Effect of soil fertigation on oil content and oil quality of oilseed crops
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Oil and fats are important parts of the human diet and more than 90% of the world’s production from vegetables, animals and marine sources is used as food or as an ingredient in food products. Edible vegetable oils are food stuffs which are composed primarily of glycerides of fatty acids being obtained only from vegetable sources. They may contain small amounts of other lipids such as phosphatides, of unsaponifiable constituents and of free fatty acids naturally present in the fat or oil (CODEX STAN 210-1999).
Oilseed crops have been the backbone of agricultural economy of India from time immemorial. Edible oil seeds crops such as mustard, groundnut, sunflower, safflower, sesame, niger, soybean and non-edible like linseed and castor are grown in various parts of India. In addition to oilseed crops, secondary sources of edible oils like rice bran, cotton seed, coconut, palm oil and tree borne oilseeds are also popular in India. In oil seeds quality criteria are fatty acid composition (Table-1), tocopherols, phenolic compounds of the seed oil and the intended use of the oil. When grown under widely different conditions, seeds frequently show such marked changes in quality parameters that also effect there commercial value.

Table: 1Fatty acid composition and ratio of saturated, monounsaturated and polyunsaturated fatty acids in various oils.
	Oil 
	8:0 (CL)
	10:0 (C)
	12:0 (L)
	14:0 (M)
	16:0 (P)
	16:1 (PL)
	18:0 (S)
	18:1 (OL)
	18:2 (LA)
	18:3 (ALA)
	20:0 (AA)
	20:1 (G)
	22:1 (E)
	S
	MUFA
	PUFA

	 Coconut 
	8.0
	6.4
	48.5
	17.6
	8.4
	 
	2.5
	6.5
	1.5
	 
	0.1
	 
	 
	91.4
	6.5
	1.5

	 Palm kernel 
	3.9
	4.0
	49.6
	16.0
	8.0
	 
	2.4
	13.7
	2.0
	 
	0.1
	 
	 
	83.9
	13.7
	2

	 Palm 
	 
	 
	 
	 
	45.1
	0.1
	4.7
	38.8
	9.4
	0.3
	0.2
	 
	 
	49.8
	38.9
	9.7

	 Olive 
	 
	 
	 
	 
	13.7
	1.2
	2.5
	71.1
	10.0
	0.6
	0.9
	 
	 
	16.2
	72.3
	10.6

	 Groundnut 
	 
	 
	 
	0.1
	11.6
	0.2
	3.1
	46.5
	31.4
	
	1.5
	1.4
	 
	14.8
	48.1
	31.4

	 Rice bran 
	0.1
	0.1
	0.4
	0.5
	16.4
	0.3
	2.1
	43.8
	34.0
	1.2
	0.5
	 
	 
	19.6
	44.1
	35.1

	 Mustard 
	 
	 
	 
	1.4
	3.8
	0.2
	1.1
	11.6
	15.3
	5.9
	-
	6.2
	41.1 
	6.3
	59.1
	21.2

	 Corn 
	 
	 
	 
	 
	12.2
	0.1
	2.2
	27.5
	57.0
	0.9
	0.1
	 
	 
	14.4
	27.6
	57.9

	 Cottonseed 
	 
	 
	 
	0.9
	24.7
	0.7
	2.3
	17.6
	53.3
	0.3
	0.1
	 
	 
	27.9
	18.3
	53.6

	 Sunflower 
	 
	 
	0.5
	0.2
	6.8
	0.1
	4.7
	18.6
	68.2
	0.5
	0.4
	 
	 
	12.2
	18.7
	68.7

	 Safflower 
	 
	 
	 
	0.1
	6.5
	 
	2.4
	13.1
	77.7
	 
	0.2
	 
	 
	9
	13.1
	77.7

	 Soybean 
	 
	 
	 
	0.1
	11.0
	0.1
	4.0
	23.4
	53.2
	7.8
	0.3
	 
	 
	15.1
	23.5
	61

	 Linseed 
	 
	 
	 
	 
	4.8
	 
	4.7
	19.9
	15.9
	52.7
	 
	 
	 
	9.5
	19.9
	68.6

	 Sesame 
	 
	 
	 
	 
	9.9
	0.3
	5.2
	41.2
	43.1
	0.5
	 
	 
	 
	15.1
	41.5
	43.5



Almost 72 % of the total oilseeds area is confined to rainfed farming, cultivated mostly by small and marginal farmers. Seven of the sixteen essential plant nutrients are referred to as micronutrients.  Micronutrients are essential for plant  growth,  but  plants require relatively in smaller quantity  includes iron (Fe),manganese  (Mn),  zinc  (Zn),  boron  (B),  copper  (Cu), molybdenum   (Mo)  chlorine  (Cl ).  In   oilseeds  the micronutrients  play  a  major  role  in  translocation  of photosynthates, increasing seed setting percentage, essential for  translocation  of  sugar,  germination  of  pollen  grains, stigma receptivity, amino acid and protein synthesis which ultimately  increase  the  productivity  of  oilseed  crops .
Plant growth involves the interaction of soil and plant properties. Maximum plant growth and realization of yield potential depends on the soil characteristics covering the biological, chemical and physical conditions necessary for the root system to maximize the plants required absorption of nutrients and water and to enable the biochemical reactions that occur in the root.
Mustard
Ahmad et al. (2007) used a dose of 0, 10, 20, and 30 kg.ha−1S in mustard crop and found that oil content was significantly increased with the increasing doses of sulphur to 20 kg.ha−1. The higher dose of sulphur had no significant effect on the oil content. Conversely, Subhani et al. (2003) reports, that the oil content is directly proportional to the doses of sulphur in mustard. A beneficial effect of 60 kg.ha−1 S, on the oil content was also reported by Malarz et al. 2011). On the contrary, Walker and Booth (2003) and Varényiová (2007) state that in contrast to the yield, the oil content is not dependent on the dose of sulphur in mustard. Protein   content  is  in  negative  correlation  with  oil  content,  so  the effect  of  sulphur  on  the  oil  content  of  oil  seeds   is   ambiguous. Lääniste et al. (2004) carried out field trials, to investigate the effect of microfertilisers on the seed oil content of rape cultivar ‘Mascot’. Analyses of test results revealed that different microelements influenced the oil content of rape seeds. The mixture of microfertilisers in the trial had a positive effect on seed oil content. Foliar application of manganese and molybdenum increased the oil content in the seeds more than one percent. 

Soybean
Soybean has a very good adaptability towards a wide range of soils and climate. Soybean requires an optimum temperature of 26oC to 30oC.The best type of soil is sandy loam having good organic manure content. Soils with a normal pH of 7 and a fair degree of water retention capacity are better suited for its cultivation. Soybean responds well to both organic and inorganic fertilizers. Few authors studied effect of soybean cv ‘Macs 124’ quality parameters like oil content and protein content with 50 kg N/ha or urea, FYM, compost, vermicompost and found that improvement in oil content and protein with 50% each of urea and FYM, Bachham and Sabale (1996).  Soybean oil content and protein will be majorly influenced due to levels of sulphur and boron levels in soils. The highest seed yield, oil, protein content and net return were obtained at 50 kg S application/ha through gypsum (Sharma, 1996). The better availability of desired and required nutrients in the root zone resulting from its solubilisation caused by the organic acids produced from the decomposition of organic manures. Secondly, the availability of nitrogen, phosphorus, potassium and organic carbon enhanced the integration of inorganic fertilizers, FYM and biofertilizers which enhanced the use of organic and inorganic nutrient sources for higher production and stable soil health and results in improvement of soybean oil content and quality (Singh and Rai, 2004: Shivkumar and Ahlawat, 2008). 
Soil pH is negatively influences the yield and quality of soybean. Molybdenum is directly involves in crop metabolism and necessary trace elements for crop growth. Element Se is an important for soil health and indirectly influence crop growth. Nitrogen not only plays a major role in crop growth but also for improvement in crop protein, nucleic acid and nuclear protein as well as the basis of genetic material. Potassium promotesroot and activation of plant endoenzymes, thereby enhancing plant photosynthate. The contents of Mo, Se, K, N and soil organic matter and cation exchange coefficient are positive,while the contents of B, Hg, MgO, Cd and the pH value are negative on soybean yield. Whereas B, Mo, Se, K and N contents and the cation exchange coefficient have a positive effect on soybean quality, and the Hg, Mg and Cd contents have a negative effect on soybean quality. The element contents of Mo, Se, K and N, the soil organic matter content and the cation exchange coefficient showed a positive effect both on soybean production and soybean quality (Ming Gao and Shiwei Li, 2017).
Groundnut
Groundnut requires considerable amounts of nutrients for high yields, however, responses to applied fertilizers have been observed to be very erratic, justifying the name of “the unpredictable legume”. It has often been accepted that groundnut has the ability to utilize soil nutrients that are relatively unavailable to other crops, and can therefore make good use of residual fertility. The most critical element in the production of groundnuts is calcium, and in many regions of the world, it is a major limiting factor to groundnut production. The developing pods require adequate Ca in the surrounding soil for proper pod development and production of high quality seed. Magnesium deficiency rarely limits plant growth, however, its necessity for groundnut stems from its role as a carrier of phosphorus in oil formation, and its effect on seed viability.
Oil content increased up to the application of 60 kg N and 60 kg K2O ha-1. Pod and oil yield increased with N and K2O up to 40 and 45 kg ha-1, respectively (Patra et al. 1995). The seed protein increase was observed with increasing nitrogen levels but resulted in decrease of oil content (Kandil et al. 2007). Barik and Mukherjee (1995) observed higher oil content of 49.33% in groundnut with the optimized application of 40 kg N ha-1 during summer season. The change in nitrogen levels did not varies fatty acid content steadily but variation in some fatty acid was observed i.e., palmitic acid (9.86 to 10.31%), stearic acid (4.55 to 5.06%), oleic acid (52.00 to 53.31%), linoleic acid (21.77 to 23.14%), linolenic acid (0.046 to 0.054%), aracadic acid (1.75 to 2.23%), and behenic acid (2.08 to 2.60%) (Boydak et al. 2010). Influence due to phosphorus application most reports stated that 50-60 kg P2O5 ha-1augmented the oil content and protein content (Dimree and Dwivedi1994). Even sulphur content @ 45 kg ha-1 increases oil content and protein content (Dimree and Dwivedi1994). Higher oil content (48.3 %) was achieved with fertilizer does of 40 kg N, 17.5 kg P2O5 and 20 kg K2O ha-1 studied by Devi and Reddy (1991).
Safflower
Mohsennia and Jalilian, 2012 studied the effect of 100 kg.ha-1 Urea, Humix as organic fertilizer, Biofertilizers (Nitroxin, Biosoulphour, integrated fertilize treatments: (Urea + Humix + Nitroxin), (Urea + Humix + Biosoulphour), and control on the oil content and quality parameters of safflower. There was an increase in protein percentage approximately 7.4% with Biosoulphour application under irrigation disruption at reproductive growth stage compared to the application of organic fertilizer under well-irrigation condition. Oil yield was significantly affected by fertilization treatment. Integrated fertilize treatments (Urea + Humix + Biosoulphour) and control fertilization treatments produced the maximum (657.2 kg ha-1) and minimum (455.3 kg ha-1) oil yield. The highest levels of oleic acid (14.36%) and linoleic acid (75.40%) were obtained from control and biosoulphoure treatments, respectively. Whereas, the lowest levels of oleic acid (13.33%) and linoleic (74.15%) were observed in biosoulphoure and control treatments, respectively. control plants and plants receiving T1 fertilization treatments produced the highest levels of palmitic acid (6.38%) and stearic acid (2.47%), respectively. . Singh and Singh (2013) noticed an increase in oil content (33.5%) and protein content (16.5%) of safflower with increase in N rate upto 80 kg ha-1 on sandy clay loam soils of Agriculture Research Farm, BHU, Uttar Pradesh. Application of nitrogen @ 156 kg ha-1 recorded significantly higher seed oil percentage (23.75%) compared to 0, 84 and 120 kg N ha-1 and highest seed protein percentage (14.4%) was recorded in 120 kg N ha-1 on par with 156 kg N ha-1 in safflower (Taleshi et al., 2012). Bitarafan et al. (2011) reported that maximum oil content (33.46 %) was obtained by applying 100 kg N ha-1 compared to 0 kg N ha-1 (30.41%) in safflower on clay loam soils of Iran. Sudhir Singh Bhadauria (1999) observed that, in safflower higher oil content (32.96 %) and protein content (20.23%) was recorded with 60 kg N ha-1 compared to control on sandy loam soils of Gwalior. Reddy et al. (1994) reported a slight decrease (0.19 %) in safflower seed oil content and increase in protein content with increase in the nitrogen level upto 60 kg ha-1 on sandy loam soil of Rajendranagar (Hyderabad). Field trials conducted in safflower at Faizabad revealed that there was significant decrease in oil content with increasing dose of N upto 60 kg ha-1 while the highest oil content (32.47 %) was recorded in control (without nitrogen) followed by 15 kg N ha-1 (31.43 %) and lowest (27.07 %) by 60 kg N ha-1 on silty loam soil (Singh et al., 1992). Zaman and Das (1991) reported that N at 40, 80 and 120 kg ha-1 in safflower increased the oil content by 1.6, 2.8 and 3.9 percent respectively over no nitrogen (control) on sandy loam soil of West Bengal. Katole and Meena (1988) observed that there was a decrease in oil content with increase in dose of nitrogen, highest oil content (28.4%) in control and least (24.7%) in 60 kg N ha-1 in safflower on clay loam soils of Udaipur, Rajasthan. In sandy loam soils at West Bengal, Zaman (1988) recorded an increase in safflower oil content (29.64 %) with increase in N rate upto 60 kg ha-1 and significant decrease beyond 60 kg ha-1 upto 120 kg N ha-1. Oil and protein content of safflower increased significantly upto 40 kg S ha-1, although there was improvement in the oil and protein content with subsequent increase in sulphur levels upto 60 kg S ha-1 (Singh and Singh, 2013).

Sunflower
Nasim et al. (2012) studied the effect of nitrogen on yield and oil quality of sunflower hybrids under sub humid conditions of Pakistan and reported that maximum grin oil content (46.2%) were produced with 60 kg N/ha followed by 120 kg N/ha (46.1%). The minimum grin oil content (40.6%) observed with 240 kg N/ha. This result shows that an increase in N fertilizer increases the grain yield but reduces the grin oil content (Malik et al. 2001). Increasing N rates reduced seed oil percentages but increased seed yields and consequently increased oil yield per unit area (Zheljazkov et al., 2008; 2009). Ali and Ullah (2012) also reported that oil content in achene decreased with higher N levels. Munir et al. (2007) and Nasim et al. (2011) also observed decreases in achene oil percentages with increased N application. Phosphorus fertilizer had no significant effect on chemical composition; this associated with decrease on reproductive growth stage and decreased the seed oil content. Similar results were obtained by Maheswarappa et al., (1985) for oil content and protein content (Singh and Singh, 1977). Several researchers reported that, the oil content is reduced by N application (Khokani et al., 1993; Mojiri and Arzani, 2003). Nitrogen fertilizer had no significant effect on protein content (Ali et al. 2014).

Castor
Hussein et al. 2013 reported that the highest values for oil % and consequently oil yield kg/faddan (48.03% and 254.73 t/faddan, respectively) were recorded by 3/4 recommended N fertilizer + 5 m3/ faddan, chicken manure + Cerealine inoculants. Meanwhile, the highest contents of crude protein, crude fiber and ash were recorded by Recommended N + Cerealine inoculants. Patel et al. 2010 opined that Rabi castor grown on vertic ustrochrepts of South Gujarat registered significantly higher oil yield due to application of 100 % RDN (80kg N ha ) + bio-compost (5 t ha ) over the 100 % RDN. Similarly, Kumar and Kanjana, 2009 noticed that application of FYM (12.5 t ha ) + Azospirillum (2 kg ha ) + Phosphobacteria (2 kg ha ) to castor plants under irrigated conditions recorded significantly higher oil yield. However, Baby and Reddy 1998 reported that different nitrogen levels do not influence the oil content in castor. Contrary to the above, Rao et al. 1998 reported that oil content in the rainfed castor decreased with increase in N application from 0 to 120 kg ha.
Sesame
Murmu et al. 2015 found that the quality parameters of sesame such as crude protein, oil content and soluble sugar improved under different sulphur fertilizer treatments, maximum being in RD with SSP. Sulphur fertilizer application, therefore exhibited potential in improving crop yield and quality of sesame. Raja et al., 2007 demonstrated that the optimum level of S can be fixed as 48 kg ha-1 for better growth, yield and quality of sesame crop. Mathew et al., 2013 reported that sulphur and boron has a synergistic effect on the yield and yield contributers of the sesame andalso has the positive effect on the improving the quality attributes. Thakur et al. 1998 reported significant increase  in  seed,  oil  and protein yield of sesame with the application of fertilizer dose upto 45 kg N+30 kg P2O5/ ha  at  Raigarh  (Chhatishgarh).
Linseed
Berti et al. (2009) observed that there was no effect of N, P, K and their interactions on oleic, linoleic, and alpha-linolenic acids. Nitrogen rate increased oil content. However, oil composition was not affected by N, P, and K rates, or their interactions. Dybing (1965) reported a decrease in alphalinolenic acid as N rates were increased in flaxseed in a greenhouse study with controlled NO3 solutions from 14 to 224 mg L-1. Tomar and Tomar (2013) stated that the maximum oil in linseed (42.60 %) was produced when 20 kg S ha-1 applied through ammonium sulphate. Very recently Dohat et al. (2017) reported that the oil content was recorded higher with application of nitrogen @ 30 kg N ha-1 in linseed. Similar type of results also obtained by Rafey et al. (1988), Chourasia et al. (1992), Vashishtha (1993) and Singh et al. (1997).



Niger
Dhange et al. (2009) studied the effect of phosphorus fertilizer on seed yield and oil content and reported that oil percentage in grain was significantly influenced by phosphorus levels. Application of phosphorus 60 kg P2O5 ha-1 was significantly superior over P0, P1 and P2. Results are in confirmation with the studies of Kachapur et al. (1980). Mamatha et  al. 1994 pointed that  the  oil  content  in niger seeds decreased with increased nitrogen application, while it increased with  phosphorus  and  sulphur  application,  but the  seed  and  oil  yield  was maximum with application of 40 kg N + 80 kg P2O5 at Bangalore (Kamataka). Nandini  Devi et  al 2000 emphasized  that  application  of  60:30:30:40- N:P:K:S kg/ha proved to be the best fertilizer dose for increasing the grain and oil yields of niger in the lateritic belts of West Bengal. However, Talukdar et al. 2016 noticed that varying  sources  or level  of  nitrogenous  nutrients  had no  impact  on  oil  content  in  seeds  of  Niger. Tadayyon et al. 2016 showed that foliar application of humic acid, zinc, and iron resulted in a significant increase in all quality parameters.
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