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Effect of Different Levels of NPK and Zn on Yield and Nutrient Uptake by Hybrid Maize (COHM 5) in Pilamedu and Palaviduthi series of Tamil Nadu M. Paramasivan*, K.R. Kumaresan, P. Malarvizhi, S. Mahimairaja and K. Velayudham Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University, Coimbatore - 641 003



The study was undertaken to find out the nutrient optima for maximum yield and the nutrient removal by hybrid maize through balanced fertilization by a systematic approach on soil fertility evaluation proposed by Portch and Hunter (1988). In nutrient sorption study, the nutrients viz. phosphorus (P), potassium (K) and zinc (Zn) were found as limiting nutrients in both Pilamedu (Plm) and Palaviduthi (Pvd) series and were considered as deficient nutrients. The optimum nutrient levels of NPK and Zn were fixed by sorption studies as 200: 60: 25:10 200:76:88:7.4 for these soil series. Nitrogen level was fixed for optimum nutrient treatment at 200 kg ha-1 as prescribed by Portch and Hunter (2002) for this experimental soil series (N2P2K2Zn) with a zero level and one below and one above this level of N were arrived. The field experiments were conducted at farmers' fields with maize (COHM 5) as a test crop. The highest grain yield (8.15 and 7.71 t ha-1) were recorded in the treatment with 250:60:25:10 and 250:76:88:7.4 kg of NPK and Zn ha-1 for Pilamedu and Palaviduthi series. The highest total N uptake (260.60 and 243.44 kg ha-1) of maize in Pilamedu and Palaviduthi series were noticed in the treatment with 250:60:25:10 and 250:76:88:7.4 kg of NPK and Zn ha-1. The application of 200:75:25:10 and 200:95:88:7.4 kg of NPK and Zn ha-1 resulted in the highest total P uptake (77.38 and 73.82 kg ha-1, respectively) in both series. The highest total K uptake (219.47 and 206.50 kg ha-1) were observed for the treatment of 200:60:31.25:10 and 200:76:110:7.4 kg of NPK and Zn ha-1. The application of 250:60:25:10 and 250:76:88:7.4 kg of NPK and Zn ha-1 resulted in the highest total Zn uptake (1.787 and 1.414 kg ha-1) in Pilamedu and Palaviduthi series, respectively. Keywords: Sorption study, optimum nutrient treatment, Pilamedu, Palaviduthi, soil series, Zea mays, grain yield, nutrient uptake.



Maize (Zea mays L.) is one of the most important cereals, next to wheat and rice in the world as well as in India. Maize is a miracle crop called as "Queen of Cereals" and is grown in more than 130 countries. The world maize cultivation area is 146 million hectares with a productivity of 685 million tonnes and an average production of 4700 kg ha-1. In India, maize is cultivated in 26.7 million hectares with a production of 34 million tonnes and the average yield is 1280 kg ha-1. In Tamil Nadu, maize is cultivated in an area of 0.18 million hectares with a production of 0.29 million tonnes and an average productivity of 1552 kg ha-1 (Season and Crop Report, 2005). By 2020, the requirement of maize for various sectors will be around 100 million tonnes, of which poultry sector needs 31 million tonnes. Hence, it may be a very difficult task for us to increase the maize production from the present level of 34 to 100 million tonnes (Seshaiah, 2000). The concept of balanced fertilization paves the way for optimum plant nutrient supply to the full yield potential of crop and takes care of nutrient stress of soil. A systematic *Corresponding author email: [email protected]



approach to soil fertility evaluation as proposed by Portch and Hunter (1988) envisages the optimization of fertilizer requirement for crop based on the nutrient sorption characteristics of soil. The present study is one such attempt to evolve fertilizer optima for hybrid maize (COHM 5) and to find out the uptake of nitrogen (N), phosphorus (P), potassium (K) and zinc (Zn) in benchmark soil series of Pilamedu and Palaviduthi belong to the order of Vertisol and Alfisol, which are the major maize growing soils in Tamil Nadu. Materials and Methods For nutrient sorption study, the experimental soil viz., Pilamedu series was collected from farmer's field at Pommanapadi village, Perambalur Taluk of Perambalur District. The soil series is extensively found in districts of Perambalur, Thanjavur, Trichirapalli, Madurai, Pudukkottai with a total extent of 2,53,769 ha. The Peelamedu series is a member of fine, very deep, montmorillionitic isohyperthermic family of Typic Haplustert. Typically this series soils are clay



335 loam to sandy clay loams, neutral to slightly alkaline in A horizon; clay loam to clay texture in B horizon overlying weathered calcareous gneiss. The soil comprises of poorly drained to slightly alkaline very deep drained with slow permeability (Soil Survey Staff, 1975). The soil pH was 7.95 and low in EC (0.3 dSm-1) was within the permissible limits. The cation exchange capacity of the soil was 43.2°c mol (p+) kg-1. The soil was low in available nitrogen (249.5 kg ha-1) and medium in available phosphorus (20.2 kg ha-1) and high in available potassium (316 kg ha-1). It contained 38.4°c mol(p+)kg-1 exchangeable Ca and 8.3°c mol (p + )kg -1 exchangeable Mg. The available Zn, Fe, Cu and Mn were 2.0, 43.2, 5.49 and 18.4 mg kg-1, respectively. The Palaviduthi soil series is extensively found in districts of Dindigul, Theni and Trichy with a total extent of 1,39,876 ha. For nutrient sorption study, the soil was collected from a farmer's field of Kamatchipuram village in Periyakulam taluk of Theni district of Tamil Nadu. Palaviduthi series is a member of fine, mixed isohyperthermic family of Typic Rhodustalfs (Soil Survey Staff, 1975), fine loamy, moderately well drained. The soil is sandy loam to sandy clay loam in nature, reddish brown to dark reddish brown in colour, well drained, moderately deep with rapid permeability. The soil reaction was 7.54 and low in EC (0.07 dSm-1) which was within the permissible limits. The cation exchange capacity of the soil was 19.7c mol (p+) kg-1. The soil was in low status for organic carbon (0.41 per cent). The N (177 kg ha-1) availability was low, while P (14.4 kg ha-1) and K (272 kg ha-1) availabilities were medium. It contained 11.3°c mol (p+) kg -1 exchangeable Ca and 3.97°c mol (p+) kg -1 exchangeable Mg. The available Zn, Fe, Cu and Mn content were 2.6, 41.07, 4.4 and 15.3 mg kg -1 respectively. Field experiments were conducted in the farmers' field in order to study fertilizer optima for maize (COHM 5) and also to find out the nutrient removal by maize crop. The field experiment consisted of thirteen treatment combinations. In all the cases the P and K indicate P2O5 and K2O. The optimum nutrient treatment (ONT) formed the central treatment (N2P2K2Zn). In each case of N, P and K there were three more levels, viz., a zero level, one below and another above the ONT level. Except the variable nutrient, other nutrients were kept equal to that of ONT. There is one treatment which is ONT minus Zn, except this treatment all the other treatments received Zn as in ONT. A blanket fertilizer treatment was included for comparison. The treatments were replicated three times in a Randomized Block Design (RBD). The hybrid maize var. COHM 5 was sown during last week of July 2008 and harvested during second week of October 2008. The cultivation aspects were followed as per the guide lines of Crop Production Guide of Tamil Nadu Agricultural University. The fertilizer sources



used for the field experiment were urea for N (46 per cent N), single super phosphate for P (16 per cent water soluble P2O5), muriate of potash for K (60 per cent of K2O) and zinc sulphate for Zn (22 per cent Zn). Full dose of P, K and Zn and one third of N were applied to maize as basal at the time of sowing. The remaining dose of N was top dressed in 2 equal splits at 25 and 45 days after sowing. The plant samples were analysed for N, P, K and Zn as per the standard procedures. The observations on yield attributes, grain and stover yield was recoded and statistically analysed. The details of the treatments for this series are given in table 1. Table 1. Treatmental details and nutrient levels for field experiment in Palavidudhi and Pilamedu soil series Nutrient doses (kg ha-1) Treatment



Palaviduthi series



Pilamedu series N



P



K



Zn



N



P



K



Zn



N0P2K2Zn



0



60



25



10



0



76



88



7.4



N1P2K2Zn



150



60



25



10



150



76



88



7.4



N2P2K2Zn (ONT) 200



60



25



10



200



76



88



7.4



N3P2K2Zn



250



60



25



10



250



76



88



7.4



N2P0K2Zn



200



0



25



10



200



0



88



7.4



N2P1K2Zn



200



45



25



10



200



57



88



7.4



N2P3K2Zn



200



75



25



10



200



95



88



7.4



N2P2K0Zn



200



60



0



10



200



76



0



7.4



N2P2K1Zn



200



60



18.75



10



200



76



66



7.4



N2P2K3Zn



200



60



31.25



10



200



76



110



7.4



N2P2K2Zn0



200



60



25



0



200



76



88



0



Blanket



135



62.5



50



5.5



135



62.5



50



5.5



Control



0



0



0



0



0



0



0



0



Results and Discussion In general, the treatment receiving higher dose of N influenced the yield and yield attributes of hybrid maize (COHM 5). The grain yield and yield attributes such as cob length, cob girth, number of grain rows cob-1, number of grains row-1 and hundred grain weight were significantly influenced. The successive increase in N levels upto 250 kg N ha-1 resulted in higher grain and stover yields than the excess levels of P and K. The total uptake of nutrients by the grain and stover of maize was significantly varied with various treatments. The higher levels of NPK and Zn strongly influenced the total uptake than the treatments with lower levels of fertilizers. Yield attributes



In Pilamedu series, the longest cob (19.9 cm), maximum cob girth (15.2 cm), highest number of grain rows per cob (15.5), grains row-1 (38.2) and hundred grains weight (28.52 g) were obtained from the treatment with 250:60:25:10 kg of NPK and Zn ha-1 followed by the optimum nutrient treatment with 200:60:25:10 kg of NPK and Zn ha-1 (19.2 cm), (14.9 cm), (14.9), (35.5) and (26.13g) (Table. 2). In Palaviduthi series, the longest cob (19.0 cm), maximum cob girth (15.2 cm), highest number of



336 Table 2. Effect of treatments on yield parameters of hybrid maize (COHM 5) in Palaviduthi (Pvd) and Peelamedu (Plm) soil series Palaviduthi series Treatment



Grains row -1



Pilamedu series



Cob length (cm)



Cob girth (cm)



Grain rows cob-1



Grain rows cob-1



Grains row -1



100 grains wt (g)



N0P2K2Zn



14.6



12.4



12.9



27.7



21.94



14.0



12.2



12.6



27.0



21.73



N1P2K2Zn



17.5



13.4



14.2



32.6



23.26



N2P2K2Zn (ONT)



19.2



14.9



14.9



35.5



26.13



16.3



13.4



14.2



31.0



25.26



18.3



14.6



14.6



35.5



N3P2K2Zn



19.9



15.2



15.5



38.2



26.34



28.52



19.0



15.2



15.1



36.9



N2P0K2Zn



15.4



12.5



13.4



27.49



29.0



22.30



14.8



12.3



13.2



28.5



N2P1K2Zn



16.5



13.6



22.35



14.1



31.4



24.82



15.7



13.5



14.2



30.1



N2P3K2Zn



18.3



24.59



14.7



14.6



33.5



26.81



17.8



14.5



14.3



34.1



N2P2K0Zn



25.48



16.4



13.5



13.2



29.5



22.31



16.1



13.3



13.1



28.9



22.47



N2P2K1Zn



17.5



14.2



14.2



31.1



25.23



16.9



14.3



14.0



30.3



25.24



N2P2K3Zn



18.5



14.7



14.6



34.5



26.04



18.2



14.7



14.5



34.3



26.91



N2P2K2 Zn0



15.8



13.1



13.3



30.6



23.31



15.3



13.1



13.1



30.2



23.18



Blanket



16.2



13.2



13.9



31.8



23.58



15.9



13.2



13.4



30.3



24.35



Control



13.7



11.8



12.2



25.0



20.40



13.3



116.0



12.0



24.4



20.43



SEd



0.2



0.1



0.1



0.3



0.24



0.3



0.1



0.1



0.2



0.38



CD (0.05)



0.4



0.2



0.2



0.6



0.50



0.7



0.2



0.2



0.5



0.78



grain rows per cob (15.1), grains row-1 (36.9) and hundred grains weight (27.49 g) were obtained from the treatment with 250:76:88:7.4 kg of NPK and Zn ha-1 followed by the optimum nutrient treatment with 200:76:88:7.4 kg of NPK and Zn ha-1 (18.3 cm), (14.6 cm), (14.6), (35.5) and (26.34g) (Table. 2). The blanket recommendation in both soils gave the lower values of growth and yield attributes than the ONT. The treatments were omitted with N or P or K recorded the lowest values which was closer to the absolute control. These results are in conformity with the findings of Ramachandrappa et al. (2007). This might be due to continuous supply of major nutrients at the time of its critical phases of the crop growth. Similar results were observed by Dilip Singh and Singh (2006). Grain and stover yield



In Pilamedu series, significantly highest grain and stover yield (8.15 and 14.63 t ha-1) were recorded with the application of 250:60:25:10 kg of NPK and Zn ha-1 (Table. 3). The application of 200:60:25:10 kg of NPK and Zn ha-1 resulted in the next highest grain and stover yields (7.21 and 12.35 t ha-1, respectively). The blanket recommendation recorded the lower yield (6.11 and 9.68 t ha-1) than the treatment enhanced with N or P or K. The treatments omitted with N or P or K or Zn recorded poor yield and which were very closer to the absolute control. The per cent increased in grain yields (33.7 and 182.3 per cent) over blanket and control were obtained from the treatment with 250:60:25:10 kg of NPK and Zn ha-1 in this series. The next highest yields of grain (18.0 and 149.8 per cent) were recorded in the optimum nutrient treatment with 200:60:25:10 kg of NPK and Zn ha-1 over blanket and control.



Cob length (cm)



100 grains wt (g)



Cob girth (cm)



In Palaviduthi series, the highest grain and stover yield (7.71 and 14.05 t ha-1) were recorded with the application of 250:76:88:7.4 kg of NPK and Zn ha-1 (Table. 3). The application of 200:76:88:7.4 kg of NPK and Zn ha-1 resulted in the next highest grain and stover yields (7.18 and 12.06 t ha-1, respectively). The blanket recommendation recorded the lower yield (5.92 and 9.06 t ha -1) than the treatment enhanced with N or P or K. The treatments omitted with N or P or K or Zn were preformed with poor yield and which were very closer to the absolute control. The per cent increase in grain yields (30.3 and 189.2 per cent) over blanket and control were obtained from the treatment with 250:76:88:7.4 kg of NPK and Zn ha-1 in this series. The next highest yield of grain (21.3 and 169.3 per cent) were recorded in the optimum nutrient treatment with 200:76:88:7.4 kg of NPK and Zn ha-1 over blanket and control. This yield increase was mainly due to significant improvement in the yield attributes due to balanced supply of nutrients. Similar findings were also reported by Surendra Singh and Sarkar (2001) and Balyan et al. (2006). Further, this finding is in agreement with Parthipan and Prem Sekhar (2003) who reported that higher grain and stover yields of hybrid maize were recorded with 200 kg of N ha-1 and also by Kins Varghese and Gautam Ghosh (2006). The N enhanced the growth attributes such as plant height, stem diameter and leaf area index resulting in increased dry matter production. This result is in conformity with the findings of Ayub et al. (2002) and Hani A.Eltelib et al. (2006). Total nutrients uptake Nitrogen



In Pilamedu series, the treatment which received 250:60:25:10 kg of NPK and Zn ha-1 registered the



337 highest total N uptake (280.60 kg ha-1) followed by the treatment with 200:60:25:10 kg of NPK and Zn ha-1, which registered the next highest total N uptake (223.53 kg ha-1). The blanket recommendation of fertilizers as 135:62.5:50:5.5 kg of NPK and Zn ha-1 gave the lower values of total N uptake (141.75 kg ha-1) (Table.3). In Palaviduthi series, the treatment which received 250:76:88:7.4 kg of NPK and Zn ha -1 registered the highest total N uptake (243.44 kg ha1 ) followed by the treatment with 200:76:88:7.4 kg of NPK and Zn ha-1, which registered the next highest



total N uptake (209.43 kg ha-1) (Table. 3). The highest N uptake might be due to the higher utilization of N from soil by maize due to the demand of N nutrition for growth and development of the crop. Similar results were reported by Panwar and Munda (2006), Rana and Choudhary (2006) and Hile et al. (2007). The blanket recommendation of fertilizers (135:62.5:50:5.5 kg of NPK and Zn ha-1) recorded lower values of total N uptake (127.04 kg ha-1). The treatments applied with below the level of ONT (N1) recorded the lower level of N uptake. The treatment with omission of N and absolute control have recorded poor N uptake.



Table 3. Effect of treatments on yield and nutrient uptake by hybrid maize (COHM 5) in Palaviduthi (Pvd) and Peelamedu (Plm) soil series Pilamedu series Treatment



Yield (t ha-1)



Palaviduthi series



Total nutrients uptake (kg ha-1)



Yield (t ha-1)



Grain



Stover



N



P



K



Zn



N0P2K2Zn



3.50



6.32



76.81



29.77



105.14



0.830



Grain Stover 3.15



N1P2K2Zn



6.10



Total nutrients uptake (kg ha-1) N



P



K



Zn



64.00



28.01



97.97



0.663



6.21



10.48



158.47



43.80



149.35



1.036



6.07



9.93



135.60 41.04



136.65



0.796



N2P2K2Zn (ONT) 7.21



12.35



223.53



66.90



203.81



1.452



7.18



12.06



209.43 66.81



192.28



1.193 1.414



N3P2K2Zn



8.15



14.63



280.60



53.26



181.92



1.787



7.71



14.05



243.44 62.76



177.64



N2P0K2Zn



4.08



7.93



123.67



23.08



118.50



0.889



3.72



7.79



105.55 23.08



113.87



0.703



N2P1K2Zn



6.40



10.15



162.58



49.91



143.68



1.059



6.23



10.03



144.14 43.28



139.80



0.890



N2P3K2Zn



7.20



11.49



218.88



77.38



187.34



1.273



7.09



11.07



199.31 73.82



176.35



1.109



N2P2K0Zn



3.55



7.15



120.16



33.29



82.24



0.874



3.87



6.96



107.74 30.39



81.87



0.709



N2P2K1Zn



6.24



9.97



161.40



45.40



145.88



1.070



6.14



9.43



144.13 42.42



132.74



0.890



N2P2K3Zn



7.02



11.88



215.79



61.88



219.47



1.322



7.08



11.78



198.50 51.83



206.50



1.160



N2P2K2 Zn0



5.95



9.45



123.60



36.09



127.55



0.590



5.75



9.05



121.50 34.86



121.51



0.543



Blanket



6.11



9.68



141.75



39.79



136.53



0.910



5.92



9.06



127.04 38.73



127.02



0.754



Control



2.89



5.82



52.10



18.44



70.20



0.410



2.67



5.06



47.23



65.05



0.360



0.19



8.12



2.28



7.18



0.05



0.11



0.21



7.30



2.20



6.74



0.03



0.20



0.41



16.74



4.71



14.82



0.11



0.22



0.55



15.06



4.54



13.94



SEd



0.10



CD (0.05)



17.19



0.06



Phosphorus



Potassium



In Pilamedu series, the highest total P uptake (77.38 kg ha-1) was noticed in the treatment with 250:75:25:10 kg of NPK and Zn ha -1 and this treatment was on par with the treatment 200:60:25:10 kg of NPK and Zn ha-1 (66.90 kg ha-1). The blanket recommendation of fertilizers as 135:62.5:50:5.5 kg of NPK and Zn ha-1 gave the lower values of total P uptake (39.79 kg ha-1 (Table.3).



Similar to N and P, the total K uptake also varied significantly with higher levels of K application. In general, the K uptake was increased with crop growth and maturity of the crop. In Pilamedu series, the application of 200:60:31.25:10 kg of NPK and Zn ha-1 had registered the highest values (219.47 kg ha-1) of total K uptake followed by the application of 250:60:25:10 kg of NPK and Zn ha-1 (203.81 kg ha-1) (Table.3).



In Palaviduthi series, the highest total P uptake (73.82 kg ha-1) was noticed in the treatment with 200:95:88:7.4 kg of NPK and Zn ha-1 and on par with 200:76:88:7.4 kg of NPK and Zn ha-1 (66.81 kg ha-1). This might be due to the higher doses of P fertilization, which facilitated the availability of nutrients at all stages of crop growth. The findings are in agreement with those of Karki et al. (2005) and Sunil Kumar et al. (2005). The blanket fertilizer recommendation (135:62.5:50:5.5 kg of NPK and Zn ha-1) in both series gave the lower values of total P uptake (39.79 and 38.73 kg ha-1). The treatment with omission of P and absolute control have recorded lowest total P uptake.



In Palaviduthi series, the application of 200:76:110:7.4 kg of NPK and Zn ha-1 had registered the highest values of total K uptake (206.50 kg ha-1) followed by the application of 200:76:88:7.4 kg of NPK and Zn ha-1 (192.28 kg ha-1). Treatments without K and absolute control were recorded the lowest values of total K uptake. The highest total K uptake was due to enhanced levels of K application in soil. Zinc



In Pilamedu series, the highest total Zn uptake (1.787 kg ha-1) was observed with 250:60:25:10 kg



338 of NPK and Zn ha-1 followed by 200:60:25:10 kg of NPK and Zn ha-1 (1.452 kg ha-1) (Table.3). In Palaviduthi series, the highest total Zn uptake (1.414 kg ha-1) was observed with 250:76:88:7.4 kg of NPK and Zn ha-1 followed by 200:76:88:7.4 kg of NPK and Zn ha-1 (1.193 kg ha-1) (Table. 3). The lowest values of total Zn uptake were observed from the treatments without N and Zn and in control. The application of higher doses of N with Zn enhanced the availability of Zn in maize. These results are in accordance with the findings of Karki et al. (2005) and Dipankar Kar et al. (2007). The uptake of Zn increased significantly due to the higher amounts of applied N,P and K nutrients. The results corroborated with the findings of Brar et al. (2000) and Dwivedi et al. (2002). Conclusion From the experimental results, it can be concluded that the application of 250:60:25:10 and 250:76:88:7.4 kg of NPK and Zn ha-1 were better for maximum yield and better soil nutrient management in Pilamedu and Palaviduthi series. Hence, these fertilizer application can be recommended for hybrid maize (COHM 5) in Pilamedu and Palaviduthi series in Tamil Nadu. Acknowledgement The authors express their sincere thanks to International Plant Nutrition Institute-India Programme for funding the scheme "Investigations on Balanced Fertilization for breaking Maize (Corn) yield barriers in Tamil Nadu" and providing financial assistance during the research period. References Ayub, M., Nadeem, M.A., Sharar, M.S. and Mahmood, N. 2002. Response of maize (Zea mays L.) fodder to different levels of nitrogen and phosphorus. Asian J. Plant Sci., 1: 352-354. Balyan, J.K., Singh, P., Kumpawat, B.S. and Jain, L.K. 2006. Effect of integrated nutrient management on maize (Zea mays L.) growth and its nutrients uptake. Curr. Agric., 30: 79-82. Brar, B.S., Dhillon, N.S. and Chima, H.S. 2000. Integrated use of farm yard manure and inorganic fertilizers in maize. Indian J. Agric. Sci., 71: 605-607. Dilip Singh and Singh, S.M. 2006. Response of early maturing maize (Zea mays L.) hybrids to applied nutrients and plant densities under agro climatic conditions of Udaipur in Rajasthan. Indian J. Agric. Sci., 76: 372-374. Dipankar Kar, Ghosh, D and Srivastava, P.C. 2007. Efficacy evaluation of different Zn organo carplexes in
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