Soil Test Crop Response Based Phosphorous Calibration Study in Acidic Soil on Grain Yield of Bread Wheat in Jimma Geneti District, Western Oromia. 
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ABSTRACT

Phosphorus calibration study was conducted on twenty (20) sites in the Jimma Geneti District (2020-2021) main cropping seasons. The objective of the study was to determine phosphorus critical level and P-requirement factor for phosphorus recommendation of bread wheat. The treatments were combined in factorial arrangements of five levels of nitrogen (0, 46, 69, 92 and 138 kg/ha) and six levels of P (0, 10, 20, 30, 40 and 50 kg/ha) were used in the first year to determine the optimum N rate. In the second and third year six levels of P (0, 10, 20, 30, 40 and 50 kg/ha) and 138kg/ha N were combined to determine P-critical and P-requirement factor designed in RCBD with three replications. Composite surface soil samples (0-20cm) were collected from all sites before sowing to categorize the degree of soil acidity and lime was applied a month before sowing to buffer the soil pH. After 21 days of planting soil sample was collected from each observation to analyze available phosphorus in the soil. The soil reaction (pH) of experimental site was low (4.78 - 5.48) pH (H2O)); Based on soil pH, the soil under the study area qualify for very strongly acidic to strongly acidic The highest wheat grain yield (4.27 t/ha) was obtained from 138 kg/ha Nitrogen interaction with 40 kg/ha Phosphorous but economically not feasible while the lowest yield (1.87 t/ha) was recorded from the control. The interaction of 92 kg/ha nitrogen and 50 kg/ha P were economically accepted.  Eventually, Pcritical (20 ppm) and Pf (4.76) for the district was recommended. So, verification and demonstration of phosphorus critical level and requirement factor together with the application of lime for reclamation of acidic soil is mandatory.
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Introduction 
Wheat (Triticum species) is the most important staple food crop for more than one-third of the world population and contributes more calories and proteins to the world diet than any other cereal crops (Shewry, 2009). Global wheat production in 2014 was estimated at 729 million tons from 220 million ha area harvested with average yield of 3315.2 kg ha (FAOSTAT, 2014). In Ethiopia, wheat is mainly grown in the highlands, which lie between 6 and 16° N latitude and 35 and 42° E longitude, at altitudes ranging from 1500 to 2800 m above sea level and with mean minimum temperatures of 6 to 11°C (MoA, 2012). There are two types of wheat grown in Ethiopia and both of them are produced under rain fed conditions: durum (pasta and macaroni) wheat, accounting for 40% of production, and bread wheat, accounting for the remaining 60% (Bergh et al., 2012). Durum wheat (Triticum turgidum L. var Durum) is traditionally grown by smallholder farmers on the heavy black clay soils (Vertisols) of the high lands at altitude ranging between 1800 and 2800 m above sea level and rainfall distribution varying from 600 to more than 1200 mm per annum (January to December) in Ethiopia (Hailu,1991). Lack of soil fertility database and absence of area and crop specific fertilizer recommendation was taken as a key obstacle in realizing the first growth and transformation plan (GTP) of doubling agricultural production by the end of the five-year plan period (IFDC, 2015). In order to tackle this problem, the Ministry of Agriculture was conducting soil and plant nutrient survey to determine the key soil nutrient limitations along with importation of different blended fertilizers and micro-nutrients from abroad and test these against Urea (50 kgha) and diammonium phosphate (DAP,100kgha-1) for their impact on crop yield in different areas and crops. The results from both of these initiatives showed deficiency of 3 to 6 nutrients N, P, S, Zn, Mo and B. in most parts of the country and crops responded to the application of additional nutrient. Moreover, the plant analysis data from the same sites indicated that wheat plants were deficient in N, P, Zn and K (Hailu et al., 2015). Due to this, Ethiopia is moving from blanket recommendations for fertilizer application rates to recommendations that are customized based on soil type and crop. This is a move towards diversification and away from DAP and Urea, which have long been the only type of fertilizer imported for grain crops. The farmers in most parts of the country in general and in the study area in particular have limited information on the impact of different types and rates of fertilizers except blanket recommendation of nitrogen 41 kg N ha-1(23 kg N/urea +18 kg N/DAP) and phosphorus (46 kg P2O5 ha-1), that is, 50 kg Urea and 100 kg DAP per ha-1. However, according to the soil fertility map covering over 150 districts, most of the Ethiopian soils lack about seven nutrients (N, P, K, S, Cu, Zn and B) (EthioSIS, 2013). Moreover, Assefa et al. (2015a) reported that grain yield and yield components of wheat (100%) fully responded to applied nitrogen, 72.3% showed response to sulfur, 78% showed response to applied phosphorus on eighteen fields studied in central high lands of Ethiopia and strongly indicated sulfur deficiency along with its importance to include in balanced fertilizer formula. Apart from blanket recommendation of nitrogen and phosphorus, the effect of other fertilizers on yield components and yield of durum and bread wheat are unknown in Ethiopia, even though new blended fertilizers such as NPS (19% N, 38% P2O5 and 7% S) are currently being used by the farmers with blanket recommendation of 100 kg NPS ha in Ethiopia. Deficiencies of P, K, S, B and Zn nutrients were observed in western parts of our country (Tegbaru, 2014). In addition, Lime rate determined based on acid saturation method for different parts of western oromia soils showed 67.8% of soil samples collected from the different district were with pH ≤ 5.5, i.e., requiring liming. Because the applied phosphorous fertilizer to the soil is fixed in acidic soil and not available as plant required. So liming integration with organic and in-organic fertilizer is crucial for for increasing crop productivity. The favorable effects of fertilizer have been demonstrated under different set of climatic and soil conditions. Very recently in an experiment at Holleta an average wheat grain yield  of 1447kg ha-1 over unfertilized was obtained by applying 60 kg N and P2O5 per hectare  (EARO/HRC, 2000). Currently however, there are negligibly site-specific fertilizer recommendations for the different soil-crop climatic conditions. Therefore, fertilizer application schedules should be based on the requirement of crop response to applied nutrients at different soil fertility levels (Wassie et al., 2011). As in all other areas of the country, a fertilizer recommendation for bread wheat in Jimma Geneti District was not based on soil test crop response based results. Therefore, this study was undertaken with the following objectives  

Objectives
· To determine the response of bread wheat to different rates of phosphorus fertilizer.
· To establish soil test crop response based phosphorus recommendation (P critical level and Pf) for bread wheat in the district.
Materials and Methods
Description of the Study Area
The experiment was conducted on farm in Jimma Geneti District, Horro Guduru Wollega Zone of Western Oromia located 290 km to west of Addis Abeba along the main road from Bako to Shambu. The area is located 09 07.047‘E longitudes and having an altitude 2317 m.a.s.l. The soil type of the district is dominantly loamy. Majorly the economy of the area is dominated by crop production and livestock raring agricultural production system. The major crop types were dominated by wheat, teff, faba bean, field pea, maize and barley existence were observed.   
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       Fig. Location Map of the study area
Soil Sampling and Analysis
For deciding representative experimental locations, six sites/farmers/ fields were selected depending on its accessibility for providing good management system and composite soil samples were collected from the district and optimum nitrogen rate that the crop requires were recommended in the first year (2011) in the case of wheat production. In second and third year (2012–2013) randomly twenty sites were selected for determination of phosphorus critical (Pc) and requirement factors. Composite soil samples were collected from all sites by using Auger from the depth of (0-20cm) air dried, grounded and passed through 2mm sieve and analyzed at Bako Agricultural Research Soil laboratory keeping its standards/procedures.   
Treatments, experimental design and procedures
In the case of the first year, the experiment was consisted of six levels of P (0, 10, 20, 30, 40, 50 kg/ha) and five levels of Nitrogen (0, 46, 69, 92 and 138kg/ha) fertilizers were combined as treatments. The treatments were arranged in factorial combination with RCBD replicated three times over six farmers. In second and third years for determination of Pc and Pf treatments consists of six levels of P (0, 10, 20, 30, 40, 50 kg/ha) and 69 kg/ha N were arranged in single factor in RCBD with three replications. 
Soil Analysis 
Determination of Critical P Concentration
Critical phosphorus concentration is below which there is a response while above phosphorus was not respond. After sowing of 21days soil samples were collected from each plot. At this moment the applied phosphorus during sowing is assumed to be ready to be utilized by the crop. Pc was determined by Cate-Nelson graphical methods where by putting phosphorus soil values on the X-axis (yield x100/maximum yield). Cate-Nelson graphical methods is based on driving the Y-X scatter diagram in to four quadrants and increasing the points in the positive quadrants and reducing the number of points in the negative quadrants.
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  Determination of Phosphorous Requirement Factor 
Phosphorus requirement factor (Pf) is the amount of phosphorus in kilogram needed to raise the soil phosphorus by 1ppm. Mean of Olsen P-ppm after 21 days of each applied P-treatment and phosphorus increase over the control were calculated.  Eventually, Pf was determined by the following formula.
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Statistical Analysis
All the collected yield and soil data from all locations were subjected to analysis of variance (ANOVA) by using Gen stat 18 th edition software and mean separation was done by using LSD test. 
Economic Analysis 
To identify economic feasibility of treatments, partial budget analysis was implemented and calculated the marginal rate of return (MRR) (SIMMIT, 1988). Note only MRR was considered but also proper interaction effects of treatments were selected according to its highest net benefit obtained.  
Results and Discussion
Soil Reaction (Ph) and Available Phosphorus 
The pH (H2O) values of the soil samples collected before sowing were ranged from 4.78-5.48 (Table1) consequently the soils of the study site lies in general from very strongly acidic to strongly acidic soil reaction (Source: Murphy (1968).
Table: 1.Soil pH and initial available phosphorus status in soils before planting in Jimma Geneti District (2012-2013)
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Nitrogen Fertilizer Determination 
The interaction effect of phosphorus and nitrogen fertilizer rate was highly significant at (P<0.05) on bread wheat mean grain yield. The highest mean grain yield (4.27 t/ha) was obtained from the interaction of 138 kg/ha N and 40 kg/ha P, whereas the lowest mean grain yield (1.77 t/ha and 1.87 t/ha) were obtained from the interaction of 0 kg/ha N with 20 kg/ha Phosphorous (Table: 2.) but economically feasible rate was 92 kg/ha N interaction with 50 kg/ha P.
Table: 2. Interaction effect of nitrogen and phosphorous (P2O5) fertilizers on bread wheat mean grain yield (t/ha)
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Table: 3. Phosphorus requirement factor for bread wheat
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Economic Analysis 
Partial budget analysis revealed that 92 kg/ha of N was economically feasible. The highest MRR (1419) and net benefit of (47485) obtained in response to the interaction of 50 kgha-1P with 92 kgha-1 Nitrogen.
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CONCLUSION
Soil test based crop response phosphorous calibration study was conducted at Jimma Geneti District for three years (2011-2013) for determination of optimum nitrogen, P-Critical (Pc) and Prequirement factor (Pf). The soil reaction collected and analyzed before sowing from the district is in general ranged from very strongly acidic to strongly acidic soil pH and low phosphorous availability in the soil which indicated that phosphorous fixation existed i.e. not exist in available  forms were plants freely requires the element. Consequently, the experiment was conducted under limed conditions for reclamation of soil acidity of the district. In the first year, optimum nitrogen rate (138kg/ha) was determined for the highest yield obtained but its economic feasibility was not in acceptable range. So, 92 kg/ha nitrogen interaction with 50 kg/ha P was relatively more accepted by considering its highest net benefit and MRR.
RECOMMENDATIONS
Calibration study was conducted in the second and third year, P-Critical (20ppm) and P requirement factor (4.76) was also recommended. Eventually, the farmers/end users/ are advised to use this Pc (phosphorus critical) and Pf (Phosphorus requirement factor) values for phosphorous applications to produce the crop than utilization of blanket recommendations. So, verification and demonstration of phosphorous critical (Pc) and phosphorous requirement factor (Pf) results obtained from the district will be pre-requisite activities before undergoing pre-scaling up of the technology over wider areas to confirm the result.
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Site Available P (ppm) pH(H.0)

1 3.7 517
2 8.9 512
3 7.8 5.17
4 8.1 5.48
5 9.2 5.47
6 8.4 5.46
7 75 5.48
8 9.25 529
9 8.75 4.78
10 7.82 4.95
11 6.27 5.48
12 6.2 537
13 6.13 5.23
14 7.19 530
15 8.4 4.90
16 8.47 529
17 9.94 5.40
18 6.16 5.15
19 5.98 528
20 6.80 5.08

Average 7.79 524
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‘Where: GY (Grain yield tone per hectare). Note: Means with the same letters are not significantly different at P<0.05%
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Fig.1. Phosphorus Critical level for bread wheat in Jimma Geneti District
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0 8.94 - -

10 11.37 243 4.11
20 11.09 2.15 4.65
30 10.37 1.43 6.99
40 11.4 246 4.06
50 11.42 248 4.03

Average 4.76
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Table: 4. Partial budget analysis for the interaction of nitrogen and Phosphorus in 2011 main cropping seasons

Treatment Fer.cost Tra. And TVC TYPH Adj.Yield T.Gross benefit Net benefit MRR

combinations Lab. Cost kgha-1 10% yield*15 ratio %
P*N

TI1. OP*ON 0 0 0 1870 1683 25245 25245 0 0
T2. 0P*46N 1500 50 1550 2760 2484 37260 35710 6.75 675
T3. 0P*69N 2250 100 2350 3330 2997 44955 42605 8.62 862
T4. 0P*92N 3000 150 3150 3450 3105 46575 43425 1.03 103
T5. OP*138N 4500 200 4700 3980 3582 53730 49030 3.61 361
T6. 10P*0ON 150 5 155 2370 2133 31995 31840 378 378
T7. 10P*46N 1650 55 1705 2040 1836 27540 25835 -3.87 D
T8. 10P*69N 2400 105 2505 3000 2700 40500 37995 7.85 785
T9. 10P*92N 3150 155 3305 2780 2502 37530 34225 -4.71 D
TI10.10P*138N 4650 205 4855 3740 3366 50490 45635 7.36 736
TI1.20P*0N 300 10 310 1770 1593 23895 23585 4.85 485
TI12. 20P*46N 1950 65 2015 3130 2817 42255 40240 9.77 977
T13. 20P*69N 2550 110 2660 2820 2538 38070 35410 -7.49 D
T14.20P*92N 3300 160 3460 3300 2970 44550 41090 71 710
TI15. 20P*138N 4800 210 5010 3590 3231 48465 43455 1.53 153
T16. 30P*0N 450 15 465 2350 2115 31725 31260 2.68 268
T17. 30P*46N 1950 65 2015 2880 2592 38880 36865 3.62 362
T18. 30P*69N 2700 115 2815 2830 2547 38205 35390 -1.84 D
T19. 30P*92N 3450 165 3615 3300 2970 44550 40935 6.93 693
T20. 30P*138N 4950 215 5165 3730 3357 50355 45190 275 275
T21. 40P*0N 600 20 620 2070 1863 27945 27325 3.93 393
T22. 40P*46N 2100 70 2170 2820 2538 38070 35900 5.53 553
T23. 40P*69N 2850 120 2970 3400 3060 45900 42930 8.79 879
T24. 40P*92N 3600 170 3770 3410 3069 46035 42265 -0.83 D
T25. 40P*138N 5100 220 5320 4270 3843 57645 52325 6.49 649
T26. 50P*ON 750 50 800 2150 1935 29025 28225 533 533
T27. 50P*46N 2250 100 2350 2850 2565 38475 36125 5.09 510
T28. 50P*69N 3000 150 3150 2910 2619 39285 36135 -0.01 D
T29.50P*92N 3750 200 3950 3810 3429 51435 47485 14.19 1419
T30. 50P*138N 5250 250 5500 4260 3834 57510 52010 3.02 302
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