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ABSTRACT The response of Yellow Composite popcorn (Zea mays L. everta) to different rates of nitrogen and lime amendment on an acidic Ultisol was studied under field conditions at the Teaching and Research Farm of the University of Calabar, south eastern Nigeria from 2009-2010. Nitrogen was applied as 0, 40, 80 and 120 kg/ha of urea, while lime was applied as 0, 500 and 1000 kg/ha of CaCo3. Application of 120 kg N/ha at zero lime rate gave the highest popcorn yield in 2009, while the 80 kg N/ha and 500 kg/ha lime rate produced significantly (p=0.05) higher grain yield compared with other treatments in 2010. The yield in 2010 exceeded that obtained in 2009 by 23.65%. Increasing rates of lime above 500kg/ha did not increase yield, total dry matter or net assimilation rate in 2009. However, it caused excessive vegetative growth in both years of the study. From the result of this study, application of 80 kg N/ha + 500 kg/ha lime can bring about higher yields and at the same time reduce the amount of inorganic N fertilizer required for optimum yield. em Key Words: Popcorn, response, Nitrogen, lime, yield, Ultisol, field conditions. * Corresponding author [email protected]
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534 INTRODUCTION Nitrogen (N) is one of the essential macro nutrients for plant growth and development. It is also the most limiting nutrient in tropical rainforest environment which is characterized by high annual rainfall, excessive leaching of applied nutrients and high soil acidity. Nitrogen enhances cell division and expansion (Jovanovicet al., 2004); mediates the utilization of phosphorus, potassium and other elements in plants (Brady and Weil, 1996), while decreasing seed dormancy. It is a component of protein and nucleic acids, an integral part of chlorophyll and many enzymes. Its availability in sufficient quantity throughout the growing period is an insurance against poor crop yields. There is therefore an increasing use of inorganic nitrogen fertilizers to offset the deficit situation created by leaching and other forms of nutrient loss in order to overcome stunted growth, poor yields as well as improve over all plant productivity. Abbas et al., (2003) reported increase in percent nitrogen concentration of the ear leaf with increase in rates of nitrogen. The optimal amounts of other elements in the soil cannot be efficiently utilized if nitrogen is deficient in plants (Brady and Weil, 1996 and Onasanyaet al., 2009). Therefore deficiency or excessive nitrogen in soil can result in reduced maize yields. In many areas of the world, soil acidity limits agricultural yield (Caireset al., 2007). Soil acidity problems are commonly corrected by liming, which has long been recognized as a means of reducing the effect of acidity on crops. Judicious fertilization and liming has the potential of increasing yields of plants, as has been reported by several workers (Vitoshet al., 1996; Caireset al., 2007; Hassan et al., 2007; Mullen et al., 2007 and Eze and Obi, 2008). This needs necessary consideration in view of the indiscriminate use of fertilizers and the consequent environmental degradation and underground water pollution. The overall effects of lime on soils according to Nicholaideset al., (1993) and Oguntoyinboet al., (1996) include among others increased soil pH, Ca and Mg saturation, neutralization of toxic concentrations of aluminum (Al), increase in pH dependent CEC resulting in absorption and hydrolyses of Ca2+, mg2+, increase in P availability and improved uptake of nutrients by plants. The use of lime amendment would hopefully reduce the acidity problem in farmers’ plots, mediate increased yields through enhanced nitrogen use efficiency and ultimately lead to a reduction in rates of nitrogenous fertilizers applied. Popcorn (Zea mays L. everta) is a nutritive snack now widely consumed in Nigeria, having great potential as a domestic and commercial crop (Iken and Amusa, 2010). As is typical of maize, it



535 requires carefully managed, enriched soil environment to obtain worthwhile yield. Some edaphic factors that militate against its yield on farmer’s fields are variety, time of planting, soil types, soil fertility, pests and diseases, soil moisture etc (Hallauer, 1994 and Hussainiet al., 2002). Overcoming these constraints would therefore lead to meaningful yields. Mbagwu (1990) reported the highest grain yield at 142 kg N/ha rate, whereas Uwahet al., (2005) obtained the highest yields of popcorn, 2.49 t/ha on application of 80 kg N/ha in south eastern Nigeria. The results of various fertilizer experiments in Nigeria show that hybrid maize cultivars require high fertilizer rates for optimum yield. Consequent upon this, Sobulo (1980) suggested that 60-70 kg N/ha served as economic rate for maize in the rainforest zone. Eze and Obi (2008) recorded the highest popcorn yield of 1.58 t/haat 0.5 t/halime rate, while Hassan et al., (2007) obtained the highest yield of popcorn, 4.32 t/ha with 0.25 t/ha lime. The objective of this study was to determine the best combination of lime and nitrogen levels that would produce optimum popcorn yields while reducing the amount of fertilizer N applied on an acidic Ultisol within the Calabar rain forest agro-ecology. MATERIALS AND METHODS A two-year field trial was conducted from April to August in 2009 and 2010 at the Teaching and Research Farm of The University of Calabar, located in the south eastern rainforest of Nigeria (4.50-5.20N, 8.00 -8.30E, 39m above sea level). Calabar has a bimodal annual rainfall distribution that ranges from 3000 to 3500mm with a mean annual temperature range of 27 0 to 350C (CRBDA, 1995). The soil is described as Ultisol, featuring highly leached soils, with clay B horizon and less than 35% base saturation (Brady and Weil, 1996). The experiment investigated the response of hybrid popcorn variety -Yellow Composite to four levels of nitrogen (0, 40, 80 and 120 kg N/ha), applied as Urea (46%N), and three levels of lime (0, 500 and 1000 kg/ha) applied as Calcium carbonate (CaCO3). A spacing of 0.75m x 0.25m was maintained throughout the plots. The various lime levels were soil incorporated one week before sowing, while half of the nitrogen, alongside basal single super-phosphate (26 kg P/ha) and muriate of potash (50 kg K/ha) were ring applied one week after emergence. The second half of N was placed at 6 WAS as a side dressing about 8cm deep and 8-15cm away from the plants and covered with soil.



536 Table 1: Physical and chemical properties of the soil from 0-20cm at the experimental sites during 2009 and 2010 planting seasons Year Physical Composition 2009 2010 Particle size analysis (g/kg) Sand 772 801.3 Silt 119 96.5 Clay 109 102.2 Soil textural class Sandy loam Sandy loam Chemical composition pH 5.30 5.25 Organic matter (g/kg) 1.00 3.18 Total Nitrogen (g/kg) 0.07 0.14 Available P (mg/kg) 106.5 279.29 Na (cmol/kg) 0.29 0.09 K “ 0.14 0.12 Ca “ 1.33 1.69 Mg “ 0.23 0.66 ECEC “ 4.80 3.06 Base Saturation (g/kg) 50.41 52.56 Exchangeable Acidity 0.06 0.06



The treatments were dispersed in a 3x4 factorial arrangement fitted into a split-plot design having three replications. Each gross plot was 3.0m x 2.8m and the net plot for growth and yield measurement was 1.0m x 1.5m. Soil samples were collected from the sites at depths 0-20cm prior to fertilizer application and analyzed for physico-chemical properties using standard procedures described by IITA (1982). Relevant results of soil physico-chemical analyses of the sites are presented in Table 1, while the meteorological conditions of Calabar for both years of the study are presented in Table 2. Table 2:



Meteorological observations of Calabar in 2009 and 2010



Month



Mean temperature (0C)



Total Rainfall (mm)



Humidity (%)



Sunshine (Hrs)



2009 April 32.1 150.5 84 3.0 May 31.6 308.9 84 4.4 June 30.2 218.4 87 2.2 July 28.0 507.3 92 1.7 2010 May 31.5 306.5 85 4.4 June 29.8 611.3 88 3.2 July 28.8 384.0 90 1.8 August 28.2 406.7 91 1.8 Source: Nigerian Meteorological Unit (NIMET)/ MargaretEkpoInternationalAirport, Calabar.



537 Sites were manually cleared, tilled and leveled to a fine tilled flat, before sowing on 18 th April and 14th May for the 2009 and 2010 planting seasons respectively. Three seeds were sown and the seedlings were later thinned to one per stand one week after sowing, giving a plant population of 53,333 plants per hectare. Weeds were hand hoed at 4 and 8 WAS. The ears were harvested on 4th July and 21st August in 2009 and 2010 seasons respectively and sun dried until 4 months later when the seeds attained more than 80% popping percentage. For the collection of data, ten plants were randomly tagged within the plots. The following parameters were measured; plant height, number of leaves, leaf area index (LAI), total dry matter (TDM), net assimilation rate, number of days to 50% tasselling, weight of grains per ear, number of grains per ear, total grain yield (t/ha), and combined grain yield (t/ha). All the data were analyzed using the Statistical Software package (SAS Version 9). The comparisons of treatment means were made using the Student-Newman-Kuel’s test (P < 0.05). RESULTS Results of soil physico-chemical analysis and meteorological conditions of the experimental sites during the trial are presented in Tables 1 and 2. Higher total rainfall and humidity of 44.16% and 2.02% respectively, were recorded in 2010 than 2009. Soils in 2009 had lower organic matter and total nitrogen than in 2010, hence were lower in fertility. Table 3:Plant height (cm), leaf area index (LAI) and total dry matter per plant (g) at 11WAS, as influenced by nitrogen, lime and variety in 2009 and 2010. Treatment N (kg N/ha) 0 40 80 120 SE± Lime (kg/ha) 0 500 1000 SE±



Plant height (cm) 2009 2010 173.45c 182.81d 199.31b 217.30c 203.04b 257.01a 220.57a 233.92b 4.087 3.984



No. of leaves per plant 2010 2009 11.36b 9.53b 11.91ab 9.78b 12.05ab 10.86a 12.52a 10.97a 0.272 0.265



Leaf area index (LAI) 2009 2010 2.18d 1.82d 3.06c 3.10c 4.78a 4.21a 4.78a 3.95b 0.071 0.063



202.64a 189.80b 204.84a 3.543



11.71 12.12 12.04 0.235



3.17b 3.71a 3.51a 0.061



208.39c 231.28a 228.61b 3.450



10.39 10.25 10.21 0.230



3.10 3.49 3.49 0.055



Means followed by the same letter(s) within same column are not significantly different at 5 percent level using SNK.



538 Plant height, number of leaves per plant and leaf area index, (LAI), were significantly influenced by nitrogen treatments when compared with the control in both years (Table 3). All the parameters increased significantly with increase in nitrogen levels up to the 120 kg N/ha rate in 2009 and not beyond 80 kg N/ha in 2010, with mean number of leaves at 80 and 120 kg N/ha being statistically similar. Table 4: Number of Days to 50% tasselling, Net assimilation rate and Agronomic use efficiency of N as influenced by nitrogen and lime levels in 2009 and 2010. Treatment N (kg N/ha) 0 40 80 120 SE± Lime (kg/ha)



Total dry matter/plant (g) 2009 2010 120.35d 120.67d 142.11c 159.82c 158.01b 213.90a 192.83a 199.89b 3.422 7.015



Net Assimilation Rate 2009 2010 0.45d 0.46c



Days to 50 percent tasselling 2009 2010 49.66a 51.39a



0.53b 0.54b 0.64a 0.014



48.33b 47.16c 46.50d 0.372



0.56c 0.67a 0.63b 0.013



48.72b 46.11c 44.61d 0.401



0 159.23a 154.86c 0.57a 0.55c 47.95 47.21 500 151.65b 171.08b 0.54a 0.56b 47.58 47.08 1000 149.33c 194.54a 0.52b 0.63a 48.20 48.88 SE± 2.963 6.075 0.012 0.114 0.144 0.347 Means followed by the same letter(s) within same column are not significantly different at 5 percent level using SNK.



The 120 kg N/ha rate increased TDM by 59.8% in 2009, whereas 80 kg N/ha resulted in TDM increase of 77.7% in 2010. The net assimilation rate increased with increase in rates of N up to 120 kg N/ha in 2009 but not beyond 80kg N/ha in 2010 (Table 4). Application of N significantly reduced the number of days to 50% tasselling in both years. Increasing N levels from 0-120 kg N/ha decreased the number of days to 50% tasselling by 6.8% in 2009. In 2010 however, 80 and 120 kg N/ha rates decreased the number of days to 50% tasselling by 11.5 and 15.2 % respectively. Both the number of grains per ear and weight of grains per ear peaked when 80 kg N/ha was applied, except in 2009 when the weight of grains/ ha was highest at 120 kg N/ha (Table 5). Increasing the N levels from 80 to 120 kg N/ha significantly reduced number of grains per ear by 9.7% and 15.1% in both years respectively. However, the mean weight of grains per ear at 40 120 kg N/ha rates were statistically at par in 2009. Total grain yield significantly increased with



539 increasing N rates in 2009 up to 120 kg N/ha but not beyond 80 kg N/ha in 2010. The 40, 80 and 120 kg N/ha rates gave yield increases of 12.6, 21.5 and 50.4% in 2009 and 29.6, 76.8 and 53.5% above control in 2010. The pooled data showed that grain yield increasedsignificantly up to 120 kg N/ha, although this was statistically similar with the 80 kg N/ha rate (Table 5). The 80 and 120 kg N/ha rates gave a yield increase of 50.0 and 52.2% above control while 120kgN/ha only increased yield by 1.45% more than 80 kg N/ha. Table 5: Number of grains (g), weight of grains per ear (g), grain yield and combined yield (t/ha) as influenced by nitrogen and lime levels in 2009 and 2010. Wt of ears/ plant Grain yield Combined No. of grains/ear (t/ha) 2010 Analysis 2009 2010 2009 2010 2009 Treatment N (Kg N/ha) 0 256.64d 250.05d 67.25b 59.20d 1.35c 1.42d 1.38c 40 377.12c 362.35c 75.05a 70.63c 1.52b 1.84c 1.68b 80 450.06a 451.07a 75.50a 75.58a 1.64b 2.51a 2.07a 120 410.46b 391.97b 78.05a 74.06b 2.03a 2.18b 2.10a SE± 11.483 14.841 3.742 1.363 0.074 0.104 0.141 Lime (kg/ha) 0 343.05b 328.90c 75.00b 66.09c 1.86a 1.83b 1.85 500 397.25a 392.74a 78.33a 73.96a 1.49b 2.16a 1.82 1000 384.91a 369.99b 75.25b 69.55b 1.55b 1.98b 1.77 SE± 9.945 12.853 3.241 1.473 0.064 0.090 0.122 Means followed by the same letter(s) within same column are not significantly different at 5 percent level using SNK.



Lime application markedly increased the effectiveness of nitrogen. There was significant increase in parameters measured such as plant height, LAI in 2009 (Table 3) and TDM in 2010 (Table 4). Net assimilation rate and TDM did not respond significantly to lime application in 2009, whereas in 2010, the 1000 kg/ha lime rate significantly increased NAR and TDM above other lime rates (Table 4). The 500 kg/ha lime rate significantly increased number of grains per ear as well as weight of ears per plant above other rates of lime in both years. In 2009, grain yield did not respond positively to lime application but there was significant increase in yield in 2010 (Table 5). Combined yield was not significantly affected by lime. Higher popcorn yield was recorded at 80 kg N/ha in 2010 (2.51 t/ha) than at 120 kg N/ha in 2009 (2.03 t/ha). This is in agreement with findings of Sobulo (1980) and Uwahet al., (2005). A total of 1183 mm and 1707 mm of rainfall was recorded in 2009 and 2010 respectively. Similarly, the average yield in 2009 (1.63 t/ha) was lower than that obtained in 2010 (1.99 t/ha).



540 The difference in yield in both years could be attributed to the positive effect of adequate moisture at tasselling and grain filling periods. The soil of the sites was more fertile in 2010 than 2009, with higher total N, organic matter as well as available P which could be translated into better crop performance and yield in 2010 compared to 2009. According to Aliyu (2000), low soil organic matter results in low N and available P which would lead to low plant productivity, a situation that prevailed in the 2009 season in our experiment. Reduction in the number of days to 50% tasselling could be attributed to the effect of N in promoting vigorous growth, increased plant meristematic and physiological activities which increased assimilate production and early flowering in the crops. Similar observations had been made by Abbas et al., (2003). The increase in grain yield with increasing nitrogen levels could be attributed to higher number of grains per ear which also directly contributed to higher weight of ears per plant, an increase in yield contributing factors therefore directly increasing yield. Total number of grains increased due to the significant reduction in cob barrenness on application of N. The yield increase could also be due to an increase in vegetative components – LAI, NAR and TDM accumulation. According to Balko&Russel (1989) and Nxumaloet al., (1993), increase in maize grain yield after N fertilization is due to an increase in the number of ears per plant, increase in total dry matter partitioned to the grains and an overall increase in average ear weight. Akmalet al., (2010) reported that increased LAI resulted in higher solar capture and radiation use efficiency at the vegetative stage of the plants, leading to an improved net assimilation rate and increased contribution of assimilates to biomass formation. Positive effects of lime were observed in an increased performance of the crop at lower nitrogen rates. In 2010, total grain yield was highest at 80 kg N/ha (2.51 t/ha), compared to 2009 (2.03 t/ha). In the presence of low soil organic matter and available P (Table 1), lime did not significantly influence the TDM, NAR as well as grain yield. Organic matter has been reported to increase the availability and uptake of nutrients in plants. According to Bacquerol and Rojas (2001), low organic matter results in calcium ion leaching as well as reduction in crop productivity. In such situations, applied lime is ineffective in addressing the problems of acidity, hence the zero response of the above mentioned parameters to lime in 2009. Yield reduction above 500 kg/ha lime indicates the effect of lime in reducing crop yields when in excess of soil requirements. This is consonant with results of Hassan et al., (2007) who had reported the effect of over liming leading to decrease in yields of corn.
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CONCLUSION: From the results obtained in this study, it is deduced that lime amendment at 500 kg/ha and nitrogen rate of 80 kg N/ha serve as the best combination of fertilizer for optimum yield of popcorn in Calabar. Liming could greatly benefit farmers in this acidic soils by decreasing the cost of inorganic N fertilizer required for successful popcorn production. References: 1) M. M. Abbas, Z. Rizwan, A. M. Maqsood& M. Rafiq (2003). Maize response to split application of Nitrogen. J. Agric. Biol; 5:19-21. 2) M. Akmal, U. R. Hameed, M. A. Farhatullah, & H. Akbar (2010). Response of maize varieties to nitrogen application for leaf area profile, crop growth, yield and yield components. Pak. J. Bot., 42(3):1941- 1947. 3) L. Aliyu, (2000). Effect of Organic and Mineral Fertilizers on Growth, Yield and Composition of Pepper (Capsicum annuum L) . Biological Agriculture and Horticulture, 18: 29-36. 4) L. G. Balko, and W. A. Russel, (1980). Response of maize inbred lines to N fertilizer. Agron. J., 72:724-728. 5) J. E. Baquerol, and L. A. Rojas (2001). Interaction effects of organic materials and lime on grain yield and nutrient acquisition of three maize varieties grown in an Oxisol of the Colombian eastern plains. Kluiver Acad. Pub. Netherlands. 6) N. C. Brady, and R. R. Weil, (1996). The nature and properties of soils. 11th Edition, Prentice Hall, New Jersey, USA. Pp 57-97. 7) E. F. Caires, F. J. Garbuio, S. Chuka, G. Barth, &J. C. L. Correa, (2008). Effect of soil acidity amelioration by surface liming on – no till corn, soybean, and wheat growth and yield. European J. Agron. 28:57-64. 8) Cross River Basin Development Authority (1995). Cross River Basin News Letter, Jan - Aug. Vol. 1 No. 7. 9) S. C. Eze, and I. U. Obi (2008). Response of UNN popcorn variety to N.P.K fertilizer and lime. In: Proc. 42ndAnnl. Conf.; Agricultural Society of Nigeria (ASN), Ebonyi State. (19-23, Oct, 2008), pp101-105. 10) A.R. Hallauer, (1994).Specialty Corns. Department of Agronomy, Iowa State University, Ames, Iowa. 11) A. M. Hassan, V. O. Chude, S. A.Ibrahim, &P. C. Nwankwo, (2007). Effect of Hydrated lime on the growth of maize at Federal Capital Territory, Abuja. Int’l. J. Agric. Res. 2(5); 495-499. 12) M. A. Hussaini,S. G. Ado, &H. Mani, (2002). Influence of nitrogen management and planting date on the performance of popcorn in the Northern Guinea Savanna of Nigeria. Journal of the sciences of Agriculture, Food Technology and the Environment. 2: (I) 2430. Ebonyi State University, Abakaliki.



542 13) IITA (1982). International Institute of Tropical Agriculture, Maize Production Manual, pp 8- 15. 14) J. E. Iken, and N. A. Amusa, (2010). Consumer acceptability of seventeen popcorn maize (Zea mays L.) varieties in Nigeria. Afr.J. Agric. Res., 5 (5): 405-407. 15) Z. T. Jovanovic, R. Djakovic, LjProkicStikic, & V.H. Sukalovic (2004). Effect of N deficiency on leaf growth and cell wall peroxidase activity in contrasting maize genotypes. Plant and soil, 264:211-223. 16) J. S. C. Mbagwu, (1990). Maize response to N fertilizer under two tillage and mulch treatments. Sci. Food and Agric., 52(3)365-376. 17) R. Mullen, L. Edwin, & W. Maurice (2007). Soil Acidity and liming for Agronomic production. Fact sheet AGF, 505-507, pp1-6. 18) J. J.Nicholaides, P. A Sanchez & S. W. Buol (1993). Proposals for the oxisol-ultisol Network of IBSRAM. North Carolina State University, Raleigh, North Carolina. 19) E. M. Nxumalo, J. Pali-Shikulu and S.M. Dlamini (1993). Assessment of Nitrogen Fertilizer Use in Commercial Hybrids. SADC-Land and Water Research programme, Proceedings of the Fourth Annual Scientific Conference, Winghoek, Namibia, pp 322-329. 20) F. J. Oguntoyinbo, E. A. Aduayi& R. A., Sobulo, (1996).Effectiveness of some local liming materials in Nigeria as ameliorants of soil acidity. J. Plant Nutr.; 19:999-1016. 21) R. O. Onasanya, O. P Aiyelari, A. Onosanya, S. Oikeh, F. E. Nwilene& O. O. Oyelakin (2009). Growth and yield response of maize (Zea mays L.) to different rates of nitrogen and phosphorus fertilizers in southern Nigeria. World J. Agric. Sci., 5(4):400-407. 22) R. A. Sobulo, (1980). Nitrogen and potassium balance in maize in the humid tropics. Proceedings of International Conference on Nitrogen cycling in West Africa’s Ecosystems, pp:311-375. 23) D. F. Uwah, M.G. Solomon and F. I Nya (2005). Response of rainfed popcorn (Zea mays everta) to nitrogen and inter-row spacings in south eastern rainforest of Nigeria. J. Appl. Chem. & Agric. Res.(9): 21-29. 24) M. LVitosh,,J. W. Johnson, and D. B. Mengal, (1996). Tri-state fertilizer recommendations for corn, soybeans, wheat and alfalfa. Ext. Bull. E-2567, Mich. State Univ., E. Lansing, MI.
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