
 

 

Review Article 

Effect of Phosphorus and Zinc on Fodder Yield and Quality of leguminous 

fodder:Berseem(Trifolium alexandrinum L.) 
 

 

Abstract: 

The contribution of the livestock sector to the Indian Economy is 4.11% of its total GDP and 

for total agricultural GDP, it is nearly 25.6%. small and marginal farmers are mainly attached 

to the mixed farming of field crops and dairy animals. Farmers get regular income from their 

dairy unit and also use dairy animals as economic security. Though India comes under the 

highest livestock population countries, the production of milk is lower than expected because 

of improper feeding quality.Through the last two decades, the demand and price of milk both 

increase gradually, and farmers are not getting that much profit because of their dependency 

on ready cattle food. The gross profit after the selling of milk is nearly equal to the feeding 

expenditure. For the use of paddy straw as dry fodder, the quality and quantity of milk 

production are decreased. So, green fodder is the best option for livestock as it contains 

adequate nutrients as well as crude fibre. Among the fodder and forage crops, berseem is the 

second maximum cultivated fodder crop which possesses a 2 million ha area of fodder crops 

in India. Several advantages of berseem as a fodder crop such asa short-duration crop, multi-

cut nature, the capability of higher biomass production, the presence of a good amount of 

crude protein, cellulose, total digestible nutrients and succulent nature. Though Phosphorus 

and zinc play an antagonistic effect on each other, both are required for the growth and 

development of berseem crops. From cellular respiration to enzymatic reactions, phosphorus 

is essential for completing several metabolic activities. Zinc is related to yield and fodder 

quality by completing plant metabolisms like carbohydrates and auxin production. Adequate 

management practice is required to maintain the concentration of both nutrients at an 

optimum level. In Indian soil, zinc is deficient and phosphorus is mostly present in organic 

form. So, the use of biofertilizers will be effective to convert those complex nutrients form 

into simple and available for the plant.  
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Introduction: 

The agriculture sector’s contributiontothe Indian economy is about 17% of the total GDP. It 

is the biggest employment sector of the country by which nearly about 50 to 55% of the total 

population and greater than 70% of the rural population of India are connected (Kotwalet al., 

2011). In the agriculture sector, livestock is an undisputed part and plays an important role in 

the rural economy of India. The contribution of the livestock sector tothe Indian economy is 

4.11% of GDP and for total agriculture GDP, it is about 25.6% (Binswanger-Mkhize, 2013). 

But most of the farmers in India are small and marginal. They practice a mixed farming 

method as they have less than 2 acres of small land holdings. In this farming system, they 

usually practised a combination method of livestock and crop for using the output from one 

sector as the input in another sector (Kadiyalaet al., 2014). Farmers are served by livestock in 

different ways. Through livestock products, farmers maintain their earnings in crop losses 

years. For many Indian rural families, livestock becomes a subsidiary income source, 

especially for the lower classes who have few numbers of animals. When cows and buffaloes 

are in the lactation period, a regular income will be provided to the owned farmers through 

the sale of milk. Animals like goats, cows, buffalo and sheep provide economic security to 

livestock owners during emergencies like children’s education, house repairand medical 

emergencies. Actually, these types of livestock serve the farmers as moving banks or such 

assets during emergencies. 

As per the 20
th

 livestock census total livestock population in India is 535.38 million which is 

the largest in the world (Jacoby, 2016). Though India stands among the highest livestock 

population country, productivity is low here due to improper feeding resources which can be 

identified as a major cause for not achieving the maximum desired potential (Patelet al., 

2010). So, in the current situation, there is a tremendous shortage of feed and fodder for the 

livestock. Suitable feeding and proper nutrition work as strategic factor for livestock, 

improving their qualitative and quantitative production on a sustainable base. Because of 

limited land resources and the substantially growing pressure of livestock in the country an 

enhancement or development is needed for fodder production (Singhet al., 2019). 

As a leguminous fodder crop, berseem should have some vital quality parameters which will 

have economic importance in berseem such as protein crude protein, ether content, neutral 

detergent fibre, acid detergent fibre and acid detergent lignin (Singh et al., 2022).The growth 
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and development of berseem depend upon different Primary nutrients (like N, P, K) and 

micronutrients (Zn, B, Fe) (Meenaet al., 2020). For achieving maximum fodder production 

management of the proper application of primary, secondary and micronutrients can become 

a prospect to work out in a sustainable process.  

Phosphorus and zinc are the two main important essential elements in the berseem crop. 

Phosphorus is one of the primary essential nutrients which needs the use of balanced 

fertilizers concentration with nitrogen and potassium. It is a vital element of several enzymes, 

phosphatides, phytin, nucleic acids and phosphatides.phosphorus plays an important role in 

cellular respiration. Different metabolic activities such as enzymatic reaction, sugar 

metabolism and fixation of CO2 can’t be completed without phosphorus.  

Being one of the essential micronutrients, zinc plays an important role in the growth and 

development of plants and living organisms. Though the requirement of zinc for its function 

in plant or living bodies is minimum, its deficiency causes effective yield losses and quality 

degradation. Several plant metabolisms such as carbohydrates and auxin are dependent on 

zinc (Beheraand Shukla, 2013). Though sometimes zinc acts as an antioxidant, it also 

develops resistance to biotic and abiotic stresses.  

After analysing the importance of these two essential elements in the berseem crop, the 

availability and uptake of these nutrients should be managed in a balanced way. Though 

phosphorus and zinc play an antagonistic effect on each other, the concentration of both 

nutrients in soil solution must have to analyse for adequate management practices. In Indian 

soils, the presence of phosphorus is sufficient but mostly in organic form which is 

unavailable to plants. But in the case of zinc, Indian soils are deficient in zinc content and 

zinc deficiency is mostly found among the other micronutrient in plants. They are mainly 

flocculated with oxides and hydroxides of iron, aluminium and manganese (Nadafand 

Chidanandappa, 2015). In most of the places in India, there are the availability of phosphorus 

and zinc is medium to low and the potential of increasing the fodder crop yield through a 

suitable application of phosphorus and zinc is remarkable in Indian soil. The use of 

biofertilizers will be handy to convert these nutrients from their organic form to inorganic 

form for increasing their availability to the plants (Batool et al., 2021).  

For the last two decades, biofertilizers are the most useful ones in the Indian agriculture 

system for reclaiming different nutrient deficiencies (Duttaet al., 2019). Their contribution 

toincreasing productivity, effectiveness to minimize the cost of cultivation, nature of 
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sustainability and eco-friendly uses are the main principles or objectives of their frequent 

uses. In an integrated nutrient management system, biofertilizer plays an important role as it 

helps to mineralize the complex form of the primary essential nutrients to increase their 

availability to the plants. Biofertilizers also help in releasing growth hormones, modifying 

soil pH and increasing enzymatic activity (Hilarydosset al., 2021).  

Importance of fodder crops for livestock: 

In recent years the price and demand for milk have increased gradually. Farmers are getting 

an assured price from milk which they can’t get in other agricultural products. But the dairy 

industry is facing several problems as the price of cattle feeds increases so much that the 

profit after selling the milk can’t exceed the expenditure. 

Farmers spent the income that comes from the dairy completely on cattle feed and other farm 

operations. As they entirely depend on ready cattle feed, their dairy expenditure has increased 

day by day. Total milk production also decreases with the ignorance of green grass and 

fodder uses. Paddy straws are generally used as cattle feed which affects animal health and 

the production of milk. So, farmers should plan their dairy operations with the cultivation of 

green fodder. 

Table- 1: Year-wise increment of deficit percentage of Green and Dry fodder 

Year Dry Fodder Deficit (%) Green Fodder Deficit (%) 

2010 

 

10.9 35.7 

2020 11.8 30.6 

2030 12.5 24.9 

2040 12.7 20 

2050 14 17.8 

(Source:Giridhar and Samireddypalle, 2015) 

Every dairy animal should supply food according to their body weight. They need 40% dry 

and 60% wet fodder where 25% should be leguminous fodder and the remaining 75%should 



 

 

be from monocot grasses(Roy et al., 2019). Green fodder can also be used as dry fodder 

rather than paddy straw. Paddy straw contains oxalic acid which is harmful to cattle. It 

reduces the calcium content in the animal body. The growth of the animal is reduced and the 

productivity and quality of milk are also affected. So, farmers should avoid paddy straws for 

feeding the cattle. Finger millet, wheat straw and sorghum stubbles are the main dry fodders 

which contain useful nutrients for the animals (Wrightet al., 2012).Berseem, sun hemp, 

lucerne, cowpea and horse gram can be used as green as well as dry fodder.  

 

Fig- 1: Year-wise demand and supply of Green and Dry fodder(Source: Noumanet al., 

2014) 

Green fodder can be defined as an economic and rich source of protein and nutrients for 

cattle. It is easily digestible and extremely palatable in nature. Green fodder contains several 

micro-organisms which are responsible for increasing the digestibility ability of crop residues 

if they are used in mixed feeding methods (Chaudharyet al., 2013). The breeding efficiency 

of the dairy animals is improved and their health condition has been maintained with the use 

of green fodder as feeding material. It also helps to minimize the expenditure for the ration of 

dairy animals. For increasing the availability of green fodder throughout the year, the yield 

and quality of green fodder should increase by using proper nutrient management and 

improved fodder variety. 
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Fig- 2:Percentage of the protein content of different elements in Gramineae grasses and 

legumes 

(Source: Erenstein and Thorpe,2010). 

Importance of berseem as fodder crop: 

Berseem (Trifolium alexandrinum L.) Belongs to the Leguminosae family which has 242 

species under the genus Trifolium and among them only 16 are cultivated as fodder crops 

(Tufailet al., 2019). it is a popular fodder crop having the highest cultivated area in the 

country among the fodder legumes. After sorghum (Sorghum bicolour L.) it occupies the 

second maximum cultivated area around 2 M ha among the fodder crops. Berseem is an 

important fodder crop for its long-duration availability (November to May) and multi-cut 

nature (4-8 times can be cut) (Jabbaret al., 2022). It gives a high amount of fodder production 

(85t/ha) and contains a good amount of crude protein around 20%, Neutral Detergent Fibre 

43-49%, Cellulose 22-25%, hemicellulose 9-10% and Acid Detergent Fibre 36-38% on dry 

matter basis (Fernández-Aparicioet al., 2010). It is highly digestible and palatable in nature. 

Berseem stimulates lactating quantity in dairy animals due to its nutritiousness, high crude 

protein content, total digestible nutrients and succulent nature. 

As the stems of the berseem plant are succulent because of its higher water content, berseem 

can’t use for hay. When the berseem plants become dry, their leaves are dropped which is 
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another reason for not using berseem as hay. But, as green fodder, it is one of the most 

nutritious and fibrous among the fodder and forage crops. Berseem has also an exceptional 

potential to fix nitrogen for increasing soil fertility as it possesses root nodules. The 

advantages of the berseem crop are its shorter life cycleand potential to produce significant 

biomass. Berseem can remove heavy materials from the soil as it can utilize heavy metals 

such as Pb, Cu, Zn and Cd through its phytoremediation capability (Singhet al., 2020).    

Effects of Phosphorus and zinc management on forage crops and fodder 

crops: 

Effects of Phosphorus on forage crops and fodder crops: 

Phosphorus is an important essential element as nitrogen and potassium in plants. According 

to Rahman and Kawamura(2011), after nitrogen, phosphorus is the most important essential 

nutrient for the growth and development of crops. There are several disorders which can be 

seen in dairy animals because of phosphorus deficiency in green fodder crops. Mohammad 

and Mazahreh (2003)stated that Phosphorus is a vital element of phytin, nucleic acids, several 

coenzymes, proteins and phosphatides. Sufficient application of phosphorus will help in the 

development of roots. it also plays an important role in cellular respiration (Reddyet al., 

2003). Different metabolic activities such as enzymatic reaction, sugar metabolism and 

fixation of CO2 can’t be completed without phosphorus.  

According to McDowell and Houlbrooke (2009), the effect of phosphorus application on the 

increment of plant height can be defined as a favourable environment for the division and 

enlargement of cells which can be seen as the increment in plant height. The quality and 

productivity of forage crops directly depend on the supply of phosphorus and potassium. The 

free form of phosphorus is required in sufficient amounts for a greater number of nodules 

(Weaver and Wong, 2011). Compared to grains, legumes uptake more P and K, as they have 

to meet the requirement of the microorganism that helps in nitrogen fixation. Through this 

nitrogen fixation, plants fulfil the nitrogen demand for superior plant growth. 

Aliet al., (2014) reported thatin plant dry matter, phosphorus remains at nearly 0.5%. It is a 

vital substance in plant structure and energy generation. The availability of phosphorus to the 

plant is only 15-30% of the applied phosphorus fertilizer and the rest amount remains as 

residual phosphorus. The feed efficiency of plants enhances with the application of chemical 

fertilizers. As chemical fertilizers contain a high amount of nutrients, they can be applied in 



 

 

small quantities (Saeedet al., 2011). Farmers should have proper knowledge about nutrient 

deficiency in their fields before the application of any type of nutrient fertilizers. Soil should 

be analysed for deciding the type and quantity of fertilizer in the Berseem field. According to 

Royet al., (2015), phosphorus helps in the storage processes of plants which are required for 

cell division. It also plays an important role in storage processes for the growth and 

development of economic products as well as the vegetative parts of plants. It is an essential 

constituent of nucleic acid, phytic and phosphor-lipid.  

Phosphorus is an important component of cell structure and an active compound in the 

metabolic activity of plants (Steinshamnet al., 2004). It plays an important role in protein 

synthesis. Berseem needs an adequate amount of phosphorus supply for getting a higher 

yield. Patel and Rajagopal (2003) noticed that applied phosphate fertilizer has a direct effect 

both on qualitative and quantitative fodder production. The height of the plant, the diameter 

of the stem, the leaf number per plant, the area of leaves per plant and finally the yield all can 

be gradually increased through phosphorus application.  

According to Roy and Jana (2016)ethyl extract, dry matter percentage, crude protein 

percentage and nitrogen-free extract will be increased with the increment of phosphorus level 

in the Berseem field from 40 kg to 80 kg/ha. If the phosphorus level has been increased 

beyond 80 kg/ha, the quality of the berseem will be affected. But in the case of crude fibre, 

above 80 kg/ha phosphorus dose reacts oppositely in the berseem plant. With the application 

of phosphorus up to 80 kg/ha, the dry matter percentage and crude protein percentage came to 

12.32 and 19.33%. Ethyl extract and nitrogen-free extract were obtained as 3.41% and 

41.72%. After increasing the phosphorus level beyond 80 kg/ha, the crude fibre content of the 

Berseem plant has been recorded as lowest at 21.03% and with the application of phosphorus 

at 40 kg/ha, the highest crude fibre has been collected at 22.83%. 

According to Chouhan et al., (2022),the application of P2O5 at 75 kg/ ha and 5g phosphorus 

solubilizing bacteria for 1 kg of seed at the time of seed treatment will provide the maximum 

yield in berseem. From every plot, the yield can be obtained at 63.75kg and 31877 kg from 1 

ha of land. The minimum yield is 49.21 kg per plot and 24610 kg per ha land if the 

phosphorus dose will be 45 kg per ha and seeds are not treated with PSB. The requirement of 

phosphorus at 30 DAS lies between 0 to 40 kg for 1 ha of land for cowpea fodder. With the 

application of 60 kg of phosphorus, the height of the plant will be increased gradually 

(Kumar et al., 2016).  



 

 

Saeed et. al., (2011)reported thatthe application of phosphorus between the dose of 100 kg/ha 

and 80 kg/ha will higher the green fodder yield as well as the dry matter yield. But the 

number of tillers and height of the plant will be average. If the phosphorus dose has been 

minimized from 80 kg/ha or above that to 60 kg/ha, there will be the emergence of more 

tillers which will give a higher green forage yield.According to Bilalet al., (2017),the 

response of Berseem for the phosphorus fertilizer was recorded as up to 100 kg/ha. With the 

application of phosphorus fertilizer at the dose of 100 kg/ha, the green fodder yield and the 

dry matter yield increased up to 21.8% and 28.4% comparing the dose of 60 kg/ha. Compared 

to the dose of 80 kg/ha, the increment was noticed as 9% and 12.1%. 

Effects of Zinc on forage crops and fodder crops: 

According to Miret al., (2013),Micro-nutrients play a vital role in increasing the productivity 

and nutritional quality of fodder crops. These also help to overcome several abiotic stresses 

such as high temperatures and drought. Biotic stresses like pests and diseases can also be 

minimized through micronutrients. It mainly increases the quality of crops. If these 

micronutrients are not supplied in adequate amounts with fertilization, different deficiency 

symptoms will take place like RNA destruction, lower photosynthesis rate and decrease of 

protein synthesis and the soluble carbohydrate process. As an essential micronutrient, Zinc 

plays an important role in the composition of growth hormones and the reproductive 

processes of some plants (Mousavi et al., 2007). It helps to improve qualitative production by 

interacting with several plant metabolism. Zinc plays a vital role in several metabolic 

processes of plants such as the uptake of nitrogen, chlorophyll synthesis, protein quality, 

nitrogen metabolism and maintaining the activity of the carbon anhydrase. It also helps to 

resist the biotic and abiotic stresses of plants. It has a great influence on protecting plants 

from oxidative damage (Cakmak, 2008).  

Zinc is needed for the biosynthesis process of tryptophan. It also plays an important role as a 

precursor of C10H9NO2(Das, 2017).Zinc helps in the metabolic processes of carbohydrates. It 

can also be found as the structural element of several proteins at various stages such as 

metalloenzymes. According to Potarzycki and Grzebisz (2009), by practising suitable 

nutrition management processes and applying an adequate amount of zinc, maximum yield 

can be obtained in rabi fodder crops. It also creates favourable conditions for the plant 

growth. for the composition of auxin, chlorophyll and carbohydrates, zinc plays an essential 

part in rabi fodders(Tariqet al., 2017).  



 

 

According to Singh Dhaliwalet al., (2023) through the application of zinc, farmers can do 

agronomic fortification which will improve the quality as well as productivity of fodder 

crops. The problem of Zn deficiency is the most severe case among all micro-nutrients in 

India (Imran and Rehim, 2017). By applying adequate zinc requirements in fodder crops, zinc 

deficiency in animals can be reduced. Alloway(2009)reported that the requirement of zinc for 

plants is a modicum but that required concentration is critical for plants and animals. Due to 

the deficiency of zinc, both are suffered from several physiological stresses. Dysfunction of 

different metabolic processes and enzyme systems happens in which zinc is essential to 

complete the process.Zinc deficiency can decrease the activities of different antioxidant 

enzymes in plants. As a result, it will damage chlorophyll, lipids, protein and nucleic acids by 

widening the oxidative change of enzymatic reactions (Cakmaket al.,2017).  

The impact of different levels of zinc fertilizer on plant growth is different among the crops 

as the response of fodder crops depends on the application of zinc fertilizer (Mohan and 

Singh, 2014).Fodder crops require less amount of zinc for their growth but with the 

deficiency of zinc in fodder crops, vegetative growth will be affected and the yield will be 

minimum. According to Kumar et al., (2016) with the application of zinc at the dose of 28 

kg/ha the maximum yield of dry matter can be obtained. The zinc uptake in the berseem crop 

has increased from 35.9 to 48 kg/ha with the application of zinc fertilizer at 4kg/ha (Verma et 

al., 2005). But higher doses of zinc will decrease the uptake of zinc from the soil. Meena et 

al. (2014) reported that There will be significant growth of the plant with the application of 

Zinc sulphate at the dose of 20 kg/ha. The uptake of zinc has increased with a progressive 

increment of zinc doses in berseem and lentil crops. The maximum uptake of zinc by the 

berseem crop was found 7.5 kg/ha can. Yield is also increased with the significant increment 

of zinc uptake in the berseem crop (Gaur et al., 2018).    

Phosphorus-zinc interaction in plants: 

Micronutrients play a vital role in dry matter production and crop yield. So, the low 

concentration of micronutrients can decrease the crop yield.Sultanaet al., (2016) Phosphorus 

and Zinc are the two most essential macro and micronutrients which are related to the growth, 

development, quality and productivity of crops. They are also the primary elements of 

different enzymes, compounds and plant metabolism. 

According to Mousavi (2011), the deficiency of micronutrients can be seen in soil because of 

the overuse of phosphate fertilizer in crop production. With the soil, plants are also affected 

by several micronutrient deficiencies. There will be a decreased concentration of zinc, 



 

 

manganese, copper and iron in the root and shoot portion of plants with the higher application 

of phosphorus. The dilution effect in the shoot portion and the translocation of elements from 

the root zone of the plants are not responsible for this decreased concentration. Aboyejiet al., 

(2020) suggested thatif zinc becomes the segment of the root fabric, the availability of zinc 

will decrease and the transportation of zinc to the leaves will be lower even with higher zinc 

fertilizer application. Through the formation of zinc phytate, Phosphorus can circumvent zinc 

in roots. At higher pH, the concentration of phosphorus in the solution increased and zinc 

concentration has been decreased. At lower pH, the opposite result of the concentration of 

these elements happens (Mousaviet al., 2012).  

Siddiquiet al., (2015) reported thatin different biochemical processes, Zinc plays a vital role 

as an active element. It has also several chemical and biological actions with some other 

elements. Among them, phosphorus is the most vital element to interact with zinc in an 

antagonistic way. Phosphorus interferes with the uptake of zinc by the plants. For the plant, 

phosphorus and zinc availability always fluctuates. If the concentration of phosphorus 

increases it causes lower availability of zinc in plants which results in Zn deficiency and vice-

versa.  

According to Anithaet al.,(2016),the interaction between zinc and phosphorus causes an 

imbalance which affects several metabolisms of the plant cells. Specific positions of different 

organelles in the plant cell are hampered due to imbalances in the concentration of these two 

elements.When the concentration of zinc in plants has been decreased or lowered, the uptake 

of phosphorus from the soil solution has been increased and the transport of phosphorus to 

the shoots and leaves also increases (Gibsonet al., 2010). At a point, this high concentration 

can be the cause of toxicity to the plant. Among all micronutrient availability or deficiencies, 

it only happens when zinc deficiency takes place in the plant (Haideret al., 2018). Actually, 

the permeability of the plasma membrane has been increased with the zinc deficiency in the 

plant root. 

According to Pandeyet al., (2006), the higher concentration of zinc causes limited root 

growth which indirectly decreases the uptake of phosphorus from the soil solution. When 

zinc phosphates precipitate in the root zone, phosphorus and zinc show an antagonistic 

effect.The interaction between phosphorus and zinc also happens within plants. If the 

applications of phosphorus consist of high levels, the Zinc concentration in the root zone of 

the plant will be increased but the concentration of zinc in the shoot portion will be minimum 

or decreased. The linear transport process of zinc transport from the top of the root to the 



 

 

upper portions and the fission of the zinc transport process to the vascular tissue is the cause 

of this phosphorus and zinc interaction in the root zone(Usmanet al.,2014). 

According to Singh and Singh (2017),the uptake of zinc increases with the application of zinc 

fertilizer at 2.5, 5.0, 7.5 and 10.0 kg/ha and in every stage the zinc uptake is greater than the 

control plot. Yield is also recorded higher with the increment of zinc uptake in the berseem 

crop. If zinc fertilizer is applied at a higher rate, it will decrease phosphorus availability in the 

berseem crop.With the application of zinc fertilizer at 10 kg/ha in the berseem field, 

phosphorus uptake will be minimum at 4.6 kg/ha.Ali et al.,(2013) reported thatphosphorus 

uptake increases with the decrease in levels of phosphorus application. Due to the 

antagonistic effect between phosphorus and zinc, overuses of any element translocate the 

other from the root zone. The application of higher doses of zinc can be the cause of lower 

sulphur availability and uptake by plants as well. With the application of zinc at 10 kg/ha, the 

uptake of sulphur also decreases to the minimum at 4.3 kg/ha in the berseem crop. Lowered 

sulphur uptake for higher concentrations or application of zinc can result in decreased yield in 

the berseem crop.      

Phosphorus-zinc interaction in soil properties: 

According to Jajraet al., (2022),plants need both phosphorus and zinc equally for their 

suitable growth and development. But sometimes they play an antagonistic effect on each 

other. If the phosphorus application in any soil is higher, zinc availability in that particular 

soil will decrease. 

Phosphorus content in soil can be increased by the improper overuse of phosphate fertilizers 

and higher phosphorus-containing manures. It also causes eutrophication in the waterbody as 

phosphorus is lost through the runoff with the rainwater and irrigation water and mixes with 

nearby waterbody (Zhanget al., 2014). phosphorus residual should be utilized efficiently by 

cultivating those crops which have the most phosphorus use efficiency. Different phosphorus 

pools can also be used by optimizing the doses of phosphorus fertilizer application. Microbial 

activity is the major one for phosphorus utilization in the plant root zone (Shenet al., 2014). 

The range of phosphorus content in Indian soils mostly varies from low to medium 

(Kumari,2017). So, adequate management of phosphorus application is required for superior 

growth and development of the forage and green fodder crops. Otherwise, the deficiency 

symptoms will be reflected in green and dry fodder.         



 

 

Rathoreet al.,(2015) have noticed that the response of fodder crops is different for different 

zinc statuses in the soil as fodder crops have larger adaptability of zinc stresses and 

sensitivity depending on the soil types.The status of zinc in different soil properties is very 

useful to understand the actual capacity of the soil to supply zinc to the plant. Actually, zinc 

possesses an interrelationship between the availability of zinc in soil and other soil 

characteristics. Under suitable environmental conditions, the response of berseem crops to 

different doses of zinc fertilizer is limited especially in light-textured soil (Kumaret al., 

2016). Farmers don’t use zinc fertilizer properly in their fields which is the main reason 

behind the deficiency of zinc in most of the soils of India. So, before the cultivation of fodder 

crops zinc application is required as high zinc removal has been done by the cultivated main 

crop before the fodder crop (Vineethet al., 2022). 

Effects of biofertilizer on forage crops and fodder crops: 

According to Heisnamet al., (2017), Bio-fertilizers are used to increase the fertility status of 

the soil and help in optimum plant growth and development when these are applied with the 

seed treatment, plant body or general soil application. They mainly contain beneficial 

microorganisms which are essential for maintaining soil fertility. By using plant parts mainly 

root and fertile soil, biofertilizers are made to minimize the requirement for synthetic 

fertilizer as well as the cost of cultivation (Dubeyet al., 2018).  

The over-dependency of Indian farmers on chemical fertilizer resultsin incrementsinthe price 

of the chemical fertilizer, soil and water pollution andpoor soil fertility. So, with the use of 

biofertilizers, the efficiency of nitrogen fixation and the availability of macro and 

micronutrients can be increased (Zahedi, 2016). Trace elements will be more assessable and 

they will produce several substances which play a vital role to promote plant growth. It also 

helps in the stimulation of different plant growth hormones like Gibberellic Acid, Indole 

Acetic Acid and Indole Butyric Acid (Duttaet al., 2021). Biofertilizers increase the nutrient 

availability, solubilization of phosphorus and tolerance for moisture stresses. The number of 

Viable cells of any particular strain is nearly 10 million in a unit carrier of that particular 

biofertilizer (Sindhuet al., 2019).  

According to Kumaret al., (2022), Zinc-solubilizing bacteria are used as the supplementation 

of zinc fertilizer which helps to convert the form of applied zinc from inorganic to accessible 

form to the plant. Rhizobacteria species are mainly responsible for mobilizing zinc in soil 



 

 

solutions. These bacteria species produce or excrete several organic acids to make the zinc 

compounds solubilized. This solubilizing process of zinc is done in several steps to dissolve 

the unavailable zinc compounds in soil solution. The first step of this process is acidification. 

Microorganisms help to dissolve the zinc cations by producing organic acids and also 

minimize the pH of the soil.  

Conclusion: 

Plants need both macro and micronutrients for their optimum growth and development. 

Indian farmers have knowledge only about the usefulness of primary macronutrients such as 

Nitrogen, Phosphorus and Potassium. According to them, higher doses of primary 

macronutrients will give them more yield. It is one of the main reasons behind the zinc 

deficiency in most of the Indian soils. So, farmers have to consider the application of 

micronutrients in their field practices, especially zinc fertilizer. As phosphorus plays an 

antagonistic relationship with zinc, doses of phosphorus should be optimum for the 

availability of both nutrients to the plant. In the case of fodder crops, effective yield and 

nutritious quality both are required. In several research papers, the effect of the three 

macronutrients in qualitative and quantitative fodder yield with several fertilizer doses is 

mentioned. But the interaction between macro and micronutrients in plants and soils because 

of their high doses has not been highlighted. In spite of having a lower concentration of zinc 

in Indian soil and an antagonistic relationship between phosphorus and zinc, there were not 

many research papers which covered this topic on fodder and forage crops. Besides this, the 

use of biofertilizers for the concentration of zinc in fodder crops has not been mentioned 

properly in previous research works. Microorganisms are mainly responsible for the 

availability of micronutrients in the soil as they convert complex nutrient compounds to 

simpler ones. So, the use of zinc-solubilizing bacteria with zinc sulphate will give an efficient 

result in fodder crops with optimum phosphate fertilizer doses. Considering the 

aforementioned points an experiment should bedone for evaluating the performance of 

berseem in relation to phosphorus and zinc nutrition with the addition of biofertilizer. It will 

improve the knowledge about phosphorus and zinc management in fodder berseem, by which 

dairy farmers will be helpful in the optimal application of these two nutrient fertilizers for 

maximum yield and better-quality fodder.   

 



 

 

 

 

 

Reference:  

Aboyeji, C. M., Dunsin, O., Adekiya, A. O., Suleiman, K. O., Chinedum, C., Okunlola, F. O., 

... & Owolabi, I. O. (2020). Synergistic and antagonistic effects of soil applied P and Zn 

fertilizers on the performance, minerals and heavy metal composition of groundnut. Open 

Agriculture, 5(1), 1-9. https://doi.org/10.1515/opag-2020-0002. 

Ali, A., Sharif, M., Wahid, F., Zhang, Z., Shah, S. N. M., Zaheer, R. S., ... & Rehman, F. 

(2014). Effect of composted rock phosphate with organic materials on yield and phosphorus 

uptake of berseem and maize. American Journal of Plant Sciences, 2014.. 

DOI:10.4236/ajps.2014.57110. 

Ali, J., Singh, S. P., & Singh, S. (2013). Response of fababean to boron, zinc and sulphur 

application in alluvial soil. Journal of the Indian Society of Soil Science, 61(3), 202-206. 

https://www.indianjournals.com/ijor.aspx?target=ijor:jisss&volume=61&issue=3&article=00

5. 

Alloway, B. J. (2009). Soil factors associated with zinc deficiency in crops and 

humans. Environmental Geochemistry and Health, 31(5), 537-548.DOI: 10.1007/s10653-

009-9255-4. 

Anitha, L., Sai Bramari, G., & Kalpana, P. (2016). Effect of supplementation of Spirulina 

platensis to enhance the zinc status in plants of Amaranthus gangeticus, Phaseolus aureus and 

tomato. Advances in Bioscience and Biotechnology, 7(06), 289-299. 

http://eprints.eastindiaarchive.com/id/eprint/429/. 

Batool, S., Asghar, H. N., Shehzad, M. A., Yasin, S., Sohaib, M., Nawaz, F., ... & Uzair, M. 

(2021). Zinc-solubilizing bacteria-mediated enzymatic and physiological regulations confer 

zinc biofortification in chickpea (Cicer arietinum L.). Journal of Soil Science and Plant 

Nutrition, 21, 2456-2471.https://doi.org/10.1007/s42729-021-00559-0. 

Behera, S. K., & Shukla, A. K. (2013). Depth-wise distribution of zinc, copper, manganese 

and iron in acid soils of India and their relationship with some soil properties. Journal of the 

Indian society of Soil Science, 61(3), 244-252. 

https://www.indianjournals.com/ijor.aspx?target=ijor:jisss&volume=61&issue=3&article=01

1&type=pdf. 

https://doi.org/10.1515/opag-2020-0002
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=44162
https://www.indianjournals.com/ijor.aspx?target=ijor:jisss&volume=61&issue=3&article=005
https://www.indianjournals.com/ijor.aspx?target=ijor:jisss&volume=61&issue=3&article=005
https://doi.org/10.1007/s10653-009-9255-4
https://doi.org/10.1007/s10653-009-9255-4
http://eprints.eastindiaarchive.com/id/eprint/429/
https://doi.org/10.1007/s42729-021-00559-0
https://www.indianjournals.com/ijor.aspx?target=ijor:jisss&volume=61&issue=3&article=011&type=pdf
https://www.indianjournals.com/ijor.aspx?target=ijor:jisss&volume=61&issue=3&article=011&type=pdf


 

 

Bilal, M., Ayub, M., Tariq, M., Tahir, M., & Nadeem, M. A. (2017). Dry matter yield and 

forage quality traits of oat (Avena sativa L.) under integrative use of microbial and synthetic 

source of nitrogen. Journal of the Saudi Society of Agricultural Sciences, 16(3), 236-241. 

https://doi.org/10.1016/j.jssas.2015.08.002. 

Binswanger-Mkhize, H. P. (2013). The stunted structural transformation of the Indian 

economy: Agriculture, manufacturing and the rural non-farm sector. Economic and Political 

weekly, 5-13. https://www.jstor.org/stable/23527235. 

Cakmak, I. (2008). Enrichment of cereal grains with zinc: Agronomic or genetic 

biofortification?. Plant and Soil, 302(1-2), 1. DOI:10.1007/s11104-007-9466-3. 

Cakmak, I., Mclaughlin, M. J., & White, P. (2017). Zinc for better crop production and 

human health. Plant and Soil, 411(1-2), 1. DOI:10.1007/s11104-016-3166-9. 

Chaudhary, D. P., Jat, S. L., Kumar, R., Kumar, A., & Kumar, B. (2013). Fodder quality of 

maize: Its preservation. In Maize: Nutrition dynamics and novel uses (pp. 153-160). New 

Delhi: Springer India. 

https://www.indianjournals.com/ijor.aspx?target=ijor:anft&volume=10s&issue=spl&article=

001. 

Chouhan, S., Ausari, P. K., Sharma, B. K., Nayak, M. P., & Para, P. K. (2022). Effect of 

Phosphorous Levels and Phosphorous Solubilizing Bacteria (PSB) on Growth, Quality 

Parameters and Profitability of Berseem (Trifolium alexandrinum L.). International Journal 

of Environment and Climate Change, 12(11), 2245-2252. 

https://doi.org/10.9734/ijecc/2022/v12i1131218. 

Das, S. K. (2017). Effect of phosphorus and sulphur on yield attributes, yield, nodulation and 

nutrient uptake of green gram [Vigna radiate (L.) wilczek]. Legume Research-An 

International Journal, 40(1), 138-143.DOI.10.18805/lr.v0iOF.9385. 

Dubey, S. N., Rajpal, S., Rohit, K., & Sauhard, D. (2018). Effect of phosphorus and PSB on 

growth, nodulation and fertility status in different mungbean (Vigna radiata L.) varieties and 

its residual effect on fodder yield of sorghum in indo-gangetic plain zone of 

India. International Journal of Agricultural Sciences, 14(1), 196-201. DOI 

: 10.15740/HAS/IJAS/14.1/196-201. 

Dutta, S., Singh, M., Meena, R. K., Basak, N., Mondal, G., & Hindoriya, P. S. (2019). Effect 

of organic and inorganic nutrient sources on yield and quality of fodder cowpea [Vigna 

https://doi.org/10.1016/j.jssas.2015.08.002
https://www.jstor.org/stable/23527235
https://www.indianjournals.com/ijor.aspx?target=ijor:anft&volume=10s&issue=spl&article=001
https://www.indianjournals.com/ijor.aspx?target=ijor:anft&volume=10s&issue=spl&article=001
https://doi.org/10.9734/ijecc/2022/v12i1131218
http://dx.doi.org/10.18805/lr.v0iOF.9385
http://dx.doi.org/10.15740/HAS/IJAS/14.1/196-201


 

 

unguiculata (L.) Walp.]. Indian Journal of Animal Nutrition, 36(2), 173-178.DOI: 

10.5958/2231-6744.2019.00029.X. 

Dutta, S., Singh, M., Meena, R. K., Onte, S., Basak, N., Kumar, S., & Meena, V. K. (2021). 

Effect of organic and inorganic nutrient sources on growth, yield, nutrient uptake and 

economics of fodder cowpea [Vigna unguiculata (L.) Walp.]. Legume Research-An 

International Journal, 44(9), 1046-1052.DOI: 10.18805/LR-4181. 

Erenstein, O., & Thorpe, W. (2010). Crop–livestock interactions along agro-ecological 

gradients: a meso-level analysis in the Indo-Gangetic Plains, India. Environment, 

Development and Sustainability, 12(5), 669-689. DOI: 10.1007/s10668-009-9218-z. 

Fernández-Aparicio, M., Emeran, A. A., & Rubiales, D. (2010). Inter-cropping with berseem 

clover (Trifolium alexandrinum) reduces infection by Orobanche crenata in legumes. Crop 

protection, 29(8), 867-871. https://doi.org/10.1016/j.cropro.2010.03.004. 

Gaur, M., Singh, V. and Singh, U.N (2018). Soil zinc Status and response of berseem 

(Trifolium alexandrinum) and lentil (Lens culinaris) to zinc application. Annals of Plant and 

Soil Research 20: 35 – 38. http://gkvsociety.com/control/uploads/6987977.pdf. 

Gibson, R. S., Bailey, K. B., Gibbs, M., & Ferguson, E. L. (2010). A review of phytate, iron, 

zinc, and calcium concentrations in plant-based complementary foods used in low-income 

countries and implications for bioavailability. Food and nutrition bulletin, 31(2_suppl2), 

S134-S146. https://journals.sagepub.com/doi/pdf/10.1177/15648265100312S206. 

Giridhar, K., & Samireddypalle, A. (2015). Impact of climate change on forage availability 

for livestock. Climate change impact on livestock: adaptation and mitigation, 97-112. DOI: 

10.1007/978-81-322-2265-1_7. 

Heisnam, P., Sah, D., Moirangthem, A., Singh, M. C., Pandey, P. K., Mahato, N. K., ... & 

Pandey, A. K. (2017). Effects of Rhizobium, PSB inoculation and phosphorus management 

on soil nutrient status and performance of cowpea in acid soil of Arunachal Pradesh, 

India. International journal of current microbiology and applied sciences, 6, 937-942. 

http://dx.doi.org/10.20546/ijcmas.2017.602.115. 

Hilarydoss, S. (2021). Suitability, sizing, economics, environmental impacts and limitations 

of solar photovoltaic water pumping system for groundwater irrigation-a brief 

review. Environmental Science and Pollution Research International. DOI: 10.1007/s11356-

021-12402-1. 

http://dx.doi.org/10.5958/2231-6744.2019.00029.X
https://doi.org/10.1016/j.cropro.2010.03.004
http://gkvsociety.com/control/uploads/6987977.pdf
https://journals.sagepub.com/doi/pdf/10.1177/15648265100312S206
http://dx.doi.org/10.20546/ijcmas.2017.602.115
https://doi.org/10.1007/s11356-021-12402-1
https://doi.org/10.1007/s11356-021-12402-1


 

 

Imran, M., & Rehim, A. (2017). Zinc fertilization approaches for agronomic biofortification 

and estimated human bioavailability of zinc in maize grain. Archives of Agronomy and Soil 

Science, 63(1), 106-116. https://doi.org/10.1080/03650340.2016.1185660. 

Jabbar, A., Shah, A., Basit, A., Ahmad, G., Khan, A. A., Raza, S., ... & Hussain, A. (2022). 

Optimisation of sowing method for seed production in berseem (Trifolium 

alexandrinum). Pakistan Journal of Agricultural Research, 35(1), 52-57. 

https://dx.doi.org/10.17582/journal.pjar/2022/35.1.52.57. 

Jacoby, H. G. (2016). Food prices, wages, and welfare in rural India. Economic 

Inquiry, 54(1), 159-176. https://doi.org/10.1111/ecin.12237. 

Jajra, M., Hasan, A., David, A. A., Thomas, T., Kumar, T., & Pavithra, I. (2022). Effects of 

different levels of phosphorus and zinc on physico-chemical properties of soil, growth and 

yield of maize (Zea mays L.) Var. P-3536. 

https://www.thepharmajournal.com/archives/2022/vol11issue5/PartF/11-4-387-608.pdf. 

Kadiyala, S., Harris, J., Headey, D., Yosef, S., & Gillespie, S. (2014). Agriculture and 

nutrition in India: mapping evidence to pathways. Annals of the New York academy of 

sciences, 1331(1), 43-56. https://doi.org/10.1111/nyas.12477. 

Kotwal, A., Ramaswami, B., & Wadhwa, W. (2011). Economic liberalization and Indian 

economic growth: What's the evidence?. Journal of Economic Literature, 49(4), 1152-1199. 

DOI: 10.1257/jel.49.4.1152. 

Kumar, R., Rathore, D. K., Singh, M., Kumar, P., & Khippal, A. (2016). Effect of 

phosphorus and zinc nutrition on growth and yield of fodder cowpea. Legume Research-An 

International Journal, 39(2), 262-267. DOI: 10.18805/lr.v0iOF.9384. 

Kumar, R., Rathore, D. K., Singh, M., Kumar, P., & Khippal, A. (2016). Effect of 

phosphorus and zinc nutrition on growth and yield of fodder cowpea. Legume Research-An 

International Journal, 39(2), 262-267. DOI: 10.18805/lr.v0iOF.9384. 

Kumar, R., Rathore, D. K., Singh, M., Kumar, P., & Khippal, A. (2016). Effect of 

phosphorus and zinc nutrition on growth and yield of fodder cowpea. Legume Research-An 

International Journal, 39(2), 262-267..DOI:10.18805/lr.v0iOF.9384. 

Kumar, S., Sindhu, S. S., & Kumar, R. (2022). Biofertilizers: An ecofriendly technology for 

nutrient recycling and environmental sustainability. Current Research in Microbial 

Sciences, 3, 100094.https://doi.org/10.1016/j.crmicr.2021.100094. 

https://doi.org/10.1080/03650340.2016.1185660
https://dx.doi.org/10.17582/journal.pjar/2022/35.1.52.57
https://doi.org/10.1111/ecin.12237
https://www.thepharmajournal.com/archives/2022/vol11issue5/PartF/11-4-387-608.pdf
https://doi.org/10.1111/nyas.12477
http://dx.doi.org/10.18805/lr.v0iOF.9384
http://dx.doi.org/10.18805/lr.v0iOF.9384
http://dx.doi.org/10.18805/lr.v0iOF.9384
https://doi.org/10.1016/j.crmicr.2021.100094


 

 

Kumari, K. (2017). Yield, quality and nutrient uptake of rabi fodder crops in response to 

zinc. Annals of Plant and Soil Research, 19(2), 219-222. 

http://gkvsociety.com/control/uploads/KAMINI%20KUMARI.pdf. 

McDowell, R. W., & Houlbrooke, D. J. (2009). Management options to decrease phosphorus 

and sediment losses from irrigated cropland grazed by cattle and sheep. Soil Use and 

Management, 25(3), 224-233. https://doi.org/10.1111/j.1475-2743.2009.00231.x. 

Meena, B. S., Nepalia, V., Singh, D. I. L. I. P., Shukla, K. B., & Meena, G. L. (2017). 

Production capacity of single-cut fodder sorghum (Sorghum bicolor) genotypes under 

varying fertility levels. Forage Research, 43(2), 162-164. http://forageresearch.in/wp-

content/u.... 

Meena, L. R., & Chand, R. (2014). Response of fodder cowpea to varying levels of Nitrogen 

and Phosphorus under rainfed conditions of Rajasthan. Indian Journal of Small Ruminants 

(The), 20(2), 121-123. 

https://www.indianjournals.com/ijor.aspx?target=ijor:ijsr&volume=20&issue=2&article=028 

Mir, A. H., Lal, S. B., Salmani, M., Abid, M., & Khan, I. (2013). Growth, yield and nutrient 

content of blackgram (Vigna mungo) as influenced by levels of phosphorus, sulphur and 

phosphorus solubilizing bacteria. SAARC Journal of Agriculture, 11(1), 1-6. 

https://doi.org/10.3329/sja.v11i1.18370. 

Mohammad, M. J., & Mazahreh, N. (2003). Changes in soil fertility parameters in response 

to irrigation of forage crops with secondary treated wastewater. Communications in soil 

science and plant analysis, 34(9-10), 1281-1294. https://doi.org/10.1081/CSS-120020444. 

Mohan, S. and Singh, M (2014). Effect of nitrogen, phosphorus and zinc on growth, yield and 

economics of teosinte (Zea mexicana) fodder. Indian Journal of Agronomy 59: 471- 473. 

DOI: 10.18805/lr.v0i0.8413. 

Mousavi, S. R. (2011). Zinc in crop production and interaction with phosphorus. Australian 

Journal of Basic and Applied Sciences, 5(9), 1503-1509. 

https://www.cabdirect.org/cabdirect/abstract/20113381116. 

Mousavi, S. R., Galavi, M., & Ahmadvand, G. (2007). Effect of zinc and manganese foliar 

application on yield, quality and enrichment on potato (Solanum tuberosum L.). Asian 

Journal of Plant Sciences, 6(8), 1256-1260. http://dx.doi.org/10.3923/ajps.2007.1256.1260. 

http://gkvsociety.com/control/uploads/KAMINI%20KUMARI.pdf
https://doi.org/10.1111/j.1475-2743.2009.00231.x
http://forageresearch.in/wp-content/u...
http://forageresearch.in/wp-content/u...
https://www.indianjournals.com/ijor.aspx?target=ijor:ijsr&volume=20&issue=2&article=028
https://doi.org/10.3329/sja.v11i1.18370
https://doi.org/10.1081/CSS-120020444
http://10.0.73.117/lr.v0i0.8413
https://www.cabdirect.org/cabdirect/abstract/20113381116
http://dx.doi.org/10.3923/ajps.2007.1256.1260


 

 

Mousavi, S. R., Galavi, M., & Rezaei, M. (2012). The interaction of zinc with other elements 

in plants: a review. International Journal of Agriculture and Crop Sciences (IJACS), 4(24), 

1881-1884. https://www.cabdirect.org/cabdirect/abstract/20133031574. 

Nadaf, S. A., & Chidanandappa, H. M. (2015). Effect of zinc and boron application on 

distribution and contribution of zinc fractions to the total uptake of zinc by groundnut 

(Arachis hypogaea L.) in sandy loam soils of Karnataka, India. Legume Research-An 

International Journal, 38(5), 598-602. http://10.0.73.117/lr.v38i5.5935. 

Nouman, W., BASRA, S., AHMED, M., SIDDIQUI, M. T., YASMEEN, A., GULL, T., & 

ALCAYDE, M. A. C. (2014). Potential of Moringa oleifera L. as livestock fodder crop: a 

review. Turkish Journal of Agriculture and Forestry, 38(1), 1-14. DOI:10.3906/tar-1211-66. 

Pandey, N., Pathak, G. C., & Sharma, C. P. (2006). Zinc is critically required for pollen 

function and fertilisation in lentil. Journal of Trace Elements in Medicine and Biology, 20(2), 

89-96.https://doi.org/10.1016/j.jtemb.2005.09.006. 

Patel, J. R., & Rajagopal, S. (2003). Response of berseem (Trifolium alexandrinum) to 

nitrogen and phosphorus fertilizer. Indian Journal of Agronomy, 48(2), 133-135. 

https://www.indianjournals.com/ijor.aspx?target=ijor:ija&volume=48&issue=2&article=019. 

Patel, N., Chittamuru, D., Jain, A., Dave, P., & Parikh, T. S. (2010, April). Avaaj otalo: a 

field study of an interactive voice forum for small farmers in rural india. In Proceedings of 

the SIGCHI conference on human factors in computing systems (pp. 733-742). 

https://doi.org/10.1145/1753326.1753434. 

Potarzycki, J., & Grzebisz, W. (2009). Effect of zinc foliar application on grain yield of 

maize and its yielding compone. Plant, Soil and Environment, 55(12), 519-527. 

https://doi.org/10.17221/95/2009-PSE. 

Rahman, M. M., & Kawamura, O. (2011). Oxalate accumulation in forage plants: some 

agronomic, climatic and genetic aspects. Asian-Australasian Journal of Animal 

Sciences, 24(3), 439-448. https://doi.org/10.5713/ajas.2011.10208. 

Rathore, D. K., Kumar, R., Singh, M., Meena, V. K., Kumar, U., Gupta, P. S., ... & 

Makarana, G. (2015). Phosphorus and zinc fertilization in fodder cowpea-A 

review. Agricultural Reviews, 36(4), 333-338.DOI: 10.18805/ag.v36i4.6670. 

Reddy, B. V. S., Reddy, P. S., Bidinger, F., & Blümmel, M. (2003). Crop management 

factors influencing yield and quality of crop residues. Field Crops Research, 84(1-2), 57-77. 

https://doi.org/10.1016/S0378-4290(03)00141-2. 

https://www.cabdirect.org/cabdirect/abstract/20133031574
http://10.0.73.117/lr.v38i5.5935
https://doi.org/10.1016/j.jtemb.2005.09.006
https://www.indianjournals.com/ijor.aspx?target=ijor:ija&volume=48&issue=2&article=019
https://doi.org/10.1145/1753326.1753434
https://doi.org/10.17221/95/2009-PSE
https://doi.org/10.5713/ajas.2011.10208
http://10.0.73.117/ag.v36i4.6670
https://doi.org/10.1016/S0378-4290(03)00141-2


 

 

Roy, A. K., Agrawal, R. K., Bhardwaj, N. R., Mishra, A. K., & Mahanta, S. K. (2019). 

Revisiting national forage demand and availability scenario. Indian fodder scenario: 

Redefining state wise status. ICAR-AICRP on Forage Crops and Utilization, Jhansi, India, 1-

21.https://aicrponforagecrops.icar.gov.in/pdfs/Chapter.pdf. 

Roy, D. C., & Jana, K. (2016). Biomass production and quality of berseem fodder (Trifolium 

alexandrinum L.) as influenced by application of phosphorus and phosphate solubilizing 

bacteria. Adv Life Sci, 5, 1225-1229. https://www.researchgate.net/profile/Deepika-

Baranwal/publication/325813101_Chronic_Kidney_Disease_A_Review/links/5bf1b6d1299bf

1124fdc0a97/Chronic-Kidney-Disease-A-Review.pdf#page=119. 

Roy, D. C., Ray, M., Tudu, N. K., & Kundu, C. K. (2015). Impact of phosphate solubilizing 

bacteria and phosphorus application on forage yield and quality of berseem in West 

Bengal. International Journal of Agriculture, Environment and Biotechnology, 8(2), 315-321. 

DOI: 10.5958/2230-732X.2015.00039.X. 

Saeed, B., Gul, H., Wahab, S., Durrani, Y., Haleema, B., Ayub, M., ... & Ahmad, I. (2011). 

Effect of phosphorus and potassium on seed production of berseem. African Journal of 

Biotechnology, 10(63), 13769-13772. DOI: 10.5897/AJB10.1676. 

Saeed, B., Gul, H., Wahab, S., Durrani, Y., Haleema, B., Ayub, M., Ali, M., Said, A and 

Ahmad, I (2011). Effect of phosphorus and potassium on seed production of berseem. African 

Journal of Biotechnology 10(63): 13769-13772. DOI: 10.5897/AJB10.1676. 

Shen, H., Xiong, H., Guo, X., Wang, P., Duan, P., Zhang, L., ... & Zuo, Y. (2014). AhDMT1, 

a Fe^ sup 2+^ transporter, is involved in improving iron nutrition and N2 fixation in nodules 

of peanut intercropped with maize in calcareous soils. Planta, 239(5), 1065. 

 DOI:10.1007/s00425-014-2033-2. 

Siddiqui, S. N., Umar, S., Husen, A., & Iqbal, M. (2015). Effect of phosphorus on plant 

growth and nutrient accumulation in a high and a low zinc accumulating chickpea 

genotypes. Annals of Phytomedicine, 4(2), 102-105. 

https://www.researchgate.net/profile/Azamal-

Husen/publication/291466758_Effect_of_phosphorus_on_plant_growth_and_nutrient_accum

ulation_in_a_high_and_a_low_zincaccumulating_chickpea_genotypes/links/56a32db108aeef

24c5876c97/Effect-of-phosphorus-on-plant-growth-and-nutrient-accumulation-in-a-high-and-

a-low-zinc-accumulating-chickpea-genotypes.pdf. 

https://aicrponforagecrops.icar.gov.in/pdfs/Chapter.pdf
https://www.researchgate.net/profile/Deepika-Baranwal/publication/325813101_Chronic_Kidney_Disease_A_Review/links/5bf1b6d1299bf1124fdc0a97/Chronic-Kidney-Disease-A-Review.pdf#page=119
https://www.researchgate.net/profile/Deepika-Baranwal/publication/325813101_Chronic_Kidney_Disease_A_Review/links/5bf1b6d1299bf1124fdc0a97/Chronic-Kidney-Disease-A-Review.pdf#page=119
https://www.researchgate.net/profile/Deepika-Baranwal/publication/325813101_Chronic_Kidney_Disease_A_Review/links/5bf1b6d1299bf1124fdc0a97/Chronic-Kidney-Disease-A-Review.pdf#page=119
https://doi.org/10.5897/AJB10.1676
https://doi.org/10.5897/AJB10.1676
https://www.researchgate.net/profile/Azamal-Husen/publication/291466758_Effect_of_phosphorus_on_plant_growth_and_nutrient_accumulation_in_a_high_and_a_low_zincaccumulating_chickpea_genotypes/links/56a32db108aeef24c5876c97/Effect-of-phosphorus-on-plant-growth-and-nutrient-accumulation-in-a-high-and-a-low-zinc-accumulating-chickpea-genotypes.pdf
https://www.researchgate.net/profile/Azamal-Husen/publication/291466758_Effect_of_phosphorus_on_plant_growth_and_nutrient_accumulation_in_a_high_and_a_low_zincaccumulating_chickpea_genotypes/links/56a32db108aeef24c5876c97/Effect-of-phosphorus-on-plant-growth-and-nutrient-accumulation-in-a-high-and-a-low-zinc-accumulating-chickpea-genotypes.pdf
https://www.researchgate.net/profile/Azamal-Husen/publication/291466758_Effect_of_phosphorus_on_plant_growth_and_nutrient_accumulation_in_a_high_and_a_low_zincaccumulating_chickpea_genotypes/links/56a32db108aeef24c5876c97/Effect-of-phosphorus-on-plant-growth-and-nutrient-accumulation-in-a-high-and-a-low-zinc-accumulating-chickpea-genotypes.pdf
https://www.researchgate.net/profile/Azamal-Husen/publication/291466758_Effect_of_phosphorus_on_plant_growth_and_nutrient_accumulation_in_a_high_and_a_low_zincaccumulating_chickpea_genotypes/links/56a32db108aeef24c5876c97/Effect-of-phosphorus-on-plant-growth-and-nutrient-accumulation-in-a-high-and-a-low-zinc-accumulating-chickpea-genotypes.pdf
https://www.researchgate.net/profile/Azamal-Husen/publication/291466758_Effect_of_phosphorus_on_plant_growth_and_nutrient_accumulation_in_a_high_and_a_low_zincaccumulating_chickpea_genotypes/links/56a32db108aeef24c5876c97/Effect-of-phosphorus-on-plant-growth-and-nutrient-accumulation-in-a-high-and-a-low-zinc-accumulating-chickpea-genotypes.pdf


 

 

Sindhu, S. S., Sharma, R., Sindhu, S., & Phour, M. (2019). Plant nutrient management 

through inoculation of zinc-solubilizing bacteria for sustainable agriculture. Biofertilizers for 

sustainable agriculture and environment, 173-201.. DOI: 10.1007/978-3-030-18933-4_8. 

Singh Dhaliwal, S., Sharma, V., Kumar Shukla, A., Singh Shivay, Y., Hossain, A., Verma, 

V., ... & Singh, P. (2023). Agronomic biofortification of forage crops with zinc and copper 

for enhancing nutritive potential: a systematic review. Journal of the Science of Food and 

Agriculture, 103(4), 1631-1643. https://doi.org/10.1002/jsfa.12353. 

Singh, D. N., Bohra, J. S., Tyagi, V., Singh, T., Banjara, T. R., & Gupta, G. (2022). A review 

of India’s fodder production status and opportunities. Grass and Forage Science, 77(1), 1-10. 

https://doi.org/10.1111/gfs.12561. 

Singh, R. P., Singh, A. K., Singh, M., & Singh, R. K. (2020). Diseases in berseem and its 

management: A review. Journal of Pharmacognosy and Phytochemistry, 9(3), 2054-2057. 

https://www.phytojournal.com/archives/2020.v9.i3.11616/diseases-in-berseem-and-its-

management-a-review. 

Singh, S. A. N. D. E. E. P., & Singh, V. I. N. A. Y. (2017). Productivity, quality and nutrients 

uptake of some rabi crops under zinc nutrition in alluvial soil. Annals of Plant and Soil 

Research, 19(4), 355-359. http://www.gkvsociety.com/control/uploads/3.pdf. 

Singh, T., Radhakrishna, A., Nayak, D. S., & Malaviya, D. R. (2019). Genetic improvement 

of berseem (Trifolium alexandrinum) in India: Current status and prospects. International 

Journal of Current Microbiology and Applied Sciences, 8(1), 3028-3036. 

https://www.researchgate.net/profile/TejveerSingh6/publication/331017277_Genetic_Improv

ement_of_Berseem_Trifolium_alexandrinum_in_India_Current_Status_and_Prospects/links/

5c7bdd0c299bf1268d34e7d0/Genetic-Improvement-of-Berseem-Trifolium-alexandrinum-in-

India-Current-Status-and-Prospects.pdf. 

Steinshamn, H., Thuen, E., Bleken, M. A., Brenøe, U. T., Ekerholt, G., & Yri, C. (2004). 

Utilization of nitrogen (N) and phosphorus (P) in an organic dairy farming system in 

Norway. Agriculture, Ecosystems & Environment, 104(3), 509-522. 

https://doi.org/10.1016/j.agee.2004.01.022. 

Sultana, S., Naser, H. M., Akhter, S., & Begum, R. A. (2016). Effectiveness of soil and foliar 

applications of zinc and boron on the yield of tomato. Bangladesh Journal of Agricultural 

Research, 41(3), 411-418.. https://doi.org/10.3329/bjar.v41i3.29712. 

https://doi.org/10.1002/jsfa.12353
https://doi.org/10.1111/gfs.12561
https://www.phytojournal.com/archives/2020.v9.i3.11616/diseases-in-berseem-and-its-management-a-review
https://www.phytojournal.com/archives/2020.v9.i3.11616/diseases-in-berseem-and-its-management-a-review
http://www.gkvsociety.com/control/uploads/3.pdf
https://www.researchgate.net/profile/TejveerSingh6/publication/331017277_Genetic_Improvement_of_Berseem_Trifolium_alexandrinum_in_India_Current_Status_and_Prospects/links/5c7bdd0c299bf1268d34e7d0/Genetic-Improvement-of-Berseem-Trifolium-alexandrinum-in-India-Current-Status-and-Prospects.pdf
https://www.researchgate.net/profile/TejveerSingh6/publication/331017277_Genetic_Improvement_of_Berseem_Trifolium_alexandrinum_in_India_Current_Status_and_Prospects/links/5c7bdd0c299bf1268d34e7d0/Genetic-Improvement-of-Berseem-Trifolium-alexandrinum-in-India-Current-Status-and-Prospects.pdf
https://www.researchgate.net/profile/TejveerSingh6/publication/331017277_Genetic_Improvement_of_Berseem_Trifolium_alexandrinum_in_India_Current_Status_and_Prospects/links/5c7bdd0c299bf1268d34e7d0/Genetic-Improvement-of-Berseem-Trifolium-alexandrinum-in-India-Current-Status-and-Prospects.pdf
https://www.researchgate.net/profile/TejveerSingh6/publication/331017277_Genetic_Improvement_of_Berseem_Trifolium_alexandrinum_in_India_Current_Status_and_Prospects/links/5c7bdd0c299bf1268d34e7d0/Genetic-Improvement-of-Berseem-Trifolium-alexandrinum-in-India-Current-Status-and-Prospects.pdf
https://doi.org/10.1016/j.agee.2004.01.022
https://doi.org/10.3329/bjar.v41i3.29712


 

 

Tariq, A., Anjum, S. A., Randhawa, M. A., Ullah, E., Naeem, M., Qamar, R., ... & Nadeem, 

M. (2014). Influence of zinc nutrition on growth and yield behaviour of maize (Zea mays L.) 

hybrids. American Journal of Plant 

Sciences, 2014.http://www.scirp.org/journal/PaperInformation.aspx?PaperID=48684. 

Tufail, M. S., Nielsen, S., Southwell, A., Krebs, G. L., Piltz, J. W., Norton, M. R., & Wynn, 

P. C. (2019). Constraints to adoption of improved technology for Berseem Clover (Trifolium 

Alexandrinum) cultivation in Punjab, Pakistan. Experimental Agriculture, 55(1), 38-56. 

https://doi.org/10.1017/S0014479717000540. 

Verma, S.S., Singh, N., Joshi, Y.P. and Deorari, V (2005). Effect of nitrogen and zinc on 

growth characters, herbage yield nutrient uptake and quality of fodder sorghum (Sorghum 

bicolor) Indian Journal of Agronomy 50(2): 167-169. 

https://indianjournals.com/IJOR.ASPX?target=ijor:ija&volume=50&issue=2&article=026. 

Vineeth, B., Singh, S., Reddy, V. S. N., & Rajasekhar, M. (2022). Effect of Nitrogen and 

Phosphorus on Growth and Yield of Cowpea [Vigna unguiculata L.]. International Journal of 

Plant & Soil Science, 34(18), 77-83. https://doi.org/10.9734/ijpss/2022/v34i1831057. 

Weaver, D. M., & Wong, M. T. (2011). Scope to improve phosphorus (P) management and 

balance efficiency of crop and pasture soils with contrasting P status and buffering 

indices. Plant and Soil, 349, 37-54.DOI 10.1007/s11104-011-0996-3. 

Wright, I. A., Tarawali, S., Blümmel, M., Gerard, B., Teufel, N., & Herrero, M. (2012). 

Integrating crops and livestock in subtropical agricultural systems. Journal of the Science of 

Food and Agriculture, 92(5), 1010-1015. https://doi.org/10.1002/jsfa.4556. 

Zahedi, H. (2016). Growth-promoting effect of potassium-solubilizing microorganisms on 

some crop species. Potassium solubilizing microorganisms for sustainable agriculture, 31-

42.DOI: 10.1007/978-81-322-2776-2_3. 

Zhang, L., Fan, J., Ding, X., He, X., Zhang, F., & Feng, G. (2014). Hyphosphere interactions 

between an arbuscular mycorrhizal fungus and a phosphate solubilizing bacterium promote 

phytate mineralization in soil. Soil Biology and Biochemistry, 74, 177-183. 

https://doi.org/10.1016/j.soilbio.2014.03.004. 

http://www.scirp.org/journal/PaperInformation.aspx?PaperID=48684
https://doi.org/10.1017/S0014479717000540
https://indianjournals.com/IJOR.ASPX?target=ijor:ija&volume=50&issue=2&article=026
https://doi.org/10.9734/ijpss/2022/v34i1831057
https://doi.org/10.1002/jsfa.4556
https://doi.org/10.1016/j.soilbio.2014.03.004

