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Abstract 

Vitreous materials find wide spread application in modern civilization. This review examines the role of vitreous fertilizers towards the 

agricultural aspects and its related complexity. This review article emphasizes particularly the role of vitreous fertilizers which are 

actually known as slow or controlled release fertilizers having the latest concept of fertilizer technology in which plant roots undergo 

extraction of ions by certain chemical exchange reaction through hydrolysis. It is thus a new challenge for ceramic researchers and 

engineers to design or formulate some useful glass compositions for these agriculture challenges coming before the world community 

by the over use of chemical fertilizer for enhancing the agriculture production. This kind of attempt helps in solving the issues in respect 

of the removal of non-fertility and improving the current situation related to fertilizers. 
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Introduction 

The environmental protection is very important in an industrial 

world. Using of fertilizes in agriculture is useful for enhancing 

food production but on the other side it may be very dangerous 

for environment because of over and over use of chemical 

fertilizers, insecticides, herbicides, pesticides and oxytocin. In 

last two and three decades when hybrid varieties of crops were 

developed in which 80% chemical fertilizers were being used. It 

has been reported by various agencies that our soil is facing a 

deficiency of many nutrient elements in different parts of country. 

Due to which our agricultural land is turning towards non-

fertility. Our soil may be considered healthy only when there 

must be a balance of all nutrient elements. In this way one can 

understand that our plants require 17 elements for completing 

their life cycle and the following division is based on the amount 

of element absorbed by the plants for their balanced growth 

(Chaturvedi et al, 2014 and Takker et al, 1978) [1, 2]. 

1. Primary elements: Nitrogen, Phosphorous & Potassium

2. Secondary elements: Calcium, Magnesium, sodium and

Sulphur

3. Trace elements: Boron, Cobalt, Copper, Manganese, Zinc,

Iron, Molybdenum, Silicon, Vanadium etc.

On the other hand over use of these agricultural chemicals may 

cause many diseases like- cancer, heart attack, blood pressure, 

Tuberculosis, paralysis and many skin diseases are become most 

common in human beings. If we really love our motherland, 

environment and body (health), we have to take some preventive 

measures to regain natural smell and taste in our fruits, flowers, 

vegetables and crops. The researchers and technologists (Stoch et 

al., 2003, Torrisi et al, 2013 and Trenkel, 2010) [3, 4, 5] all around 

the world are experienced about the pollution of soil, ground 

water contamination, non- fertility of soil due to imbalance of 

nutrient elements. The efforts made in the direction towards the 

development of glass frits containing plant nutrients but the 

efforts have not yet yield a viable technology. The fritting 

technology having advantages that allows adding a wide variety 

of features by changing the raw materials in the glass 

compositions is utilized in agriculture. Further, these glass 

compositions allow nutrient elements to be delivered steadily 

over a long period of time to the plants without danger of toxicity 

if applied in excess to the agriculture fields. 

Agricultural aspect of plant nutrients 

It is known that N, P, K, Ca, Mg, S, Cl, B, Cu, Fe, Mn, Zn and 

Mo are essential for the growth and reproduction of the plants. N, 

P, K, Ca, Mg and S are required by the plants in comparatively 

large amounts and are called as “Major” and “Macro” nutrient 

elements. But the elements such as Zn, Mn, Cu, Mo, Fe, B and Cl 

are required in very small amounts and are known as “Minor” or 

“Micronutrients”. These are taken up by the plants as anions or 

cations depending on their mobility from the soil or water in 

which the plants grow (Chaturvedi et al., 2008) [6]. It is necessary 

to understand specific nature of mentioned basic plant nutrients 

which play an important role in the physiological functioning of 

plants. The role and function of each micronutrient, whose 

deficiency impact and its remedial measures with respect to 

chemical fertilizers and glass nutrients may be definitely a part of 

studied. The following is the step-wise study of each macro and 

micro nutrient element from agricultural point of view. The 

macronutrients nitrogen, phosphorous and potassium wash out of 

the soil over time requiring soil enrichment with chemical 

fertilizer to restore the balance and help plants attain their best 

growth potential. Different plants have different preferences 

regarding optimum levels of these nutrients particularly in 

regards to nitrogen. For example, too much Nitrogen will stunt 

tomato production while Spinach and  
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Fig 1: Glass network formation along with several nutrients elements 

 

Broccoli feed heavily on this nutrient and require higher level to 

grow well. Calcium, magnesium and sulphur are rarely low 

enough to cause concern but if the soil is missing these key 

ingredients, they can also be added as soil amendments. The 

micronutrients like boron, copper, iron, zinc, molybdenum, 

sodium, cobalt and vanadium are required in such minute 

amounts for the plant growth and function (Ali et al.,2013 and 

Yaduvanshi et al.,2013) [7, 8]. The lacking of trace elements may 

be particularly a problem. The best way to ensure a good supply 

of these plant nutrients is to feed our soil with the help of glass 

network which may be proved a better and cheaper substitution 

of chemical fertilizers because of its controlled leaching 

behavior. Considering the scientific aspect related to the 

solubility of vitreous fertilizers, the glass matrix shall combined 

through its constituents with a number of minerals present in the 

soil to form various percipients which are not rapidly absorbed 

by the plant roots. These are available within the soil for maintain 

further fertility of the soil while the residual of chemical fertilizer 

cell dissolve in water and is washed out after few hour of 

application leaving their one time reaction. On the other hand 

vitreous fertilizer do not have this weak point, thus these are not 

washed out easily, not disintegrate in the soil and provide 

continuous supply of the nutrient elements for a longer time with 

effect of increasing the fertility of the soil. 

 

Role of vitreous fertilizers and their related leaching 

mechanism 

Glass fertilizers are a new type of advance and controlled release 

fertilizers which are made of glass matrixes containing most 

useful macro elements and also incorporate some other micro 

nutrient elements required for the balance growth and 

development of crops and plants (yaduvanshi et al, 2013) [8]. For 

this purpose conventional glasses are made of oxides network 

formers such as SiO2, B2O3 and P2O5, oxide glass modifiers 

such as Na2O, K2O etc., glass stabilizers such as CaO and other 

oxide additives such as ZnO, MnO and Fe2O3. Among these 

oxides that conform the structure and composition of a glass, 

P2O5 and K2O are considered as macro nutrient elements 

whereas Fe2O3, ZnO and MnO and other oxides are micro 

nutrients for plant growth. Keeping this aspect in mind a glass 

fertilizer can be formulated with P2O5 as glass former, K2O as 

glass modifier, CaO as glass stabilizer and other additives such 

as ZnO, MnO and Fe2O3 etc. A model network structure of glass 

along with various nutrient elements has been suggested by 

researchers (Pyare, et al, 1996) [9] and is illustrated in fig.1. It is 

well-Known fact that a glass has hydrophilic nature and have a 

tendency to attract other foreign and external species or 

constituents in terms of moisture, water and chemicals. This 

behavior of glasses give rise the further leaching of species and 

constituents from the formulated glass network when it comes in 

contact with water and moisture present in the agriculture fields. 

Micro-nutrients glass fertilizers release a limited amount of 

micronutrients into the soil through hydrolysis which can be 

absorbed by the plants without any contamination. Since these 

glass granules /powder form are sparingly soluble because of 

their sluggish leaching and mix with the soil (Bansal et al., 1986 

and Hazra et al., 2014) [10, 11]. They are not easily washed away 

by the rains as chemical fertilizers. These glass fertilizers 

continue to feed the plants year after year. It is important to 

consider here the hydrolysis process through which dissolution of 

glass takes place by leaching (via ion exchange) of some weak 

bonded species from the glass net-work (Chaturvedi et al, 1995 

and Paul, 1990) [12, 13] after coming in contact with soil and water. 

Further, the mono valent cations are more easily diffused because 

of their mobility in comparison to doubly charged (divalent 

cations) and triply charged (trivalent cations) which are tightly 

bound with the glass net- work. In the similar way divalent 

cations and trivalent cations may also migrate out from the glass 

net-work which results slow leaching of glass nutrients. It may be 

due to the fact that increase in charge on cations decrease its 

mobility. Finally tetravalent cations will be leached out from the 

glass net- work (Chaturvedi et al., 2008 and Mellott, 2001) [6, 14]. 

In the dissolution mechanism of glass net-work, it is important to 

outline the types of chemical reactions that may take place 

between glass net-work and water. The release of micronutrients 

and other constituents of glass net-work in water may be due the 

following hydrolysis reactions (Cox et al., 1992) [15]. 

 

≡Si – OR + H2O = ≡ Si – OH + R+ + OH-  

 

≡Si – O – Si≡ + OH- = ≡ Si – OH + ≡ Si - O- 

 

The non-bridging oxygen formed in above reaction interacts with 

further molecules of water producing a hydroxyl ion which is free 

to repeat chemical reaction over again. 

 

≡Si - O- + H2O = ≡ Si – OH + OH- 

 

Several other hydrolysis reactions to understand dissolution 

mechanism of glass net-work has been suggested by researchers 

(Burnie et al., 1981, Burnie et al., 1983 and Pyare, 2003) [16, 17, 18] 

regarding the leaching behavior of monovalent, divalent, trivalent 

and tetravalent cations present in glass network. The action of 

these micronutrients is very specific and its action towards plants 

is similar to that of vitamins in human body. These elements are 

essential for proper physiological functioning of plants and must 

be supplied to the plants. Even where the soil contains sufficient 

amounts of these micronutrients, deficiencies of these elements 

may occur in plants growing in that soil, due to chemical and 

physiological processes which render such elements unavailable 

to the plants or make them inactive in the physiological 
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functioning within the plant. A deficiency of these micronutrients 

causes diseases to the plants and affects the yield adversely. The 

functions of different micro- nutrients in the plants and the 

diseases caused by their deficiency along with exiting chemical 

remedies are shown in Table-1.  

A fair idea about the roles of various agriculture chemicals which 

are using frequently in last few decades for enhancing the 

production while preparing these new kinds of glass fertilizers. 

This will help a great to achieve better formulation of glass 

compositions. 

 
Table 1: Role of various macro and micro-nutrient elements in plants along with their deficiencies, diseases and remedies [overall existing chemical 

agricultural aspect] 
 

Mineral 

Element 
Deficiency/diseases Symptoms Chemical fertilizers remedies 

Nitrogen 
Chlorosis, leaves become yellow and remain 

wilted. 

Application of any of the following fertilizers is beneficial- Aluminium 

Sulphate(20.6%), Ammonium nitrate(26.0%), Ammonium chloride(25.0%), 

Calcium ammonium nitrate(25%), Urea(46%). For providing nitrogen about 120-

150kg/ha of any of the above fertilizer may be used. For quick response in standing 

crops 0.5-2% nitrogen should be applied as foliar spray. 

Phosphorous 

Retarded growth rate, plants remain stunted; older 

mature leaves become deep bluish green in color 

and root growth is retarded. 

Application of phosphorous containing fertilizers like single super phosphate(16%), 

Triple super phosphate(46%), Diammonium phosphate(20%) can be incorporated in 

soil before sowing, vegetable require 90-120 kg phosphorous/ha. 

Potassium 

Leaves of the lower part of the plant show 

scorching or burnt symptoms. In crops of 

graminae family the scorching part and proceeds 

to petiole leaving only mid rib as green 

Potassium fertilizers like Sulphate of potash (52%), Muriate of potash (60%), 

Potassium magnesium sulphate (22%), and wood ash (5%) may be used. Generally, 

60-80kg potassium/ha is used for soil incorporation in vegetable crops. 

Calcium 

Terminal part of the new leaves become curved 

and attain hook like shape and flowers show 

withering. 

Calcium can be provided by applying calcium ammonium nitrate (81%), calcium 

nitrate(19.50%), slaked lime(50%), limestone(36%) etc. 

Sulphur Interveinal chlorosis of leaves 
The requirement of magnesium can be made by applying potassium magnesium 

nitrate (9.4%) and magnesium ammonium phosphate (14.8%) 

Sulphur 
Chlorosis of younger(upper) leaves of the plants, 

growth is retarded 

For overcoming the deficiency, Urea sulphur(10%), Sulphur coated urea(19%) 

sulphur (100%) etc may be used for adding sulphur 

Boron 
The terminal buds die, destruction of phloem and 

xylem 

Boron deficiency can be controlled by adding 20-25 kg borax/ha in the soil. In 

standing crop 0.2% borax solution should be sprayed. In addition to this boric acid 

(17%), borocite acid (21%), polybot (14%) etc may be used. 

Iron 

Decrease in chlorophyll content of plants; new 

tendrils and leaves become yellow in 

colour; new leaves show interveinal chlorosis 

For overcoming the deficiency problem application of Ferrous sulphate (10-30 

kg/ha) is the best. For foliar application spray mixture of ferrous sulphate 0.3% and 

lime 0.15% may be used. Ferrous ammonium phosphate (23%) may also be used. 

Manganese 

Primary symptoms appear on new leaves, 

interveinal chlorosis occurs, later on affected 

tissues die. 

For overcoming the deficiency problem Manganese sulphate is used 2 1050 kg/ha 

for soil incorporation. In standing crops, 0.6% Manganese sulphate and 0.3-0.5 

% lime mixture should be used for foliar spray. In addition to this Manganese 

carbonate (31%), Anhydrous manganese sulphate (36%), Manganese chloride (17%) 

may be used. 

Copper 

Newer parts of the plants are affected due to 

copper deficiency and tips of branches start 

wilting from upper to lower direction; plants 

remain stunted. 

For overcoming the deficiency problem blue vitriol 

I.E. Copper sulphate should be used @ 10-15 kg/ha for soil incorporation. 1n 

standing crops 1-1.5% lime should be mixed and used for foliar spray. In addition to 

this Copper ammonium phosphate (32%), Copper sulphate monohydrate (35%), 

Cupric oxide (89%) may also be used. 

Zinc 

Plants remain stunted, root growth is stopped, 

Deficiency symptom is at the upper mature leaves. 

Its deficiency causes physical imbalance in bean, 

brinjal and cauliflower. 

For overcoming the deficiency problem in soil Zinc sulphate should be used @10-15 

kg/ha. Foliar spray of mixture of 0.5% Zinc sulphate solution and 0.25% lime should 

be done over vegetable crops as soon as Symptom appears. 

Molybdenu 

m 

Plants remain stunted, older leaves show yellow 

spots, marginal tissues of leaves die and leaves 

curve inside. 

For overcoming the deficiency problem Sodium molybdate and Ammonium 

molybdate should be used @ 15-20 kg/ha. In standing crops any of the two 

fertilizers may be used by makin; solution of 0.05%. 

Chlorine 

Tip portion of leaves wilt which later on turn red 

coloured and wither away. In cabbage, the leaves 

get curled due to its deficiency. 

Muriate of potash (47.6%), Ammonium chloride (66.3%) may be used to overcome 

its deficiency problems. 

Sodium 
Leaves turn to almond colour and tissues start 

degrading. 

For overcoming the deficiency problem apply foliar spray of 0.05% Sodium 

sulphate. 

Cobalt 

In legumes, yellowing leaves or small root 

nodules. Cobalt toxicity is more dangerous than 

deficiency. 

For overcoming the deficiency problem apply Cobalt sulphate @ 6 kg/ha. In 

standing crops any one of the following may be used @ 25-50 ppm for foliar spray 

Cobalt acetate (33.3%), Cobalt chloride (45.4%), Cobalt nitrate (63.4%) or Cobalt 

sulphate 

(39.1%). 

Vanadium Essential for the normal growth of higher plants. 
Foliar spray of Vanadium trichloride @ 25-30 ppm is sufficient to meet the 

vanadium requirement. 
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When these micro-nutrients added as water soluble salts or 

numerous chemical applications as requirements in the soil and 

the agriculture field is required only a small portion of the total 

nutrients added is taken up by the roots and rest goes waste as it 

percolates pretty deep in the soil beyond the reach of the roots 

and is fixed in the soil in the insoluble forms. During the floods 

and heavy rains micronutrients are washed away. Thus the use of 

chemical fertilizers containing micronutrients elements have 

been generally unsatisfactory and of limited application, since 

conditions existing in the soil that caused the original deficiencies 

still exist. 

During the past two decades micronutrients have come to occupy 

an important position in agriculture and many elements have 

become indispensable to the health and production of plants, 

animals and human beings. Keeping the aspect of subject in mind 

vitreous fertilizers carry a wide range of advantages. These 

glasses are good metal nutrient solubility in aqueous media, 

including an aqueous media of alkali pH. These glasses provide 

an acid extract in water which creates a less alkaline and even 

acidic environment around each frit particles in the soil, enabling 

more efficient pick up of the nutrient metal by the plants. These 

glasses provide a good source of nutrient elements in adequate 

amounts and melting glasses having a low overall cost with non- 

toxicity and controlled leachability. 

 

Conclusion 

In this review paper author has tried to explore the attention 

towards vitreous fertilizers rather than commercially available 

chemical fertilizers which are frequently using in agriculture 

along with their over dosages for enhancing the production and 

other related aspects. This kind of current practice is leaving an 

adverse impact with the soil health. As a result, deficiencies of 

many nutrient elements have been observed in agriculture fields. 

Therefore, it is necessary to use ceramic fertilizers in a control 

manner as per agricultural requirements to overcome this kind of 

problem which is slowly being developed in agriculture fields by 

the over use of numerous chemicals in last few decades. 

In this way glass can offers an excellent opportunity because of 

its composition and solubility, the use of such products that will 

supply sufficient amounts of plant nutrients having a desired 

ionic mix over a long duration i.e. sustained release of the 

nutrients and every constituents of the glass should be used for 

the growth of the plants throughout their life cycle and also to 

fulfill the need for maintaining the fertility of the soil by specific 

and multi-nutrient glass compositions. However it is not so 

simple to fabricate such a glass for this purpose. Considering 

these important aspects glass compositions need to be prepared 

that the solubility of glass in water should be relatively small in 

order to prevent a quick release of micro-nutrient elements so that 

these vitreous fertilizers can be worked year after year in various 

types of soil having both an acidic and basic pH. Finally this can 

be proved a better substitution over chemical fertilizers by 

adopting this as a viable technology instead of numerous 

chemicals applications from time to time as per agricultural 

requirements which are frequently using in agriculture for 

enhancing the production. This practice is leaving a side effect 

towards fertility of soil. 

Considering the future aspect of agriculture, ceramic fertilizers 

may be a good replacement of chemical fertilizers with several 

advantages like toxicity, overdose application and control 

leaching of nutrient elements from the glass network along with 

its usefulness towards the removal of soil in-fertility with specific 

agricultural requirements. 
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