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ABSTRACT 

Green fodder plays a major role in the feed of milch animals providing required nutrients for milk production and health 

of dairy animals. An animal performance is expected to depend directly on fodder quality which relies on various factors 

including soil fertility status, where   zinc is very important nutrient. It is needed in small quantity, but plays 

indispensable role in the metabolism of dairy cows .Zinc plays a number of important functions. Among many others, its 

role in strengthening the immune system and the reproductive system are notable. Increasing fodder Zn concentrations 

through fertilization is an effective method of supplying Zn to cows. In recent years, the crucial importance of optimal Zn 

supplies for the health and sustained productivityof high-producing dairy cows has been very well documented. For this 

reason, Zn uptake by major dairy forage crops such as the ryegrasses, barseem is of particular concern. Because of the 

obvious drawbacks of chemical fertilizes, biofertilizers have gaining importance in agriculture.The present review 

focuses the importance of Zn fertilization in fodder crops through inoculation with zinc solubilizing bacteria. 

 

INTRODUCTION 

Zinc (Zn) is one of the essential micronutrients required for optimum plant growth and plays a vital role in 

metabolism.It is required in small but critical concentrations for the functioning of several plant physiological 

functions like photosynthesis and sugar formation, protein synthesis, fertility and seed production, growth 

regulation and disease resistance. Under zinc deficiency these functions are impaired resulting in lower yields. 

Animals and humans also have critical zinc requirements and in areas where zinc deficiency in crops is 

widespread there is a high risk that the health of livestock and people will also be affected. This is evident 

from the fact that fertility problems have increased in the past some years in humans and the effect is much 

pronounced in animals. Its deficiency in pasture and animal fodders affects the periodicity and causes 

irregularities in conception in animals. Many studies were conducted to assess the prevalence of micro 

minerals deficiency in animals by analyzing their concentration in feed and fodder samples. Zinc is one 

element, which is found to be acutely deficient in many geographical zones of India (Ramana et al., 2003; 

Garg et al., 2005; Udar et al., 2003).Most of the feed ingredients, particularly straws, were unduly low in Zn 

content (17.80 ppm). Zinc content was found below the critical level (30 ppm) in most of the crop residues 

and needed to be supplemented @ 80 ppm in the total ration (Arora, 1981) of animals, to overcome its 

deficiency. According to a survey carried out in Punjab on the micronutrient analysis of fodder crops, about 

16-50  per cent samples of barseem and  13-43% of oats contained inadequate supplies of Zn (<25 mg kg-1 

dry matter) than required for animals. This deficiency is attributed to the presence of unavailable fractions of 

zinc rather than low levels of zinc in the soil (Aulakh et al, 2009)  

                        There is plenty of zinc in the soil to support crop growth,but the crops exhibit zinc deficiency 

due to the presence of unavailable fractions of zinc . Zinc availability in the soil is affected by many factors 

like soil texture, soil pH, soil phosphorous and weather conditions. Exogenous application of zinc in the form 

of fertilizers also becomes unconventional because of the transformation into unavailable fractions soon after 

application and accumulation in the soil. (Sunitha Kumari et al., 2016). Soil microorganisms are able to 

solubilize insoluble zinc by producing various organic acids. The use of ZSB as bioinoculants has gained 
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momentum in the recent years as they play a vital role in maintaining the soil nutrient status, structure and 

sustains the production base.. 

                        Zinc solubilizing bacteria have been isolated by many microbiologists from the rhizosphere of 

different crops and assessed for other plant growth promoting traits. (Sunithakumari et al, 2016, Goteti et al, 

2013.). Shakeel et al (2015) reported that the root Associated Bacillus sp. improves growth, yield and zinc 

translocation for Basmati Rice (Oryza sativa) varieties. Two hundred thirty four isolates were obtained from 

the roots of basmati-385 and basmati super rice varieties growing in clay loam and saline soil at different 

locations of Punjab (Pakistan).Out of 234 isolates, 27 were able to solubilize zinc (Zn) from different Zn ores 

like zinc phosphate [Zn3(PO4)2], zinc carbonate (ZnCO3) and zinc oxide (ZnO) with varying efficiencies. 

Sarathambal et al (2007) assessed the zinc solubilization ability of Gluconacetobacter diazotrophicus in maize 

rhizosphere using labelled 65Zn compounds.  

                      Different mechanisms of solubilization have been identified for solubilization including proton 

excretion, production of organic acids and other chelating metabolites (Agnihorti, 1970). Organic acid 

production by microbial strains has been reported to be a major mechanism of solubilization (Nguyen et al., 

1992). Zinc phosphate solubilization by a strain of P.fluorescens was investigated by  Simine et al. (1998) and 

they observed that supplementing medium with zinc sulphate resulted in more gluconic acid production.  

Saravanan et al (2007) assessed  the Solubilization of insoluble zinc compounds by Gluconacetobacter 

diazotrophicus and reported that 5-ketogluconic acid produced by G. diazotrophicus mediated the 

solubilization process.  Effect of inoculation of ZSB by bacterial isolates under pot house conditions have 

been also been investigated  .  Bacterial strains when used individually as well as in combination with each 

other improved growth and Zn uptake of rice plants significantly over the control as well as over Zn fertilizer 

treatment , respectively (Vaid et al., 2014). Increasing zinc concentration by the use of zinc solubilizing 

bacteria as inoculants is a approach that although has been practiced in major cereal crops, but fodder crops 

are often neglected.This paper briefly reviews the importance of  zinc solubilizing bacteria as inoculants for 

fodder crops. 

 

Why ZSB for fodder crops? 

Anestrus, subestrus, or irregular estrous cycles in cows may result from a number of factors, of which poor 

nutrition is a major reason. Low zinc diets affect the testicular development of bulls and therefore can affect 

fertility in a herd.  Zinc deficiency results in reduced sperm production and delays maturation of sperm. in 

addition, cows may have low conception rates even though the bulls are normal. Calves grow slowly and 

reach puberty at a later age than normal. Severe zinc deficiency has been observed in ruminants grazing 

forages.(Spears, 1995) It has been found that optimizing the Zn supply to dairy cows serves to counteract 

udder infections and to reduce lameness, both of which are major problems in many dairy herds. Forage 

nutrient concentrations have an imperative role in animal feeding. Its nutritive value is influenced by several 

factors including soil fertility. The most 

important and readily manageable factor to produce a profitable crop is plant nutrients. Undoubtedly, zinc 

deficiency in the fodder crops can be managed by the use of zinc solubilizing bacteria as inoculants. 

                              Plant associated rhizobacteria prevailing in different agro-ecosystems exhibit multiple traits 

which could be utilized in various aspect of sustainable agriculture. The use of efficient ZSB (zinc-

solubilizing microorganisms), opens up a new horizon for better quality fodder crop besides sustaining soil 

health. Much work has been done on the isolation and characterization of PGPR  having traits like mineral 

phosphate solubilization, nitrogen fixation, production of plant growth promoting substances like auxins, 

cytokinins, gibberellins, indole acetic acid, abscisic acid etc., synthesis of enzymes that can modulate plant 

growth and development, increased nutrient uptake and enhanced stress resistance.Inoculation of zinc 

solubilizing bacteria on fodder crops helps in improving the quality of feedstock for pasture animals besides 

improving soil fertility. 
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SCOPE AND FUTURE PERSPECTIVES 

Although significant studies related to ZSB and their role in sustainable agriculture have been done over the 

last few decades, studies on the  effect of Zinc solubilizing bacteria on the zinc content of fodder crops are 

really scanty.  Zinc-solubilizing microorganisms have yet to fulfill their promise as commercial bio-inoculants 

for fodder crops. The development of an efficient strain that can work under different soil types and climatic 

conditions may prove a boon in agricultural sector. The irregularities in the heating period of cows, buffaloes 

and problems in the conception are to a greater extent attributed to low Zinc in the fodder crops. Since the 

effects of PGPR strains vary for different crops growing in various soil types under variable climatic 

conditions,therefore,it is imperative to cultivate region-specific microbial strains for the development of 

suitable bio inoculum to obtain maximum yield and nutrient content of a specific crop. 

                       Screening of potential Zinc solubilizing bacteria bearing other plant growth promoting traits not 

only helps in improving the  quality of feedstock for pasture animals , improving soil fertility in soils , but also 

finds its use in  bioremediation in the areas of high metal contamination. In this concern, considerable research 

focus is needed to understand whether they solubilize other minerals including P apart from Zinc. In 

solubilizing toxic elements their tolerance potential towards a toxic ion, their mechanism of solubilization , 

their survival in  rhizospheric soil and enhancement of mineral solubilization needs to be evaluated. our 

understanding of the functional diversity, rhizosphere colonizing ability, mode of actions and judicious 

application are likely to facilitate their use as reliable components in the management of sustainable 

agricultural systems so that the use of ZSB as potential biofertilisers in different soil conditions becomes a 

reality.  
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