9

	LSD (≤0.05)
	7.24
	NS
	5.70



Also, the number of pods per plant before, at and after time of application were 19.20 kg/ha, 25.8 kg/ha and 17.9 kg/ha respectively. However, the highest yield parameters were obtained at plating, followed by after time of application. The least values of the yield parameter were obtained at before time of application.
Table 3: Combined Phosphorus Rate and time of application on yield
	Phosphate Fertilizer
(kg/ha)
	Time of Application
	Dry pods wet
(kg/ha)
	Grain yield
(kg/ha)
	Number of pods per plant
(kg/ha)

	0


27


54


81
	Before 
At 
After 
Before 
At 
After
Before 
At 
After
Before 
At 
After
	22.00
27.70
18.30
17.70
33.70
23.70
26.30
36.30
29.30
36.30
41.30
37.30
	245.0
498.0
348.0
340.0
573.0
392.0
465.0
634.0
538.0
389.0
394.0
552.0
	17.70
24.0
13.0
16.0
23.0
16.0
17.0
26.3
19.0
26.0
29.7
23.7

	LSD (≤0.05)
	
	NS
	NS
	5.70



DISCUSION 
The result of the soil analysis presented in Table 1 showed that the soils were sandy loam in texture. Soil texture is known to influence the performance of crop plants. For groundnut, soil texture affects the nodulation capacity and the number of pods produced. The soil was low in organic matter. The low organic matter could be responsible for the low phosphorus, nitrogen and other nutrient elements in the soil (Zhao et al., 2015). The pH was slightly acidic (6.18), this pH is ideal for microbial activities and plant nutrient availability however, for the site under consideration the soil was poor despite the ideal pH.
The positive and liner relationship between phosphate rates and growth/yield of the crop is an indication of the vital roles phosphorus plays in the development of crops particularly leguminous crops such as groundnut. Adding phosphorus to soils low in available phosphorus promotes root growth stimulates efficient uptake of nutrients and water, and often hastens maturity, Phosphorus promotes healthy root growth, promotes early shoot growth, speeds ground cover for erosion protection, enhances the quality of fruit, vegetable and grain crops, and is vital to seed formation. 
Deficiency of P due to in-availability of soluble phosphate in soil solution is considered as a limiting factor in plant nutrition (Uma and Sathiyavani, 2012). Tarawali and Queen (2014) reported that application of P as single super phosphate (SSP) enhanced crop performance and increased nodule formation from 1 878 – 2 403 kg/ha as well as biomass production from 2 324 – 2 479 kg/ha. Kamara et al. (2011) also reported increase in groundnut biomass due to the application of P, given that phosphorus is known to enhance the development of more extensive root system. 
The application of phosphorus at higher level (81P2O5kg/ha) significantly increased the yield (Table 3). The highest yield was recorded in 81 P2O5kg/ha which was significantly higher than all other treatments. The lowest yield was observed in the control which was significantly lower than what was obtained with other levels of phosphate fertilizer application. The absence of phosphorus in the control plots limits the functions of phosphorus in the soil as phosphorus is known to be one of the most limiting elements for proper growth and development of leguminous crops. In its absence yield of the crop is depressed and limited. 
CONCLUSION
The increase in fertilizer application gave a significant increase in the yield parameters, however increase in weeks increases the yield parameters. The time of fertilizer application has a great influence on the yield. The best time of fertilizer application is at planting.  There were significant differences in yield parameters due to varying treatments of phosphate fertilizer, yield parameters increased with increased phosphate fertilizer application. Zero phosphate application (control) gave the least values, while 81 P2O5 kg ha-1 application gave the highest values in terms of yield. However, the highest yield was obtained at the time of application. 
It was therefore recommended that phosphate fertilizer application for the cultivation of groundnut should be done at planting and at the rate of 54 kg P2O5/ha.
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