
Annals of Plant and Soil Research 19(4): 355-359 (2017)  Productivity, quality and nutrients uptake of some rabi crops under zinc nutrition in alluvial soil  SANDEEP SINGH AND VINAY SINGH  Department of Agricultural Chemistry and Soil Science Raja Balwant Singh College, Bichpuri (Dr. B.R.A. University) Agra-283 105 (U.P.), India  Received: July, 2017; Revised accepted, October, 2017  ABSTRACT          A field experiment was conducted during winter season of 2012-13 and 2013-14 at farmers field at Panwari village of district Agra (U.P.) to study the effect of zinc levels on yield, quality and uptake of nutrients by various rabi crops. The treatments comprised five levels of zinc (0, 2, 4, 6 and 8 kg ha-1) and three crops namely lentil (Lens culinaris), lniseed (Linum usitatissimum) and wheat (Triticum aestivum) were evaluated with randomized block design with and replications. The results revealed that the application of zinc significantly increased the grain and straw yield of lentil up to 4 kg Zn ha-1 and those of linseed and wheat grain and straw up to 6 kg Zn ha-1. The magnitude of response to zinc application differed from crop to crop and were recorded as lentil (25.8%) > linseed (23.4%) > wheat (16.0%). Successive zinc levels had a significant beneficial effect on its uptake by all the three crops up to 6 kg Zn ha-1. The maximum removal of zinc was recorded with wheat while that of minimum with linseed. The higher amount of protein was recorded in lentil and protein yield in wheat. Zinc application significantly increased the content and yields of protein in these crops over control and maximum values were recorded at 8 and 6 kg Zn ha-1, respectively. The oil percentage and oil yield in linseed seeds also improved with Zn addition over control. The apparent recovery of zinc was influenced by its levels with maximum at 4 kg Zn ha-1 in wheat and where maximum (1.22 %) apparent recovery was recorded with 4 kg Zn ha-1. Better Zn use efficiency in lentil 72.0 kg produce/kg Zn applied), linseed (60.5 kg producing/kg Zn applied) and wheat (111.7 kg produce/kg Zn applied) was obtained with 4 kg Zn ha-1. The Zn use efficiency decreased with its increasing levels and minimum use efficiency was recorded with 8 kg Zn ha-1.   Keywords:  Apparent recover, lentil, linseed, oil, protein, wheat, yield, zinc.  INTRODUCTION  Zinc is one of the essential plant micronutrients and its importance for crop production is similar to that of major nutrients. Intensive agriculture coupled with the continuous use of NPK fertilizers has remarkably increased production but simultaneously brought about problems related to micronutrient deficiencies, particularly that of Zn in soils. About 46 % of the soils of our country are deficient in zinc. Zinc is an important and essential limiting micronutrient for proper growth of the crops (Chaudhary et al. 2014). These crops have a high zinc requirement due to its many functions in plant growth. Zinc is involved in many enzymatic aetivilies. Zinc is essential for synthesis of tryptophan a component of some proteins and a compound needed for the production of growth hormones (auxins) such as indole acetic acid. It is also involved in chlorophyll synthesis, enzyme activation and cell membrane integrity. 

Response to applied Zn for better growth and yield of legumes, cereals and oil seed crops has been reported from almost all corners of the country (Chaudhary et al. 2014, Sharma et al. 2014, Upadhyay, 2012) including Uttar Pradesh. The response of zinc differed widely among the field crops (lentil, linseed and wheat) because of wide variations in sensitivity to zinc stress and soil types. The information regarding the differential behavior of these crops to zinc application under identical soil and weather conditions was considered to be of interest. It was felt imperative to find out the relative response of lentil, linseed and wheat crops to zinc application for higher production and profitability. However, the information pertaining to relative response of lentil, linseed and wheat crops to zinc application in light textured soil is limited. Therefore, the present investigation was planned to compare the response of lentil, linseed and wheat crops to zinc application in alluvial soils of Agra region of Uttar Pradesh. 



 SANDEEP SINGH and VINAY SINGH 356  MATERIALS AND METHODS   A field experiment was conducted during rabi seasons of 2012-13 and 2013-14 at farmer’s field at Panwari (Agra) which is situated at 27o 14’ N latitude and 77o 78’ longitude at an altitude of 168 meter above the mean sea level. The experimental site falls under South-west semi-arid zone and characterized by semi-arid climate with extreme temperature during summer (45 to 48° C) and very low temperature during winter (as low as 2°C). The average rainfall is about 650 mm, most of which is received from June to September. The experimental soil was sandy loam in texture Typic Ustochrept having pH 7.9, organic carbon 3.1 g kg-1, available N 155 kg ha-
1, available P 9.2 kg ha-1, available K 110 kg ha-1, available S 15 kg ha-1and DTPA-Zn 0.55 mg kg-
1. The experiment was laid out in randomized block design with four replications. The treatments consisted of five rates of Zn (0, 2, 4, 6 and 8 kg Zn ha-1) and three crops (linseed, wheat and lentil). The linseed, wheat and lentil (var. Rohini) were sown on November 16, in both the years. A basal dose of NPK for linseed (80, 60 and 40 kg ha-1), wheat 150, 60 and 40 kg ha-1 and lentil 20, 60 and 40 kg ha-1 was applied through urea. Di-ammonium phosphate and muriate of potash respectively. Half dose of N and full dose of P and K were applied at the time of sowing of the crop. Remaining N was top dressed after one month of sowing appropriate management practices were adopted to raise the crops. Crops were harvested at maturity. Seed/grain and straw/stover samples were digested in di-acid mixture of HNO3: HCIO4 (10:4) and zinc content was determined on atomic absorption spectrophotometer. Nitrogen content was estimated by modified Kjeldahl method (Jackson (1973). Oil content in the whole seed of linseed was determined by 

employing non-destructive method of oil estimation using nuclear magnetic resonance, spectroscope Newport analyzer model MK 111 A.  The uptake of zinc was obtained as product of its concentrations and yield.   RESULTS AND DISCUSSION  Yield  Yields of linseed, wheat and lentil crops increased significantly with the application of zinc over control. The highest yield (51.63q ha-1) of wheat grain and 13.11q ha-1 of linseed seed were recorded with 6 kg Zn ha-1. On the other hand, the highest grain yield of lentil (14.12 q ha-
1) was recorded at 4 kg Zn ha-1. The increases in linseed seed yield due to 2, 4, 6, and 8 kg Zn ha-
1 over control were 7.9, 23.4, 27.2 and 17.2 per cent, respectively. The corresponding increases in grain yield of wheat were 3.7, 10.0, 16.0, and 14.6 percent. The increases in grain yield of lentil due to 2, 4, 6 and 8 kg Zn ha-1 were 12.6, 25.8, 20.0 and 9.7 percent, respectively. In general, there was a reduction in yields of all the crops at 8 kg Zn ha-1. But all the levels of Zn tried in the present study were significantly superior in respect of yields of different crops over control. The soil of experimental soil possessed inadequate level of zinc to meet the requirement of these crops. As such the responses to zinc application observed in the present investigation are not unexpected. The increases in yield may be because of higher rate in protein synthesis and enhanced photosynthetic activity of the plants with increased chlorophyll synthesis due to fertilization with zinc. Several other workers have also reported responses of the crops to zinc application (Upadhyay, 2012, Chaudhary et al. 2014, Singh and Singh, 2012).  Table 1: Effect of zinc levels on yields of some rabi crops (mean of 2 years)  Zinc (kg ha-1) Linseed % increase in grain yield Lentil % increase in grain yield Wheat % increase in grain yield Seed Stover Grain Straw Grain Straw 0 10.31 14.74 - 11.22 16.37 - 44.49 66.30 - 2 11.13 16.03 7.9 12.64 17.94 12.6 46.15 68.78 3.7 4 12.73 17.69 23.4 14.12 21.74 25.8 48.96 73.92 10.0 6 13.11 18.63 27.2 13.47 19.654 20.0 51.63 78.96 16.0 8 12.08 16.54 17.2 12.31 17.45 9.7 51.0 77.27 14.6 SEm+ 0.33 0.47 - 0.26 0.36  0.87 1.07  CD (P=0.05) 0.71 1.02  0.56 0.77  1.95 2.35  



357 Productivity and nutrients uptake of rabi crops under zinc nutrition  The application of zinc brought about a significant improvement in yields of the crops but the magnitude of increase varied appreciably. The addition of 4 kg Zn ha-1, on an average, increased the seed yield of linseed, grain yield of wheat and grain yield of lentil by 23.4, 16.0, and 25.8 per cent, respectively. From these figures, it may be concluded that lentil gave highest yield response under 4 kg Zn ha-1 application followed by linseed (23.4), and wheat (16.0%). Differential responses of various crops to added zinc sulphate have also been reported by Sharma et al. (2002).  Qualitative studies   A study of the data (Table 2) clearly indicates that the levels of zinc had significant beneficial effect on protein percentage in crops. In general, lower values of protein content were recorded with control. The values of protein content in linseed seeds increased from 22.1 % at control to 23.7% at 8 kg Zn ha-1. The corresponding increase in wheat grain was from 10.6 to 12.4 per cent. The protein content in 

lentil grain increased from 20.5% at control to 22.3 percent at 8 kg Zn ha-1 Zinc functions in plants largely as a metal activators and enzymes like cysteine, desulphydrase dihydropepetides, glycylglycinoe dioepidase etc. Thus, addition of zinc might have activated the enzymes responsible for the production of protein. Among these crops, the maximum and minimum values of protein content were recorded in lentil grain and wheat straw, respectively, irrespective of zinc levels. Similar results were reported by Chauhan et al. (2014). A study of table 2 reveals that the maximum values of protein yield were recorded in wheat and minimum values in linseed due to lower seed production. The increasing levels of zinc from 0 to 6 kg ha-1 significantly increased the protein production in almost all the crops. In wheat crop, the maximum protein yield was recorded under 8 kg Zn ha-1. This increase in protein yield may be attributed to greater production of the crops and improvement in protein percentage. The increase in protein yield with zinc application has been reported by Chauhan et al. (2014) and Upadhyay (2012).  Table 2: Effect of zinc levels on protein and oil in crops (mean of 2 years)  
Zinc (kg ha-1) 

Lentil Wheat Linseed Oil content (%) 
Oil yield (kg ha-1) Protein % Protein yield (kg ha-1) 

Protein % Protein yield (kg ha-1) 
Protein % Protein Yield (kg ha-1) Grain Straw Grain Straw Seed Straw 

0 20.5 4.6 230.0 10.6 3.4 471.5 22.1 5.0 227.8 40.1 413.4 2 21.0 4.9 265.4 11.3 3.8 521.4 22.6 5.4 251.5 40.5 450.7 4 21.6 5.4 305.0 11.8 4.2 577.7 23.0 5.7 292.7 41.1 523.0 6 22.0 5.7 296.3 12.1 4.6 624.0 23.3 6.0 305.4 41.7 541.4 8 22.3 6.0 274.5 12.4 4.8 632.4 23.7 6.3 286.2 42.8 517.1 SEm+ 0.25 0.10 3.70 0.14 0.06 11.2 0.20 0.07 2.9 0.10 8.2 CD (0.05) 0.55 0.22 8.0 0.32 0.14 24.2 0.43 0.16 6.2 0.22 17.6  Oil content in linseed seed increased significantly with zinc application over control. The highest oil content (42.8%) was recorded with 8 kg Zn ha-1. Upadhyay (2012) also reported similar results. The oil production increased significantly with every increase in level of Zn and maximum value of oil yield (541.4 kg ha-1) was recorded with 6 kg Zn ha-1. Positive effect of Zn on oil production may be attributed to marked important in seed production (Upadhyay, 2012).   Uptake of zinc by crops               A study of Table 3 indicates that the uptake of zinc was highest in wheat crop and 

lowest in linseed. The uptake of Zn by the crops increased significantly with zinc addition over control. The maximum uptake values of zinc were noted at 6 kg Zn ha-1. The zinc uptake by linseed seed, wheat grain and lentil grain increased from 34.0 to 51.7, 129.0 to 208.0 and 23.6 to 57.6 g ha-1 with 6, 8 and 4 kg Zn ha-1 over control, respectively. The corresponding values of zinc uptake by the straw/stover of crops were from 35.4 to 64.6, 145.8 to 262.7 and 39.2 to 72.6 g ha-1. This increase may be ascribed to higher yields of the crops as well as improvement in zinc content of these crops due to zinc addition. Singh (2017), Upadhyay (2012) and Chaudhary et al. (2014) reported an 



 SANDEEP SINGH and VINAY SINGH 358  increase   in   Zn   uptake   by   the   crops    with      Zn application.   Table 3: Effect of zinc levels on Zn (g ha-1) uptake by the crops (mean of 2 years)  Zinc (kg ha-1) Linseed Wheat Lentil Seed Stover Total Grain Straw Total Grain Straw Total 0 34.0 35.4 69.4 129.0 145.8 274.8 33.6 39.2 72.8 2 39.0 42.3 81.3 153.2 183.6 336.8 44.4 50.6 95.0 4 48.9 54.0 102.9 178.1 218.0 396.1 57.1 72.6 129.7 6 51.7 64.6 116.3 198.8 258.1 456.9 57.6 69.7 127.3 8 48.5 60.4 108.9 208.0 262.7 470.7 55.1 67.0 122.1 SEm+ 1.65 1.30 3.05 3.80 1.58 4.60 1.15 1.45 2.41 CD (0.05) 3.55 2.80 6.56 8.17 3.90 9.90 2.48 3.11 5.18  Efficiency indices  A study of Table 4 reveals that the apparent recovery (%) of zinc was influenced by zinc levels with maximum at 4 kg Zn ha-1. The maximum mean values of apparent recovery of zinc by linseed, wheat, and lentil were 0.37, 1.22 and 0.70 percent, respectively at 4 kg Zn ha-1. The ranges of mean apparent recovery in 

linseed, wheat and lentil were from 0.17 to 0.37, 0.98 to 1.22 and 0.26 to 0.70 percent, respectively. The minimum values of apparent recovery of zinc in all the crops were noted at 8 kg Zn ha-1 level.   On the basis of mean values of apparent recovery, these crops may be arranged in descending order: wheat (0.22%) > lentil (0.70%) > linseed (0.37).   Table 4: Percent apparent recovery and zinc use efficiency of various crops as influenced by its application  Zinc (kg ha-1) Apparent recovery of zinc (%) Zinc use efficiency (kg produce/kg zinc applied) Linseed Wheat Lentil Linseed Wheat Lentil 0 - - - - - - 2 0.25 1.20 0.50 41.0 83.0 71.0 4 0.37 1.22 0.70 60.5 111.7 72.5 6 0.30 1.16 0.40 46.6 119.0 37.5 8 0.17 0.98 0.26 22.1 81.3 13.6  The response in kg produce/kg applied zinc showed an increase up to the level of 4 kg Zn ha-1 in all the crops except wheat where an increase in response in kg produce per kg applied zinc was noted up to 6 kg Zn ha-1. Further increase in the levels of zinc tended to decrease the zinc use efficiency over 4 kg Zn ha-
1. With regard to the crops, the magnitude of 

response to zinc in term of ZUE was found varying. Thus, the superiority of the crops in terms of produce at similar zinc levels clearly indicated better response of wheat to zinc than other crops. Better zinc use efficiency was obtained with zinc addition up to 4 kg Zn ha-1 recording 60.5 kg in linseed seed, 119.0 kg in wheat grain and 72.5 kg in lentil per kg Zn applied.   REFERENCES  Chaudhary, S., Singh, H., Singh, S. and Singh, V. (2014) Zinc requirement of green gram (Vignaradiata) wheat (Triticum aestivum) crop sequence in alluvial soil. Indian Journal of Agronomy 59(1): 48-52 Chauhan, T.M., Ali, J., Singh, S.P. and Singh, S.B. (2014) Effect of nitrogen and zinc nutrition on yield, quality and uptake of 

nutrients by wheat. Annals of Plant and Soil Research 16(2): 98-101 Jackson, M.L. (1973) Soil Chemical Analysis Prentice Hall of India Private Limited, New Delhi Jat, G., Majumdar, S.P., Jat, N.K. and Mazumdar, S.P (2013) Potassium and zinc    fertilization    of     wheat    (Triticum 
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