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I INTRODUCTION : 



Chapter I 

I K T R O B t f C T I O H 

Unlike major nutrients, trace elements did not receive 

adequate attention In the past, in our Country. As the demand 

for higher yields increases and the plant requirements for 

major elements are more efficiently met with, other elements 

are more likely to become limiting. Like major nutrients, 

mlcronutrients are also equally important in boosting the 

agricultural production. Application of mieronutrients in 

combination with major nutrients and provision of adequate 

irrigation fac i l i t i e s wil l go a long way In hringing the 

green revolution in the country which i s of prime importance* 

Amongst the various trace elements, boron has received 

considerable attention in recent years owning to i t s role 

as a nutrient and also due Vo i t s importance in deciding 

the quality of water. This together with Instances of 

crop failures and plant diseases arising from the deficiency 

and excess of available boron in the so i l , has led to 

numerous studies for assessing the status of i t in soi ls 

and plants as well as in knowing the factors which govern 

i t s availability in so i l s . 

Boron exists in so i l in two forms namely - water 

soluble and total . Water soluble boron I s considered to be 

a most useful source for the plant (Berger and Truog,1947). 
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The content a of boron in different so i l s depend upon the 

nature of parent material from which they are derived and 

t h e characteris t ic of the soi l type. 

Eventhough boron i s considered to be a minor element, 

-.. . ac t ice i t i s of major importance. I t i s of universal ^ 

occurrence in living organisms and flowering plants cannot 

a t t a i n t he i r fa l l development in the absence of traces of 

t h i s element (Anon. 2967)• the necessity of boron to plants 

in small amounts was f i r s t established about two decades ago 

in connection with the Heart rot disease of Sugarbeet and 

Mangold. Maze (1915) working with maize, was the f i r s t t o 

report that boron was essent ia l for the normal growth of the 

com. 

y Boron i s known to play many important functions in 

plant metabolism. I t i s necessary for ce l l division, nitrogen 

and carbohydrate metabolism, in aajt aMjargiion and water 

r e la t ions in plants* I t i s also required for the transloca­

t i on of sugar in the plants and development of cel l wasyf? 

Further , i t i s regarded as a buffer in plant t i ssues acting 

as some kind of regulator for other substances (Agarwal, 1965). 

The ro le of boron appears to be connected both with the 

uptake of calcium by the roots and i t s efficient use in the 

p lan t (Russell, 1961). ftbnocotyledans have a lower requirement 

for boron than the dicotyledons (Wear,1957). 
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I r r iga t ion i s an essential practice in boosting the 

agr icul tura l production for increasing the food supply. Even 

with the adequate I r r igat ion f ac i l i t i e s in some regions of 

t he State of Maharashtra, there has been no remarkable increase 

in the crop yie lds which i s mostly due t o faulty i r r iga t ion 

prac t ices and use of poor quality i r r iga t ion water. There 

i s also a tendency to u t i l i z e a l l the available water itfileb 

leads to the heavy accumulation of sa l t s in the so i l . In 

Maharashtra S ta t e , the major source of i r r iga t ion i s through 

well waters and therefore, due consideration to i t s quality 

must be given. 

The boron content of i r r iga t ion water l a one of the 

major c r i t e r i a used in deciding the quality of water. Many 

well waters contain boron which may be present in toxic amounts. 

Continuous use of such waters may render the soi l unproductive. 

(U.S.D.A. 1947, Sing and Kanwar 1963). 

The problem regarding the general s tatus of Indian so i l s 

in respect of boron and the degree of i t s avai labi l i ty in 

different so i l s has no doubt received some attention in our 

country but in Maharashtra, except Bendale et a l . (1951), 

Raut (1962) and Atre ( 3960) , nobody has t r ied to assess the 

boron status of soi ls developed under varying agro-eli matte 

conditions and derived from different kinds of parent materials. 

\" Further, u p t l l now nobody has attempted to report the boron 

contents of well waters from any parts of Maharashtra Sta te . 
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^Thc present studies were,therefore, undertaken to assess 

the re la t ive status of boron in different so i l types of 

Maharashtra Sta te and i t s concentration in well waters from 

different d i s t r i c t s of Maharashtra. Such a study wil l throw 

l ight in locating the areas where probable deficiency of t h i s 

element would be predicted and where the high concentrations 

of i t in well waters may cause toxici ty symptoms in plants . 

The study wil l also heJp us in an efficient use of waters of 

different quali ty. The knowledge about the boron status in 

s o i l s from different agro-climatic zones of the State, can 

a l so help us In predicting the crop responses for boron, 

added through soi l or spray. An account of the observations 

made with t h i s objective i s presented in the following pages. 
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Chapter XX 

BEVIBW OF LITBRATORB 

The problem of boron supply In s o i l s has received 

considerable attention In Western countries and f ie ld and 

laboratory studios having direct bearing to the problem 

covered several aspects of t h i s important adcronutrient element. 

Numerous workers have done Intensive work on the various 

aspects of boron in s o i l s and irr igat ion waters in abroad* 

The trace-element deficiency in Indian s o i l s has been reported 
y 

t o be quite extensive* Unlike major nutrients* trace element 
study did not receive adequate attention in the country In the 

past and the information collected is,therefore, fragmentary. 

On the basis of the available information, an attempt has 

been made to assess the status of this minor element, both in 

respect of so i l and water analysis and In respect of crop 

response to the application of micro*nutrients* 

Xs Geochemistry of boron in soi ls: 

The total amount of boron present in the so i l give* an 

indication of the TBB^TVM of the soi l which could be changed 

by chemical or bacterial action into available form* Presence 

of boron bearing minerals l ike tourmaline in s o i l s , the appli­

cation of manures (Conner and Fergus, 1080) and irrigation with 

high boron waters (Eaton,3985; Sastry and ViSwanath,1946; 

Mathur «t jaJL. 1964) leads to the accumulation of boron in soils* 
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High amounts of boron are usually found in s o i l s of arid 

and serai-arid regions which are invariably sa l ine and sodic 

i n nature (Satyanaray ana 1958; Kanwar 2991; Mathur jet a l . 1964; 

Moghe and Mathur, 1965) , whereas acid s o i l s of humid regions 

are usually deficient in i t . (Askew et a 1.1937). 

Boron normally occurs in primary rocks in the form of 

borates and tends to be higher in aeid and basle rooks than 

i n Igneous rocks. The more acid Igneous rocks have s l ight ly 

higher concentration of boron which i s often due t o the pre­

sence of highly res istant mineral tourmaline. Certain 

bauxite and kaolin sediments, along with carbonates are usually 

low in boron, whereas marine shales and glauconltle sandstones 

are commonly high in boron (Hodgson,1968). Therefore, the 

contents of boron in different s o i l s depend upon the nature 

of parent material from which I t i s derived as well as the 

character i s t ic of s o i l type. The geo-chemistry of boron i s 

probably more affected by the process of sedimentation than 

any other element considered. Boron which remains re lat ive ly 

constant in igneous rocks in the range of 5*10 ppm varies 

from l e s s than 3 ppm to oyer 900 ppm In sediments. 

Boron has been reported to be present in varying amounts 

In almost a l l s o i l types of the world. The status of water 

soluble boron has been reported to be - Georgian s o i l s 0.01-

0 .60 ppm; I l l i o n s s o i l s 0 .2 -0 .22 ppm, (De Turk and Olson, 

1§41) and New-Zealand s o i l s 0.15-2.20 ppa (Askew et a l . 1937). 
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The amount of boron In the surface so i l s i s observed to be 

more than the sub*surface layers in various so i l s (Ferguson 

and Wright, 1940; Pi lad et ajL. 1944; Coleman 1945) but sub­

surface so i l s of Coach«1 la Valley of California were found to 

contain more boron than the surface so i l s (Haas, 1944)• Total 

boron content In more than 890 soi l samples collected from 

di fferent parts of U.S.A. ranged from 10 to 183 ppm. la surface 

so41 and from 0.2 to 51.0 ppm in sub-surface so i l (Whetstone 

and Robinson, 1942). 

The factors l ike so i l s containing minerals bearing high 

boron, application of manures and fert i l izers having more boron 

in them and irrigation with high boron waters are known to 

affect the boron status of so i l s (Conner, Fergus,19SO; Kston 

1938, Sastry and Viswanath 1946 and Mathur et al . 1964)* 

According to Sastry and Viswanath (1946) and Mathur et al. 

(1964), o i l cakes, Chilean nitrate, superphosphate, ammonium 

sulphate and sulphate of potash have been observed to be rich 

sources of boron and their continuous use would build up the 

boron content of so i l s . I f the irrigation water i t s e l f Is 

high in boron and i f i t i s given to the so i l , the accumula­

tion of boron in the soil wi l l occur* Quality of irrigation 

water i s one of the causes in the accumulation of boron in soi l 

prof i les (Eaton and Singh 1986,1959). Even the long continuous 

use of irrigation waters containing boron within safe limit 

may result in the accumulation of boron in so i l s to a greater 

extant (Kanwar and Singh, 1961). 
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I I : Factors affecting Boron status In soils? 

There are continuous los ses of boron from the s o i l s 

which make them deficient In I t and tend to upset the addi­

t i o n s of boron to the s o i l . Leaching and removal by the 

p lant s are the main losses of boron from the s o i l which affect 

the boron status of the s o i l . 

<&> Caching losses?» 

One of the f i e ld Investigation on boron movement was 

conducted In New-Zealand by Askew and Thomson (1937) and 

Askew et a l . (1938), who found that boron applied to an apple 

orchard 2 years previously, had moved to a depth of 30* Inches 

In t h i s period. woodbrldge (1940), indicated that greatest 

movement was found In the l ighter s o i l s 2 years after appli­

cat ion and the least movement In the heavier so i l s* 

Krugel et a l . ( 193?,19m) studied the effect of leaching 

the s o i l on the recovery of applied boron. they noted that 

approximately 78 percent of the applied boron was recovered 

i n the leach ate . The highest recovery of 94 percent was 

obtained In clay loams and the lowest 63 percent In heavy loam 

s o i l s * 

White Stevens (1941), has found that boron I s readily 

leached out of acid Long Island s o i l s by a espy rainfal l and 

recommended heavier borax applications In wet years than In 

dry ones* 
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Reeve j | a l , (1944) applied water equivalent to one 

fourth of the average annual ra infa l l of New Jersey s o i l s 

t o which borax had been applied at the rate of 83 lb/acre. 

They found that about 85 percent of the boron leached from 

a sandy s o i l and 75 percent of the applied boron leached 

from loam and s i l t loam soi ls* 

In study of Wisconsin s o i l s , Kubota et al* (1948), found 

that the r a t s of boron movement was related primarily t o the 

tex ture . Where the s o i l was uniformly l ight textured through­

out the prof i l e , much of the applied boron moved to a depth 

of 24 inches or deeper in 6 months* In the heavier s o i l s , 

l i t t l e percentage of the boron moved below the IS inches layer* 

In the laboratory experiments, i t was found that the bulk of 

applied boron moved downward in mass rather than in portions* 

The movement of boron was found to lag behind the movement of 

the water, and was a lso found to be independent of the movement 

of sodium in the borax* 

Katafymov (1951), observed 64 to 76 percent loss of boron 

from a podzol s o i l after a few days leaching with water. There 

was a 80-58 percent loss from a few Chernozem s o i l . Winaor 

(1952) , found that boron added in herbicidal amounts i s los t 

from the surface 8 inches of a sandy loam within 6 months* 

Seharrer and Hofner (1958). indicated that the presence 

o f high pH and high clay content may seriously reduce the 

movement of boron in s o i l prof i l e s . 
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Si aha (1969), studied the deficiencies of micronutrients 

in Bihar so i l s . From the resu l t s obtained, he reported that 

when boron i s added to the so i l through water, some quantity of 

i t i s removed by crops, some by drainage and the rest accumu­

l a t e s in the soil* the quantity accumulated was observed 

t o be of the order of 6.04 kg/ha and the percentage accunula-

t i o n found was 0.28 percent. 

(b) Crop removal: 

Because boron i s found in such small quanti t ies in p lan ts , 

t h i s i s not often considered t o be a serious loss . Reeve 

et a l . (1944) , however, have shown that In New Jersey, a l fa-

a l f a contained boron equivalent to nearly S lb of borax per 

ton when grown on so i l s that were adequately supplied with 

t h e element. In most humid region soils,however, the boron 

removal from so i l s by alfa-alfa i s much less than this* 

( c) Calcium.Boron ratio; 

Since Brenchly and Warlngton (1927), f i r s t indicated 

t h a t there was an association between boron and calcium 

absorption by p lan ts , numerous workers have studied boron 

calcium r a t i o s in plants and the inter-relat ionships of 

various other element with boron. 

Shive (1941), working with Corn, found that the meta* 

bol ical ly effective calcium which i s maintained in the soluble 

s t a t e In the act ive plant t i s sues i s di rect ly correlated with 

t h e supply of available boron in the t i s sues . 
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Later Reeve and Shive (1944), found that a* the 

calcium content of the nutrient solution was increased, 

more boron was required to prevent boron deficiency in 

t h e plant and that more boron could be added to the solution 

without the development of symptoms of boron toxici ty . 

Jones and Scarseth ( 1944), working with a number of 

Indian farm crops, in green house experiments on lime! and 

unllmed so i l s , found that plants would take up varying 

quan t i t i e s of calcium and boron depending upon the avai labi l i ty 

of these elements in the softs, they found low tolerance for 

boron with low calcium in the plant and a high requirement for 

boron with high calcium. 

Boron fixation in soils* 

The mechanism of fixation of boron i s an Important 

factor in boron nutri t ion of plants* I t i s Important because 

t h e plant obtains i t s boron from the soi l solution and the 

equilibrium between the boron in solution and the fixed boron 

pa r t ly determines the instantaneous supply of boron to the 

p lant (Bigger and Fireman,I960), 

Boron fixation i s a rapid reversible chemical process. 

The oxidation of organic matter resul ts In a significant 

r e lease of boron in available form and causes a s l ight 

decrease in boron fixation (Olson and Berger,1947)« 

Not a l l the so i l s have the same capacity to fix boron 

or to adsorb i t from the so i l solution. Boron probably forms 
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surface compounds with the soluble aluminium, s i l i ca and iron. 

Also probable i s an exchange adsorption of borate ions with 

hydroxyl ions of the soil surface, resulting in the fixation 

of boron to the aluminium, si 11 eon and Iron of the crystal 

latt ice* I t has been shown In the studies of the fixation 

of boron in the presence and absence of bentonlte that, boron 

nay be effectively precipitated in combination with several 

ions, particularly aluminium and silica* The presence of 

calcium ion, drying and high pH values a l l tended to increase 

the boron that was fixed* The formation of alumino-silicate 

prdduets or substitution of boron for aluminium in that forma­

t ion of complexes i s entirely possible. From the equilibrium, 

leaching and extracting experiments, much of the boron fixed 

by what i s be!6rved to be stable compound formation, appears 

not to be readily removed* It i s quite possible that this 

boron would not be available to plants unless plant root 

growth decomposes the mineral on which boron i s fixed (Bigger 

and Fireman,i960). 

the extent of boron fixation in so i l s i s closely related 

to clay content and soi l reaction. The cations of the bases 

have l i t t l e influences on boron fixation but the alkali 

produced by them results in fixation. With carrington s i l t 

loam, Ca(CH) i s more effective in inducing boron fixation 
2 

than NaOH; with Spencer s i l t loam, the bases are equally 

effective* Even at pH values of 9.5 or higher, not more than 

40 percent of the added boron or the native available boron 
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in the 8011 I s fixed. In acid so i l* , there 1* no correlation 

between boron f ixation and pH. Fixation of added boron due 

t o change In pH i s found to be proportional to the f ixation 

of native boron due to a similar change. After removal of 

organic matter and free iron and aluminium oxides, the clay 

separate f ixes the least amount of boron as calculated on the 

percentage weight basis of the separates (Olson and Berger, 

1947). 

Parks and Shaw ( 2£4l)^1&el£iveti that boron fixation 

might be due to small amounts of boron entering in complexes 

of calcium with s i l i c a or alumina or in calcium-alumlno s i l i c a t e 

products of synthesis as a substitution product for aluminium 

ions . This and the calcium with saturated bentonite at pH 

3.0 was Insoluble in boil ing d i s t i l l e d water. I t seema highly 

probable that f ixation of boron in th i s system might be due t o 

occlusion. Boron fixed under acidic conditions can again be 

released by ac id i f icat ion of s o i l (Olson and Berger, 1946). 

Harder (1961), observed in h i s experiment that equilibrium 

had not reached In 153 days after boron was added t o the mineral 

which I s due to the entry of boron in te tra hydral posit ion 

of the clay substituting alumina and s i l i c a . 

Hatcher, Bower and Clark (1967) reported that major s o i l 

const i tuents causing boron retention are Al(CB) and similar 

materials! lime induced boron deficiency resu l t s from the 

addit ional absorption by Al(QH) precipitat ing after lima. 
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The surface area over which the Al(CH) i s spread, i s an 
3 

Important factor in boron adsorption* 

Recent studies have indicated that boron adsorption 

by so i l s can be par t ia l ly described by the Langrauir's adsorp­

t i o n equation. Hatcher and Bower (1558), compared adsorption 

equation. 

Factors affecting the Boron fixation : 
in* •.!!!• I III m-mmm—mm—mmmmm inn • i ! • mmmmtmmmmmm 

*> Maiss-
The effect of lime on boron fixation in so i l s i s in many 

cases very marked. Bobko jet a l . ( 1936) and Naftel (1938), 

o r ig ina l ly interpreted th i s in terms of a stimulation of 

microbes in the so i l , but Mldgley and Dunk lee (1039) , found 

tha t microbial ac t iv i ty was not necessary t o account for the 

effect of lime on boron and they argued in favour of reaction 

with mineral surfaces. The adsorption of boron by hydrated 

f e r r i c oxide, Kaolin and other clays does increase with pH, 

although at least in one case i t goes through a minimum at pH 5 

(Barbier and Chabannes, 3958). Olson and Berger (1946), 

demonstrated that the Ca ions were not required to bring about 

f ixat ion. NaOH was Just aa effective as the lime. Calcium 

most 13ke2y does have a specific physiological effect In 

reducing the boron uptake by plants (Barks * If 44) • 

2) Alkalinity and change in pH: 

Boron i s fixed in alkaline so i l s , in the presence of 

free calcium, par t ia l ly by organic matter and par t ia l ly by the 
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s o l i mineral. Midgley and Dunk lee (1939,1940) and Dunk lee 

and Midgley (1943), found that veiy large amounts of boron 

were fixed by so i l when the pH was changed considerably by 

acid leaching and then lining to neutral i ty . 

Crying has been shown by Parks (1944) and others to 

cause increased fixation of boron in the laboratory, Olson 

(1947), found that drying of so i l after boron was added, 

increased the amount of boron fixed* The increase was greater 

in the ease of limed soi ls than with the unlimed soils* 

Drying a t 60 c increased fixation more than drying at ®9°C* 

t h e s e findings confirm those of Parks who found that drying 

a t 86°C almost doubled the amount of boron fixed when so i l 

was dried a t 26 Q. Walker et a l . (1944) observed that boron 

deficiencies were more severe In places In the fields where 

s o i l dried out excessively In dry years. Latimer (1941), 

showed tha t drought in June and July was the most i sport ant 

factor in the cause of internal cork in New Hampshire apple 

-5 orchards. 

Parks and Shaw (1941), in an experiment with pure 

chemical, precipitated boron in combination with s i l i c a and 

alumina* The presence of calcium ions, drying and high pH, 

a l l tended t o increase the boron content of precipitates* 

They believed that the boron fixation might be due to small 

amounts of boron entering in to complexes of calcium with 
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s i l i c a or aluminium or in calcium alumin®* s i l i c a t e products 

of synthesis as a substitution product for aluminium ions. 

This and the calcium with saturated bentonite at pH 8.0 

was insoluble in boi l ing water* I t seems highly probable that 

t h e f ixat ion of boron in t h i s system might be due t o occlusion. 

Although a number of factors are reported to favour 

boron fixation as stated above, but in India, only the effect 

of s o i l texture has been studied. Finer textured s o i l s f ix 

more boron than the coarse textured soi ls* Mandal jgt a l . 

(1956) and Jha (1964), found that boron f ixation capacity of 

s i x s o i l s from Bihar increased from 6.5 t o 11 .1 rag boron/kg 

s o i l as the s o i l texture varied from sandy loam t o clay loam* 

Singh and Kanwar (1963), reported that the adsorption 

capacity for boron of heavy s e l l s Is more as compared to the 

l i g h t textured s o i l s , and desorptlon I s of the opposite order, 

indicat ing that waters of equal boron content could be mora 

t o x i c t o plants in coarse textured than in the f ine textured 

s e l l s . 

Gandhi and Mehta (1953) studied the mobility of applied 

boron In goradu s o i l s of Gujarat both in the presence and 

absence of a l fa -a l fa under f i e ld conditions. the rate of 

application of boron varied from 10 to 44 .3s kg borax/acre, 

the leaching of boron was confined t o 48 inches. More boron 

leached down t o deeper layer In the absence of crop than in the 

presence of crop. 
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Singh (2964k) working with two soil* of Punjab reported 

tha t Langtauir adsorption equation was found to be valid over 

ranges of limited boron concentrations of the solutions but 

when a l l t he concentrations were taken into considerations, 

t h e relat ionship followed a quadratic curve which could 

f ina l ly be t reated as B.E.T. forrai ad sorption isotherm. 

XXXt Boron in so i l s : 

The t o t a l boron content of soi ls generally raMgeB from 

2 t o 100 ppm with an average value of about SO ppm. The high 

content of boron in d a y sediments of marine origin (3-300 ppm) 

i s due to the relat ively high boron content of sea water. 

Boron i s conserved during sedimentation and soi l formation due 

t h e fact tha t t he boron I s largely present in soi l parent 

mater ia ls as extremely res i s tan t minerals, such as -tourmaline* 

Any soluble boron in the so i l , such as that provided by the 

appl icat ion of the f e r t i l i ze r borates i s very readily leached 

except, of course, where drainage i s impeded or where ra in fa l l 

i s insufficient* 

The t o t a l amount of boron In soi ls depends largely on 

the so i l parent material (Anon, 1937), 

The to ta l boron content of 118 so i l s showed an average 

value of &J ppm. The t o t a l boron in so i l s ranged from 4 to 

98 ppm and fine textured humid so i l s analysed showed a range 

of 80 to 60 ppm and sandy soi l s as low as 2 to 6 ppm. (Jackson, 

1963). 
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According to Aire (I960) , the water soluble boron in 

Vidarbha s o i l s varies between 0 .3 to 3.0 ppm. in the surface 

s o i l samples* 

Willis i n subsequent studies the water soluble boron 

was observed to be low in some typical s o i l pro f i l e s of 

Nagpur (Raut,1962). 

The range of water soluble horon in mineral s o i l s of the 

humid regions la generally from 0 .2 to 1.5 ppm and ranges 

upto 2 or more ppm in muck s o i l s and down to 0 .2 in fair ly 

f e r t i l e sandy s o i l . 

According to El chard j t a l . ( 1954) , a concentration of 

water soluble boron in saturation extract of the s o i l below 

0 .7 ppm i s safe for sens i t ive plants, 0.7 t o 1,5 ppm i s 

•t&ag&neJ. and more than 1.8 ppm i s unsafe. 

According to Swaine (1955), the t o t a l boron content of 

Most of the s o i l s in the world i s in the range of B4D0 ppra. 

Vinogradov {3®38), gave S ppm as the average value for boron 

content of different s o i l s . Robinson (1951), gave the range 

as 8 t o 90 ppm* 

t o t a l boron in Indian s o i l s has been found to vary from 

7-630 ppm.(Ramamoorthi,1946, mndal 3956, Sonl et a l . 1061. 

Mathur j | a l . 1904). The range of available boron in Indian 

s o i l s I s from traces t o 12.2 ppm (Kanwar and Randhawa, 1967). 



Tabic 1 
T o t a l and a v a i l a b l e borcn contents i n Indian s o i l s (ppaQ 

S.Mo. Name of 
S t a t e . 

P lace Parent material S o i l type 

3 5 

Forms of Boron In s o i l 
Total loroa Available 

(ppm) BoronCppn) 
6 7 

Authors 

8 

1) Maharashtra . , 

2) Bengal 

3) Bihar 

4 ) Bihar 

5) Bihar 

6) Bihar 

7) Bihar 

3) Bihar 

9) Bowbay 

10) De lh i 

Deccan trap 

Alluvium 

Old alluvium 
Siwalik rooks. 

North Recent alluvium 
Bihar 

South Old alluvium 
Bihar 

Qiota . . 
K&agpur 

Pttsa Old alluvium 

Alluvium 

1.2 - 2 6 , 6 0 [ 0 .10 - 0 . 6 0 ) Bendale «t a l . ( 295D 
1 0 , 8 -8*0 ) Atre< 2960f , l^ i t ( 1962) 

15 - 30.00 0 .40 - 2 . 0 0 GHani and Haque(1945), 
Chary ee (1956) 

18 -100 .00 Mandal j t . a l ( 1956) , 
Soul j t a|TCl962) . 

0 . 3 0 - 2 . 3 3 Mandal e t a l . (3956) 

7 .89-57 .80 0 . 4 0 - 0 . 9 0 Sinha and SirahaC 2966) 

15.00-40.00 0 . 4 6 - 1 . 4 0 -*v 

Sedentary 7 . 5 - 8 8 . 9 0 0.SB - 0 . 9 0 - * • 
s o i l . 0 . 2 0 - 1 . 6 0 Jha (1968) 

Black 
cot ton s o i l . 

8 .75-32.50 

24 .5 -29 .6 

4 . 6 
0 .6 - & 

Farooque( 2964-69) 

SatvanarayanaC 1958 b) 

Pal iwal and 
Anjancgrulu < 2967) 
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11) Gujarat • • Deccan-trap 
and mixed. 

norsial * 
we o i l s 

I f ) Gujarat Baroda 
and sau 
rashtra 
dis ta . 

* • Saline 
so i l s* 

18) Gujarat Kaira 
and Baroda 
d i s t r i c t s . 

— — a 

14) lladhya 
Pradesh* 

m * . . — 

15) Erstwhi l e 
Punjab. 

**** tipper and lower 
tert iary of sedi 
mentary. r iver 
deposits* 

,— 

16) - » mmmm « • « * Normal 
soil . 

1?) •»•*» •md* — Saline 
alkali s o i l . 

8 

16 .300 

18) — 

If) - -

20) — 

21) - -

Cotton 14 -46 
growing areas* 

34 -43 

P r o f i l e s 

0 .20 *»1,80 Gandhi and Jfehta 
(1958 a.b) 

S.00 -3*50 . « . 

0 ,60 . 1 . 7 0 Mehta (1968) 

0*08 - 0 . 2 0 Rai (1968) 

S a s t r y and 
ViBwanath (1946) 

0 . 1 0 - 6 . 0 Hoon j t a l . ( l f 4 l ) 
Dhawan and* Aiand 
( 1 9 5 0 ) . 

3*00-4.2,80 Kanwar and Singh, 
( 1 9 6 1 ) . 

0 . IS - 0*71 Bhiaibla and Mair 
(1965) . , 

0 * 7 5 - S.70 Singh (2969) 

0 .12 - 1.56 - « -

0.56 - 8.30 Gr«wel «t aH1969) 
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1 2 
MP WM • » « • * * « » *» 

22) . . 

3 

Bbatinda — 

6 

46* 3M 31. 3 

23) Rajasthan . . 

24) Pajaathan Mewar 

Desert 
(Sand) 

25) Raj aathan Mewar 

26) U t t a r 
Pradesh 

• • 

27) -*» • * 

28) - * . • • 

29) - « - • * 

30) Ut tar 
Pradesh 

• • 

S i ) Uttar 
Pradesh 

• • 

82) U t t a r Pradesh,. 
Vara-
nas i 

S3) - * - * * 

Irrigated 
s o i l . 

Graneti- Alluvial 
ferrous b l o t i t e , 
Scii 1s t , alluvium 
and Gneisis 

49 -630 

Hormal s o i l . 9.4 

Alkali s o i l . 12.4 

Tr. - 6.50 

Tr. -12.23 

0.08 -0 .42 

2.10 -4.46 

Shabher 122-586 . . 

Bundel-
khand 
Vindhyan 

201-630 

58-467 

« * 

Normal 
s o i l . 

0.10 -35.5 

S a l i n e 
a l k a l i s o i l 

. . . 
s. 

0.82 - I.fl 

8 

R.Siag» ant 
Randhawa (1969) 

Satyanarayana, 
(1958). 

Badger & Saxena 
(1967) . Mathur 
j | . a l ( 3957). 

fc/athanl _§t a l . 
(1968). 

AgarwaK 1963* 1964) 

AgarwalC 1963,1964) . 

AgarwaK 1963,1964) • 

• V 

AgarwaK 396 3 t 1964) . 

Agarwal et a l . 
(1964). """ 

0.37 Abs.Av. Singh and Singh 
0.69 Irarae.Av# .(1968) 
0.58 Abs.Av. -"-
0 .12 Iarae.Av. - « -
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Depending upon the parent material from which the 

s o i l s are derived, the total and available boron contents 

from different States of India reported by various workers 

are given In Table 1. 

IV i Forms of Boron In soils: 

Boron present in so i l s can be classified into three 

categories viz? 

1) Total boron, 

11) Add soluble boron 

111) Water soluble heron 

According to Berger and Truog (1945), the fraction of 

boron soluble In hot water was found to be a most useful source 

for the plants. 

The total boron can be determined by fusion method while 

a d d soluble by acid extraction. But the figures derived by 

fusion method are higher than those derived from acid extraction, 

By hot water treatment, the water soluble boron can be deter* 

mined. 

Vmry few authors have used HC1 digestion for total boron. 

Askew j t a l . (1937), working on New-Zealand so i l s gave figures 

for HC1 soluble boron varying from 0.05 to 0.6 ppm; Tanda and 

Dean (1942) indicated 4-66 ppra of total boron in Havallan 3oi ls , 

while Whetstone jgt al.(1942), reported total boron as 4*38 ppm 

and acid soluble boron as 0.4 to 64.8 ppm In American soils* 
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Most of the reported figures are for fusion method* According 

t o Sastry and Vlswanath (1944), the to ta l boron(by fusion method) 

of Indian s o i l s varied from 16*63 ppm. 

A great number of factors are known t o affect the boron 

aval l a b i l i t y and the to ta l boron content of the so i l s* The 

trace element contents of a s o i l are dependent almost entirely 

on the process of geo*chemical as well as pedoehemlcal weathering 

£ Mukerjee (3S57)_/. Further, as pointed out by Goldschmidt 

(1945) , the microelement contents of different minerals di f fer 

and even in the same mineral, the amount of any particular 

element present would depend upon i t s fractional crysta l l izat ion 

from the magma* 

The ava i lab i l i ty of s o i l boron to crops depend upon 

many factors. I t i s believed that s o i l boron in two forms can 

be u t i l i z e d by plants* These forms are the available inorganic 

s o i l boron and the available organic s o i l boron* The available 

organic s o i l boron on decay through micro-organisms can be 

converted into inorganic form* I t i s thought by some workers 

that organic s o i l boron can also be directly absorbed by l i v ing 

plants* Both the inorganic and organic forms of available boron 

are in equilibrium with the t o t a l boron present in the s o i l 

(Agarwal,1965). 

Factors such as s o i l reaction, organic matter, texture, 

moisture content, calcium carbonate, quality of irrigation water, 
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s a l t concentrations, f e r t i l i z e r amendments, climate and other 

f a c t o r s , relationship with t o t a l boron and calcium boron rat io 

are known to affect the avai labi l i ty of s o i l boron to plants* 

Only the relevant factors are discussed in greater de ta i l s here. 

VI Factors affect ing the avai labi l i ty of boron In so i l s : 

S o i l reaction (pH)i-
i l « I I I I I I l l ilT i • 

Kanwar and Singh (1961), reported that water soluble 

boron increased with Increase in the s o i l pH, The correlation 

co»ef f ic ient of the pH of the saturation paste and the water 

so luble boron contents of sal ine-alkal i s o i l s were r * 0*853 

and r » 0*860 respectively, 

S i n # and Kanwar (1963), again reported a s ignif icant 

correlat ion between SAE value of s o i l and i t s water soluble 

boron, the former was signif icant at 1 percent leve l and the 

l a t t e r at 5 percent. Mathur jgt a l . (1964) a lso obtained a 

s ign i f i cant cor relationship between available boron and pH 

of the irrigated so i l s* The range of pH was 7.8 to 8*2. In 

unirrigated s o i l s , whose pH ranged between 7.4 to 9 . 2 , no such 

re lat ionship was observed. 

The ava i lab i l i ty of boron In Vldarbha s o i l s remained 

part icular ly uniform upto pH 7,2 and 8.0 and decreased with 

higher than 8,0 Atre(1960). 

Bhattacharjee (1956), reported that ava i lab i l i ty of 

boron was comparatively more between pH 6.0 to 8.0 and iX* 
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decreased below and above t h i s range. However, the s t a t i s t i c a l 

ana lys i s of the data showed a negative Insignificant correla­

t i o n between s o i l reaction and water soluble boron* 

Paliwal and Anjineyulu (1967) working In Delhi s o i l s and 

Singh (1969) and Grew e l et a l . (1969) in Punjab s o i l s found a 

s ign i f i cant relationship between different forms of available 

boron and s o i l pH* 

Mathur et a l . ( 1964) and Baser and Saxena (1967) a l so 

found an increased available boron content in Raj as than s o i l s 

with increase in the s o i l pH. 

Ghani and Haque ( 1945) and Gandhi and Mehta (1958 a,b) 

reported that pH had apparently no relationship with water 

s o l u b l e boron content of the Bengal and Gujarath s o i l s respecti­

v e l y . This perhaps Is due t o the fact that other factors such 

as calcium carbonate, organic matter, s o i l texture* nature of 

i r r i g a t i o n water etc. were not constant. 

Agarwal ^et al* (1964) reported that In the range of 1 to 

8 E . 3 . P . , the Increase in E.S.P. I s associated with an increase 

i n water soluble boron and In s o i l s of higher E.S.P. , an 

ava i lab le boron was s t a t i s t i c a l l y non-significant. 

Organic matter t 

Berger and Truog (3545), reported that avai labi l i ty of 

boron in a d d s o i l s i s correlated and i t increased with their 

organic matter content* They also found that In alkaline so i l s* 
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avai lable Ca and s o i l reaction seem to have more effect on 

a v a i l a b i l i t y than does the organic matter. 

In arid s o i l s of Bajasthan (Western) Satyanarayana (1958,b) 

got a s ignif icant pos i t ive correlation between available boron 

and organic matter content of these soi ls* However, the relation­

ship in aerai-arid s o i l s of Central Raj as than was s t a t i s t i c a l l y 

found to be non-significant. 

Ghani and Haque (1946) , Gandhi and Hehta ( 1958 a,b) and 

Grewel et al.(1969) found no relationship between available boron 

and organic matter content in Bengal, Gujarat and Punjab s o i l s 

respect ive ly . 

Baser and Saxena (196?) noticed an increase in boron with 

increase in organic matter content. Singh and Singh (1967), 

found a s ignif icant negative correlation between available boron 

and organic matter content in so i l s* 

Ghani and Haque (1945) although they did not observe any 

correlat ion between available boron and organic matter content of 

the Chlttagong, Midnapur and Sundarban s o i l s , they did observe a 

higher value of available boron on irr igat ion in these s o i l s 

and attributed t h i s increase to the boron percentage in organic 

combinations* 

Gandhi and Hehta (1953 a and b) also reported a s t a t i s ­

t i c a l l y non-significant relationship for Gujarath s o i l s . 
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Texture t 

Usually In the humid regions the l ighter textured so i l 

contain leas available boron in the plow layer than do sl ight 

ac id , s i l t and clay loams. Lehr (1940) has shown that clays, 

pa r t i cu la r ly those of marine origin, are high in boron and in 

sands they are low. 

Kubota j t a l . (1948) also showed that sandy soi l contain 

l e s s available boron than do the so i l s with heavier textures . 

Singh and Kanwar (1963) , reported significant posi t ive 

re la t ionship between saturation percentage and water soluble 

boron. Since saturation percentage depends on the texture and 

Increases with the clay content, therefore, such a relationship 

between boron and so i l texture i s expected. 

However, Mathur et a l . (1964), reported a significant 

negative relationship between finer fraction and available 

boron content of the i rr igated and unlrri gated Raj as than so i l s . 

Gandhi and Mehta (1958), reported that no relationship 

existed between finer fraction and available boron content of 

the Gujarath so i l s . 

Paliwal and Anjaneyulu (1967) and Singh (1969) observed 

tha t available boron and finer fraction of so i l s were signi­

f icant ly and posit ively correlated. Baser and Saxena ( 1967} , 

a l so noted an increase in available boron in Mewar soi ls with 

Increase in the content of finer fraction in so i l s . 
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Calciuat carbonate : 

I t has been reported by workers from outside India 

that s o i l s containing signif icant amount of lime are usually 

low i n avai lable boron, None of the workers i n India (Bhatta-

charjee 1956, Gandhi and Mehta 1958, Mathur et a l . 1964) got 

s t a t i s t i c a l l y s ignif icant relationship between CaOO- and water 

so luble boron content of the s o i l . 

BhattacharJ ee (1956), Gandhi and Mehta (1958 a,b) , 

Mathur .et a l . (1964) and Grewal j t al (1969) working with 

Bengal, Gujarat, Raj as than and Punjab s o i l s respectively did 

not find s t a t i s t i c a l l y s ignif icant relationship between CaCO 
S 

and water soluble boron content of soi ls* 

Under Indian conditions. Ghani and Haque (1945) working 

with s o i l s of East Bengal, Bhattacharj ee (2956) working with 

Murshidabad s o i l s , West Bengal, and Gandhi and Mehta (1953) 

working with Gujarat and Saurashtra S o i l s , found that s o i l pH 

and organic matter have no relationship with water soluble boron. 

Similarly no correlation ex i s t s between the caleareousness of 

s o i l s and the amounts of water soluble boron in them. 

According to Atre (1960), organic matter, t o t a l nitrogen 

and C/N rat io have no effect on the boron content of the 

Vldarbha s o i l s . 

In general, the amount of work done so far in India has not 

shown any pos i t ive correlation of the water soluble boron with 
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factor a that are known to influence boron avai labi l i ty in 

temperate countries (Agarwala, 1965). 

VI J Fact or a affect ing the to ta l boron in s o i l s : 

Type and age of parent material, texture, calcium carbonate, 

cu l t ivat ion , type of Irrigation water are known t o influence the 

t o t a l boron content in s o i l s . 

1) Type and age of parent material*-

Total boron content of s o i l s varies according t o regional 

surface geology and parent material, Bamamoorthy and Viahwanath 

(194ft) after grouping the s o i l s on the basis of regional 

geology into 5 groups* found the following rangw of to ta l boron 

for each group. 

Range : Mean 
PP« r>xm 

a) Ancient crysta l l ine 8,9*94*0 21.8 

b) Delhisystem 22.5-35.5 29.8 

c) Cuddapah system 27,5-50.0 39.2 

d) Trap 27.5-57.5 SB.8 

e) Alluvium or recent 
deposits 7.0-80.0 42.8 

They a lso analysed some Indian rocks for boron content 

and reported that granite, shales and limestones, an g i t e* basalt 

and alluvium contained on an average 19,3 , 39,2 , 42.5 and 

4 2 , 8 ppm boron, respectively* 

Dakshinamurthy _et a l . ( 1955} for Delhi s o i l s and Slnha 

and $lngh (1966), for North and South Bihar s o i l s found that , 
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boron content was related to tourmaline content of so i l s . 

2) Texture? 

According to soni ,et al.(1961) boron content of the 

sugarcane so i l s of Bihar bears no relationship with the clay 

content but i s associated with the coarser fraction. They 

actually determined boron content of the sand fraction which 

agreed very well with the values calculated for the coarser 

fraction. They bel*ive that boron in the soi l i s entirely 

contained in the coarser fraction. 

The resul t s obtained by Mathur _et _al.( 3964) for Raj as than 

s o i l s are a t variance with those from Bihar* They observed a 

pos i t ive and s t a t i s t i ca l ly significant relationship between finer 

fraction (clay and s i l t ) and t o t a l boron. 

8) Calcium carbonate: 

The calcareous so i l s have been known to fix larger amounts 

of boron and since these soi ls are formed under conditions where 

leaching losses by ra in fa l l are not heavy, they are suppose! to 

contain more boron. 

Mathur jgt a l . ( 1964) got a posit ive and s t a t i s t i c a l l y 

s ignif icant relationship ( r * 0.49) between the calcium carbonate 

and t o t a l boron content of unirrigated so i l s . 

Son! j t al .( l961) showed that calcareous profi les from 

Bihar have considerably lower boron status than the non-calcareous 

prof i les from the same Sta te . 
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VII J Depth wise distribution at to ta l boron: 

Reports on nature of boron distribution In s o i l prof i l e s 

are at variance* 

Sonl jjt £1.(1961) observed that there was an indication 

of upward accumulation of boron in s o i l prof i les of sugar belt 

of Bihar. However, they further noted that such di f ferent iat ion 

was not apparent In heavy clay s o i l profi les* According to 

A gar wa la (1963,1964), boron in Biabhar and Bundelkh&nd s o i l s 

generally increased with the depth, whereas in highly leached 

Vlndhyan so i l s* i t decreased with the depth* 

Singh and Singh (2967) working with Uttar Pradesh s o i l s 

found that content of to ta l boron decreased inversely wit& the 

depth. Singh and Singh (1969) and Singh and Tomer (1939) 

reported an increase in HC1 soluble boron content with the 

depth of s o i l prof i les of erstwhile State of Punjab and cotton 

growing areas of Punjab and H&riyana. However, Singh and 

Handhawa (1989) did not find any def in i te distribution pattern 

in s o i l pro f i l e s from citrus orchards of Punjab. 

ttathur et al .(1964) working with I&jasthan s o i l s observed 

that i n the Irrigated s o i l s , sub-surface accumulation prevai ls 

whereas in the unirrigated s o i l s surface accumulation of boron 

was noticed. They a lso noted that irrigated s o i l s had more 

t o t a l boron than the unirri gated s o i l s . 
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Depth-wise distribution of available bqronf-

I t has been observed that available boron increases with 

the depth In well drained s o i l s , whereas in s o i l s where drainage 

i s a problem, i t decreases with the depth. 

Ehawan and Dhand (1950) and s&tyanarayan (1988) observed 

that the available boron content in the Punjab and Raj as than 

s o i l s Increased with the depth. Mathur et al.(1964) reported 

that avai lable boron from Rajaathan s o i l s decreased with the 

depth i n unlrrlgated s o i l s but after prolonged irr igat ion with 

wel l water, high In boron, water soluble boron increased with 

the depth* Singh and Singh (1967) a lso found that water soluble 

boron decreased inversely with the depth* 

However, Singh (1969) and Grewel j ts l . (1969) observed a 

decrease i n boron content with depth in erstwhile Punjab s o i l 

p r o f i l e s . Gandhi and Mehta (1953 a,b) and Kanwar and Singh 

(1961) had noted a similar trend for boron distribution in 

sa l ine*alkal ine s o i l s from Gujarat and Punjab respectively. 

In Vidarbha s o i l s , there was an Increase In boron content with 

the Increase in depth, Atre (I960). 

VIII: Boron In Irrigation water.: 

The real problem i s the decline in the productivity of 

several lacs of acres of land In the Maharashtra s t a t e , the 

y i e l d from which has been reduced considerably because of the 

salt influence. In these days, the irrigation fac i l i t i e s 

are increasing in the State due to construction of head canals 
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and Implementation of cooperative l i f t irr igat ion schemes 

and thus we are having more f a c i l i t i e s for irr igat ion. But 

we should make use of these f a c i l i t i e s i n a proper way. The 

lands from which the y i e lds are reduced generally are present 

In arid irrigated areas and seem t o have developed due t o 

faulty i rr igat ion practices and use of poor quality irr igat ion v<; 

water under s o i l and climatic conditions condusive to sa l t 

accumulation. I t i s expected that the sa l t danger w i l l further 

increase with the growing of high y ie ld ing var ie t i e s requiring 

more Irrigat ion and due t o the trend In irrigat ion agriculture 

in the direction of u t i l i s i n g a l l the available water* 

The maintenance of successful agriculture in the areas 

presently under irrigation needs a more eff ic ient management 

of land and water* In the case of land, t h i s involves a 

thorough knowledge of the s o i l , while e f f ic ient use of water 

requires a knowledge of the quality of water and the behaviour 

of s o i l s and plants on i t s application. 

The cr i ter ia used for deciding the quality of Irrigation 

waters has been discussed at length by Agarwal and Quota 

(1968) . The quality of river water or canal waters in 

India has been found t o be of very high order £ Asghar and 

^hawan 1947, Taylor _et aJ. 19 35, Agarwal and Mehrotra 1952, 

Venkataramian 1941, Mann and Tamhane 1910, Govind Iyer,19577. 

Well waters represent two sources of under ground water 

namely - tube wel ls from deep strata or shallow wells* These 
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waters are usually of varying cexposition which usually 

depends upon the nature of strata tapped. 

the aajor cr i ter ia used for deciding the quality of 

i r r i g a t i o n water are : 

1) Sa l in i ty expressed as (E.C.) or to ta l 

concentration in ppm. 

2) 3.A.R. 

8) HCo-
4) Boron 

5) ( CI ) 

6) ( l i , Se etc*) 

?) R.S.C. 

8} S»**.P» 

9) S a l t index 

10) Qypsura equivalent. 

Besides the above cr i ter ia , the concentration and nature 

of s a l t s present In Irrigation water, determine I t s quality. 

The nature of sa l t in irrigation water, sometimes may be aore 

important than the to ta l amount of s a l t s , e.g. i f the proper* 

t i o n of sodium in irr igat ion water i s high, the s o i l may 

become gradually unproductive. Even water of doubtful quality 

can be used without serious damage to s o i l s and crops, i f 

the necessary precautions are taken in irr igat ion and so i l 

management (Thome and Thorne,195l). The maximum permissible 

s a l t content of water depends a l so on the nature of the s o i l 

and sub-soi l . Sal ine waters are better suited to be used 
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on s o i l s which are permeable and where the water table remains 

1.8 - 3 m below the surface (Christiansen and Iyer ly,1952). 

I t has been suggested by Fox and Albrecht (1955) that the 

boron problem in sa l ine alkal ine s o i l s i s of specia l importance 

when sodium i s a dominant cation and enough calcium nay not be 

present to check the boron tox ic i ty . When boron i s present at 

harmful l eve l along with the soluble s a l t s , the amount of water 

required to leach i t down shal l be very large* 

Amongst the Indian workers, ^sghar and Dmawan (1947), 

Agarwal jet al .(1986) and Darra jgt al . (1964) have reported about 

the quality of irr igat ion and drainage waters. 

Magi at ad and Chrlstensen (1946), have suggested the l imits 

of sodium and boron standards for irr igat ion waters. 

Table 8 

Sodium and boron standards for irr igat ion water... 

Conductance s a l t content Sodium Boron 
Class K x 105 at 25°c. Total Peracre'fooi content content 

ppm tons* % ppm. 

I . . 100 700 1 60 0.8 

I I . .100-300 700-0300 1-3 60-75 0 . 5 - 2 . 0 

I I I . . 800 2000 3 75 2 

Magistad and Chrlstensen found 0.14 ppm of boron In the water 

of the lower Colorado river at Turns, Arinaon and 0.71 ppm in 

water of well in the Coachella va l l ey , California. They 
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They divided the Irrigation waters of the South Western 

U.S.A. into three classes on the basis of their sodium and 

boron contents as shown in Table 2. Those of Class( I) category 

are suitable for most plants under moist conditions; waters 

of Class (II) category w i l l harm the more sens i t ive crops} 

whi le waters which f a l l in Class I I I category on any basis 

w i l l prove unsuitable for irr igat ion under most conditions* 

Durand (1956), c lass i f ied 40 waters of Algeria in rela­

t i o n t o their s a l i n i t y , boron tox ic i ty and a lkal in i ty . Waters 

of conductivity l e s s than 250 microahos/cm (Ci> were most 

suitable* Waters of 250-750 (Cg) were suitable for most plants* 

With waters of 790*2250 (Cg) good drainage was required. 

Alkalinity was measured by the 3. A.R. Waters with rat io 0*10 

(S-.) were most suitable , while those with 10-18 (Sg) were 

dangerous for f ine textured and high exchangeable capacity 

so i l s* Waters with 18-26 ( s J rat io proved to be dangerous 

on most s o i l s and needed good drainage and addition of organic-

matter. Addition of gypsum was sometimes beneficial* Above 

26 (S 4 ) most waters were unsuitable* 

The well waters often contain more concentration of boron 

in them which i s harmful to the plants i f used for irrigation* 

In some areas of low ra in fa l l , the boron content of wel l waters 

i s so high that these cannot be used for irr igat ion purposes* 

Application of irr igat ion waters containing boron over long 

periods of time gradually builds up the boron content to a 

consi der abl e art ent . 
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Singh and Kanwar (1963) analysed well waters from Punjab 

Witkannual ra in fa l l between aQ* and 40" and found them t o 

contain 0 .2 to 0 ,5 ppm boron. 

Singh and Kanwar (1963) analysed the well waters from 

Patt l (^mritsar) and found them t o contain boron within safe 

l imit i . e . 0,33 ppa even for sens i t ive crops, but the boron 

concentration of the saturation extract of the s o i l irrigated 

with these waters varied from 1.42 to 2.90 ppm which was consi­

dered unsafe for sens i t ive crops* 

Mathur j&t a l . ( 1964) analysed well waters from Rajaathan 

(annual rainfal l of 10") and found them to contain 2.8 to 4 ,1 

ppm of boron. The data of Mathur jgt a l . reveals that water 

containing more than S ppm boron can build up very high concen­

tra t ion of boron in s o i l s which could be harmful to most crops. 

Magistad and Christiansen (1944), analysed waters of 

South-Western U.S.A. and were of the opinion that water haying 

more than 2 ppa boron may be considered as unsuitable for Irriga­

t i o n purposes. 

The data of Kanwar and Singh (1961), farther reveals that 

i r r iga t ion waters where boron i s well within the safe l imit , 

should be used with caution since their use over long periods of 

time can increase the boron content to the l imit which could 

be harmful for most crops, 

Harigopal and Rao (1969) , analysed the wel l waters from 
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from & l o c a l i t y of Tlrupati and arrived at the conclusion 

that the highest value of boron was 0,15 ppm obtained from 

well water from Virlapattldi The wel l water boron 

ranged from 0.06 t o 0 .1 ppm in Turaraalagunta area, I t was 

between 0.02 to 0*15 ppm in Vurlapattidi area and the range 

of boron in well water opposite t o S.V. University was 0.08 

t o 0,09 ppm. Only one sample of irr igat ion water contained 

2.1 ppm boron, 

Agarwal, Mehrotra and Gangwar (1956), evaluated the 

qual i ty of irr igat ion waters from U.P. The irr igat ion waters 

from canala have been found to be of safe quality and consti­

t u t e the best source of irr igat ion water supply of the State* 

The quality of well waters has been found to vary with the 

nature of the s o i l formation and I t s ground water level* 

Immature and zonal s o i l s contain well waters of doubtful quality 

and may present s o i l sa l in i ty problems* well waters on mature 

s o i l s are comparatively free from sa l in i ty problem, 

Tripathi , Singh and Dixit (1969) studied the quality of 

i rr igat ion water In semi-arid tract of U.P. 600 samples obtained 

from different d i s t r i c t s were analysed t o assess the ir suitabi­

l i t y for lrrigational use. The Irrigation waters have been 

found t o be free from appreciable sodium problems* Sal inity 

problem i s serious with the waters of a l l the d i s t r i c t s which 

increases with aridity of the tract . 
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Balgundaram et a l . ( 1969) analysed 14 water samples 

from the Agriculture College farm, Coirabatore and found thera 

t o contain 0.025 to 0.18 ppm of boron determined by turmeric 

method* 

Rangaswamy j t a l . ( 3969) analysed the IS water samples 

from open and bore wel l of Agriculture College farm,Coimbatoref 

a l l the waters studied have very low concentration of boron, 

being far from danger* The authors have also stated the 

i o n i c composition of waters for assessing the su i tab i l i ty of 

ground waters for irr igat ion. 

Recently Krishnamurty (1970) cr i t i ca l l y examined the 

qual i ty of waters from Kovilpatti taluk a in Madras and reported 

the chemical composition of dissolved s a l t s in a reiy good 

manner for Judging the quality of waters from different aspects* 

Qovinda Iyer and Subramanian (I960) , reported the quality 

of water from a loca l i ty of Madras* A quality appraisal of the 

i rr iga t ion waters from well , canal and river of Amaravathy 

Ayacut area has been made by using the recent water eategorixa* 

t i o n schemes adopted in the U.S. The canal and river waters 

are of good quality while those of wel ls are of medium quality. 

Sree Rami; la and Thyagarajan (1967), opined that the wel l 

waters i n the Perlyane gamin area can be used successfully i f 

proper management practices are adopted. The rest of water 

found in the area can be used for irr igat ion without any risk 
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of sodium or sa l in i ty hazards. 

Kanwar and Deo (1969) reported the Potassium and Magne­

sium in irrigat ion water and their effects on the physico-

chemical s o i l properties* 

Landey and Murty (2967), examined the quality of irriga­

t i o n water from Mysore State and observed to be high t o rmr? 

high sa l in i ty in the water samples* 

Darra and Mehta (1963) have given the inter*relationship 

between e lectr ica l conductivity and to ta l sol ids of the under 

ground irr igat ion waters in Raj as than. 

Sharma j t a l . ( 1963) , studied the underground waters in 

lower liUni Catchment and arrived at conclusion that nearly 

50 percent of the waters are sa l ine and 40 percent are both 

sa l ine and alkaline on either side of the river* 

Shankarnarayana et a l . (1365) . gave ah appraisal of the 

qual i ty of sa l ine ground waters of arid tracts of Western 

Rajasthan for agricultural u t i l i za t ion . 

Subramoney and Varraa (1969), reported the analysis of 

water samples and i t s interpretation and different standards 

for Judging the quality of Irrigation water* 

Mathanl j t a l . (1966) , found the range of boron in the 

ground waters of the Chambal commanded area from 0 .1 to 3*0 ppm. 
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Boron Increase with increase In e l ec t r i ca l conductivity, 

pH, S.A.R. and residual sodium carbonate* 

Darra, Mehta and Pareek (1964) reported the quality of 

i rr igat ion waters in Rajasthan* Bajasthan waters are c lass i ­

f ied as sal ine and alkal ine. Canal waters are of good quality, 

but well waters vary with so i l types from moderately alkaline 

to highly alkal ine, 

Handa (1967) studied the agricultural quality of ground 

water in Rutch and stated that the ground waters vary from 

medium to highly sal ine and can be used for Irrigating plants 

with moderate t o high salt tolerance. Host of the waters with 

higher sodium concentration can be made suitable for irr igat ion 

by addition of CaSo. or some other cheap calcium sa l t . 

Satyanarayana, Chlbber and Verma (1967), gave the seasonal 

f luctuation in quality of some well waters* Two se ts of well 

waters were col lected - one before the monsoon, in the month of 

June and second after the cessation of monsoon rains in the 

month of October. After the rains, sa l t concentration in the 

we l l waters was generally reduced. Soi l samples were also 

co l lected from areas irrigated by water of some of these wel ls 

and analysed to study the effect of continuous use of irrigation 

water on them. The continuous use of sal ine water did not show 

any apparent effect on well drained s o i l s of the area, Indica­

t i n g that many waters apparently of questionable quality may 

actual ly be used with success, on l ight and well-drained s o i l s . 
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Babreker jg% al«( 1965) a l so reported the seasonal 

var iat ion in the quality of irr igat ion waters in Dhulia 

IXS Boron in Plants: 

Role of Boron In crop nutrition -

the ro le of boron in crop production and nutrition was 

discussed by Lai and Srivastava (1948)* Boron was not dis­

covered in plants u n t i l (1857) when Witt s te in and Apoiger 

obtained boric acid from the ash of the seeds of Maesa pi eta, 

an Abyasinian plant belonging t o the order Myrsinaoeae. In 

(1910) Agulhon published resul ts showing increases in dry 

weight of wheat, oats and radish with the addition of boron 

t o sand cultures. In (1915) Maze was the f irs t t o report 

that boron was essential for the growth of corn. Warington 

(1923) f i r s t showed that boron i s not only a stimulant but 

that in i t s absence certain members of the order Legumlnosae 

develope characterist ic deficiency symptoms* S t i l e s (1946), 

Nokamurain (1903) had reported increased growth of Peas and 

Spinach as a result of adding boron to s o i l . From 1929.1990 

further proof of the essent ial nature of boron for plant l i f e 

was obtained* 

Srivastava and Lai (1948), discussed the ro le of boron 

i n crop production. According to Hoon ,et a l . ( 1941), water 

so luble boron content in the range of 1.5 to 6.0 ppm in 

Pnunjab s o i l s manifested a negative correlation with the y i e l d 
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of wheat. However, the same authors In the ir later studies 

(Hoon jet a l . 1946) did not observe such relationship between 

boron content of s o i l and the y i e l d of r ice , 

Dhawan and Ehand (1950) reported a relationship between 

Ca/B rat io and growth and y i e l d of crops in Punjab, the 

average value of Ca/B was more than 600 ppm for good s o i l s and 

ISO ppm or l e s s for poor s o i l s . 

Ramamoorthy and Desai (1946), reported that the avail­

a b i l i t y of boron to tobacco was affected by an unfavourable 

Ca/K rat io in the s o i l . 

Patnaik (1950) , studied the effect of boron on cat alas c 

a c t i v i t y of r i c e plants . C&talase act iv i ty of leaves increased 

with 0.5 to 1,0 ppm of boron but decreased s l ight ly when concen­

trat ion was raised to 10 ppm. In roots , eatalase act iv i ty 

was l e s s than in the leaves , i t increased with 0,5 ppm boron 

and dropped with 1.0 to 10 ppm of boron. However, with a l l 

the three concentrations used, the eatalase ac t iv i ty was more 

than when boron was omitted. 

(Govindan (1952 a) using tomato as an indicator plant 

remarked that not only the formation and accumulation of 

dif ferent fractions of carbohydrate but also the ir ut l l i sa* 

t i on in the normal physiological metabolic process in the plant 

were affected by boron* Al l the carbohydrate fractions 

decrease with the increasing concentration of the elements* 
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Govindan (1908 c) observed that tomato plants in sand 

culture developed boron deficiency symptoms at different 

s tages of i t s growth when the concentration of boron was 

OS, 1,0 and 2.0 ppm. With increasing concentration of 

boron, the y i e ld of tomatoes continued to increase} however, 

with 8 PPra boron the plants developed tox ic i ty symptoms. 

Maize, barley, r i ce and sugarcane required 5.25, 2*60, 

1.75 and 1.40 ppm boron, respectively for their growth in sand 

cultures* Patnaik (1959), reported 1*0 ppm concentration of 

boron In solution culture, as the optimum concentration for 

normal growth of r i ce but 10 ppm produced t o x i c i t y . 

Gandhi and Mehta (1960), reported that tobacco had a 

high tolerance l imi t . The sufficiency l eve l s under sand 

culture conditions for beans, bldl tobacco, guar and Pearl 

m i l l e t are 0 .01 , 0 . 01 , 0 . 1 and 0 .1 ppm , respectively* 

According to Rao (1962) , the absorption of boron by r i ce 

p lants runs paral le l with the dry matter production, there i s 

a heavy demand for the element at flowering stage* 

Xs Physiological ro le of Boron in plants? 

Warlngton (1928) f i r s t showed that merlsteraatlc act iv i ty 

was markedly affected in the broad bean and that both roots 

and stem t i s sues were abnormal in the absence of boron. 

Johnston and Dore C1929) found that plants grown in a boron 

def ic ient nutrient solution showed four d is t inct types ©f injury. 
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Haas and Klotz (3981) opined that boron i s essential 

•foVcell divis ion In the meristeraatic t i s sues and in the 

cambium. In the absence of suff ic ient boron, the cambium 

and portions of the phloem were observed to dis integrate 

and gum up. 

Shlve (1941) observed that boron i s an important factor 

i n the process of plant metabolism. Boron i s yery essential 

for c e l l divis ion and i s apparently a necessary component of 

the c e l l wall* I t plays an i op or t ant role in the synthesis 

of proteins* In i t s absence, nitrogen compounds and sugars 

accumulate while raeristenatie t i s s u e die* 

Boron I s necessary for c e l l d iv is ion and i s a necessary 

component of c e l l wall* I t i s necessary for nitrogen and 

carbohydrate metabolism, in sa l t absorption and water relat ions 

In plants* I t i s a constituent of a membrane that regulates 

passage of sugars in plant bodies. Boron i s regarded to be 

a buffer in plant t i s sues working as some kind of regulator of 

other substances* 

Deficiency symptoms of boron in plants: 

The boron can be readily washed out of s o i l s and hence 

i t s deficiency i s typical ly found on highly leached s o i l s 

(Russe l l , 1961). Characteristic symptoms of boron deficiency 

are the death of growing points of shoots and roots and fa i lure 

of flowering buds to d eve lope. 
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The f ir at visual symptom of boron deficiency I s the 

death of growing point of the plant stem. As a resul t thereof, 

t he buds below th i s point shoot out l a t e ra l stems which also 

ultimately die . As a resu l t , the plant becomes muItistemmed 

giving a rose t te l i ke appearance* Other symptoms are slight 

thickening and curling of the leaves* There may also be 

chlorosis* In legumes boron deficiency may lead t o poor flower 

formation and lade of seed sett ing (Agarwa 1,1965). 

Under conditions of boron deficiency, normal ©ell 

d ivis ion does not proceed sat isfactor i ly to complete separation 

of dividing ce l l s and eventually the shoot and root apical 

merlitems die or become extreamly moribund and af ter the loss 

of apical dominance, stunted side shoots develops from the 

auxil iary meristem. the dis tor t ion of leaves* lack of 

elongation of in ter nodes and the multiple auxiliary branching 

are a l l related to the effect of boron on the separating ce l l s 

in the meristem. The reduction in translocation may be 

primarily associated with the reduction in the u t i l iza t ion of 

sugar at the meristem (Anon, 1967), 

Excessive boron in saline so i l s and i r r iga t ion waters 

may also r%sult in boron toxici ty to p lants . Although high 

boron concentrations beyond a certain limit are pract ical ly 

tox ic t o a l l p lants , there are certain species of plant «tt-

tha t can with-stand relat ively high boron concentrations* 

Mandal jet a l . (1956), have recorded the toxici ty e# symptoms 
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of boron in Peas, gram, barley, paddy, tobaoco audi onions. 

Distr ibut ion of Boron in plant at 

Moore (1937) found traces of boron in phloemexudate 

and parenchymasap of several plants and suggests that boron 

may be translocated in the phloem. Several workers have found 

that boron becomes concentrated in the leaves* 

Robinson found boron content of turnip and potato leaves 

much higher than that of ^roots1 and tubers respectively* 

Bert rand and S l lbers te in have made also a detai led 

invest igat ion of the distribution of boron throughout the 

organs of a s ing le plant* Amongst vegetative organs the amount 

of thi$ element i s lowest in the stem and highest in the leaves* 

Remarkable differences in boron content were shown to exist 

between f loral organs* Thus the perianth contained a very 

small amount and the highest quantit ies were found in the 

anthers, ovaries and stigmas* 

Comparable data have been provided in the case of maixe 

by Bobko and Zerling, who found that, the boron content of 

vegetat ive organs tends to diminish when the plant blooms* 

Similar , though l e s s complete, data were obtained by the same 

authors for tobacco lupin, red-clover, marrow and colchium 

autumnale* 
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AnaVsee by Miss Lohina have shown that l i t t l e 

differences in boron content can be detected between young 

and old vegetative organs in lucern and tomato, or between 

that of haulms and immature ears In oats and wheat. In 

case of bar lev, the ears have a considerably higher boron 

content. Analysis of wheat flower parts showed boron t o 

be concentrated in the pollen rather than in the legumes, 

stigmas were not investigated* 

XIi Response of crops t o Boron; 

Different plants on the same s o i l or the same plant 

on different s o i l s show a variable response to boron content 

of the s o i l s because of their feeding habits and various s o i l 

conditions* The study of boron content of SO species of 

plant growing on the same s o i l showed that boron content 

varied from 2.SU mg/kg In Barley to 94• 7 tug/kg in Poppy 

(Bertrand and Bewail, 1936). 

Boron deficiency in plants faay be present long before 

the v isual symptoms occur and increased y i e ld may be obtained 

I f boron i s applied. This was shown to be true with cotton 

in Malwa tract of Madhya Pradesh by Dastur and Singh (1958) 

and with *taeat crop in Poona by Rayehaudharl (1953). 

Be and Singh (2960) found in f i e ld t r i a l for two years 

that In sugarcane 0.3#(percent) boric a d d spray was better than 
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Boron requirement of some common field and vegetable crops. 

Probable available Boron content of so i l in pp« required fsr 
optimum growth* 

Plants with high require­
ments (more than 0.5 ppn) 

Plants with medium Plants with lower 
requirements. 1-0.5 requirements 0*1 

Pi*H/ ppat* 

.Apple Tomato Wheat 

Alfa-al fa Tobacco Oats 

Redelover 
Lettuce Rye 

Crirasan clover 
Rye 

Whit© clover 
Peach Barley 

Cherry Buckwheat 
Sweet clover 

Olive Corn 
Red beets 
Sugar beets 

Pecon Soyabeans 

Mangolds 
Cotton Peas 

Turnips 
Sweet potato Qreea beans 

Cabbage 
Peanut Lima beans 

Broceoli 
Carrot Navy beans 

Cauliflower 
Walnut Strawberry 

Asparagus 
Filbert Citrus 

Sunflower 
Onion Rosbberry 

Raddish 
Pear 

G roundnut. 
White potato 

Brussel sprouts Blue grass 

Celery Broraegrass 

Rutabaga Other graaaw 

Flo* 

Birr clover 



Table 4 

Boron concentration In the leaves of different 
t>i,a^ig fflrowirn "£n india. 

Name of the plant Boron content Authors 
(ppa> 

A: fruit tree* 

2. 

Cluava, Custardapple, Ramphal, 
Pig, Pomegranate, Jambul, Almond, 
•ulberry, Banana, Papaya and Oil leu. 

Different c i trus and species , grape 
f ru i t , I ta l ian lime, Kagzi lime, 
Mosamoi, Narangi, Pummels e tc . 

3. Ten Mango var ie t i e s 

4»':' Vegetables 

X Non-leafy vegetables 

2 Leafy vegetables except 
harott dodi 

haron dodi 

8 Spinach 

18 - 285 ) Qandhi 
) and 

Meats* 1988) 

127.0 

1 0 - 1 0 2 
(mean) 

) ) 
) 

20 - 288 . .Qandhi and 
Mehta< 1980) 

3 5 - 8 0 
(mean) 

! 
t 
% 

88 - 88 
: Gandhi and 
: Mehta<1958) 
t » 

218 -

80 Chebotina 
(1988) 

82 - 08 IdenK 1988) 

« : Condiments 

X Ginger 
2 Turmeric 
8 D i l l 
4 Sweetneea 
8 Garlic and Coriander 

D: Cereals. 

1 Paddy, wheat and maize 
2 Jowar,BaJara 
3 Oats 

48 
90 
82 

110 
28 

18 
80 
80 

Gandhi and 
Mshta 

> (1980) 
) 

) Gandhi and 
) MehtaC 1988) 
) 
) 



Table 4 eontd. 

Name of the plant. 

£• Mamm 

Boron content(ppa) Authors 

Paddy straw 

p * **games (nine types) 

Alfa a l f a 

Soybean 

Barseen 

Fodder (non-legume) 

« * Cash <yopff 

Tobaooo 
Sesame 
Sugarcane 

Castor 
Co t i e s 

Sugarcane leaves 

H I Flower planta 

Alfa l fa 
Potato 
Pea 
Onion 
Kalai 

DIC0T3 

Groundnut 
Castor 
Cabbage 

10 . 20 

IS * 80* 

Gandhi and 
Mehta 
(2958) 
Idea (1958) 

38 - 86 Gandhi and Meht 
(1960) 

32 - 95 Gandhi and 
Mehta (1958) 

3 5 - 6 0 

• • • 

Mandal.All, 
^Mukharj ee 

(1956) 

• • • 

©ft- 87 Col l lnes . 

64 * 90 
50 , 00 
4 4 - 0 0 

\ Gandhi 
i and 
I Menta* 
i (1958) 

£ 9 - 0 0 
125 - 00 1 

44 Ideai 
(1958). 

8 8 - 6 0 
83.0 
48,0 

100.0 
82.0 

) 
) MandaX 

i niH) 

64 
m 
n 



Table 4 contd: 

Name of the plant 

(DICOfS) J . , 

Tomato 
Brinjal 
Bhendi 

^ C h i l l i 
^Graan-graai 

Cluster bean 

MQMQCOTS 

Rice 
Sugarcane 

Jowar 
Bajara 
Ragi 
Plantain 
Onion 

Boron content(ppm) Author* 

170 
fig 

J} 
57 
41 

Harigopal 
and Rao, 
(1*68) 

7 
IS 

8 
5 
0 
9 
7 

SO 

fttrigopal 
and Rao, 
(1908). 



Table 8 

Boron concentrations In tissues of different plants. 

Micro Plant Tlasm concentration References 
nutrient species Deficient : Normal 

(ppm) (ppm) 

¥taeat 6 - 9 52-84 
Barley 3 -14 27* 32 ( 126) 
Paddy 8 - 2 2 38-72 

liaise 6 -20 34-68 

Pearl mi l let IS 120 Gandhi and 
Mehta ( 1959) 

Guar 40 120 • *m 

Cauliflower 9 -14 S3-SB 

BOfl̂ fi Cabbage 13-36 

9—21 

31-40 

42-45 Radish 

13-36 

9—21 

31-40 

42-45 
Sugarbeet 15 45 

Lettuce 19 -22 30-44 
Carrot 10 33 
Onion 24 130 (190) i Gandhi and 

Mental 1959). 

Bean 16 3S 

Gran m 94 Da« and 
MotiraanK 1949) 

Tobacco 89 66 Ramamoorthy and 
Desai (1946) 

Potato 99 • • Mandal et al« 
(1956) -*•" — 

Cauliflower 22 -31 • • Jha ( 1969) 
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s o i l treatment at S lb/acre* Foliar application of t he 

element was found to be better u t i l ized by the plants than 

so i l applications. The maturity of cane was enhanced, ju ice 

quali ty i s improved significant fy and the sugar percent in 

Ju ice increased by £.5 uni ts . There was better synthesis 

of sugar in leaves and Increased growth. 

Recently Zende (1970) reviewed micronutrient work done on 

sugarcane in different par ts of the Country and rdaponaaa 

obtained by i t t o various t race elements* 

Rege and Dlvekar (1954) reported that combined effect of 

boron spray with soi l application has shown considerable advan­

tage in the sugar formation and recovery. Application of 50 

and 100 ppa of boron in treatment showed increase In brix 

and sucrose. 

Kodre (1955) observed that 200 ppa of spray has shown 

be t te r r e su l t s on l ight type of s o i l . No beneficial response 

on medium black so i l was obtained. With Increasing concentra­

t ions of boron spray, the quality of cane improved on medium 

black s o i l . 

Leley and Desai (1954) found in sugarcane that applica­

t ion of phosphorus increases the avai labi l i ty of boron and 

boron was more concentrated in leaves than stem. 

Mohan Rao jgl al.(1956) showed that t i l l e r i n g and Juice 

qual i ty improved as a resul t of boron sprays on sugarcane 
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at Ankapalle (Andhra Pradesh). 

Datta and Ourubasana (1958), observed an in area** In 

yield, of berseem from 8$ - 976 md/aere and. significant 

increase in number of nodules with application of 8 lb/acre 

of boron as Borax. Datta and Raj (1952,1958) found that 

berseem responded significantly to 8 lb borax/aero at Delhi. 

The number as well as weight of nodules increased with i t s 

application* 

Norland and Starostka (i960) noted in their field t r ia l 

with Alfa alfa grown on fine calcareous and find acid so i l s 

that, an increase in boron content and in some oases yield 

resulted when boron was applied to acid soils* Boron defi­

ciency symptoms were pronounced when boron was not applied. 

Brown and King (1989) found that application of £D lb 

borax/acre reduced 'yellows* from SS percent to 3 percent, 

increased plant height 15 percent, yields 16 percent and the 

boron content of alfa alfa leaves from 22 ppm to 62 ppwu 

Rajkovic (1962) showed that ferti l isation of boron 

to single cross maize, boron as cotnparedd to control,increased 

absolute kernel weight, kernels/ear in mother plant (6«S -

16.8 percent increase), Kernel weight/mother plant (12.9 

t o 23.9 percent increase* Sprinkling at the beginning of 

flowering was more effect lye than later treatment* 
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Boron increased the yield of hybrid raaise by g0.£ 

percent (Ahuja and. Gautam,2981). 

Wear, Scarsbrook and Langford (3968) grew cotton on 

boron deficient sandy so i l to determine the effect of II rates 

on response to boron. Treatment included N rates of 60, 120 

and £40 lb/acre each with and without boron added as eide-

dreasing. Average increase for the added boron at the 3 If 

rates were 97, 168 and £19 lb of seed cotton respectively. 

Mi ley j £ al.(1968) got increased yields of seed cotton 

on a loase loan from 420 to 1449 lb/acre by eight foliar sprays 

of 0 .1 lb boron pre-emergence spray. 

Bhake (1961) found in h is f ield tr ia l that mlcronutrients 

did not have any significant effect on cotton, the intake o f 

mloronutrients by plants at various stages was almost the same 

in treated and untreated plots* 

An increase in yield of seed cotton was obtained by 

Dastur and Kanwar Singh (1953) at Indore when boron waa applied at 

17 lb per acre. 

Lancaster jft a l . (1962) in their field t r ia l s on cotton 

grown In 6 s i t e s of Mississippi, observed that yie ld of seed 

cotton increased from an average of 1355 lb/acre with no boron 

to an average of approx. 1785/acre when boron was applied at 

0.5 to 1.5 lb/acre by various methods. 
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Wasnik (2968) under pot culture and field experiment 

on cotton (A.K.277 V.) observed that application of molybdenum^3 

boron in a l l combinations does not bring significant change In 

vegetative growth, number of leaves, buds, bol ls , yield and 

fibre length. Increasing levels of molybdenum with constant 

boron leve ls , has adverse effect on dry matter content over 

normal molybdenum. Number of flowers per plot showed signi­

ficant increase with different doses of molybdenum and constant 

doses of boron. More accumulation of boron and less of moly­

bdenum was found at proas flowering stage. 

Mehrotra* S&xena and Dube (2068) reported that 0*S ppm 

boron in the nutrient medium gave best overall growth of 

Abelmoachua eaculentua. the range suitable for normal growth 

being 0.125 - 1.5 ppm, 0.031 or be low was In the deficient range 

and 2.0 ppm or above was toxic. 

Boron deficiency in cauliflower and i t s effective cure 

by app 11 cation of boron have been reported from Delhi by Butt 

(1963). 

/ Oovindan (1950) found that with increasing doses of boron 

up to 8 ppm* the ascorbic acid content of tomatoejuin creased. 

The vitamin content i s Increased in the matured fruit. 

Petijevic (1963) observed In 4 year t r i a l of onions 

grown on a podzoli red soi l (MPS and CaO were applied separa­

te ly and together} with or without boron at l .S to 3 teg/ha) 
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that, treatments with boron especially at & medium ra te , 

increased y i e l d up t o 13 percent and improved quality contents 

by 1 nor easing the o i l , protein and sugar contents of the 

bulbs and reducing the ir ce l lu lose content, 

Hua Hsiao (3961) reported that spray or a l iquid culture 

with 0 . 1 percent HgBog enhances tube formation, flowering, 

po l l en viabil i ty'and seed f e r t i l i t y in potatoes* Significant 

increases in soluble sugar (50.44 Vs. 34.37 mg) and starch 

(84.38 Vs 17.04) per gm of dry material are a l so observed in 

the boron treated leaves. Boron treatments are most ef fect ive 

before the formation of micro-spores. 

Emilaaon (3963) noted that boron deficiency reduces 

eooicing quality and affect the skin of the tuber 30 that i t i s 

more susceptible to Scab. 10-20 kg/ha borax can be applied t o 

clayey s o i l s and c lays , but not above 10 kg to sandy s o i l s . 

Boron should be applied i n boron containing f e r t i l i z e r s l i k e 

N, P or K. 

Shrl-vastava (1965) found in h i s laboratory study on the 

variety of Basarai Banana that boron i s required for the healthy 

growth and can be supplied in the form of fo l iar sprays. 

Pandya jet a l . ( 1965) and Josh! (1956,b) in the ir f ie ld 

t r i a l on bajara at college farm, Poona found no significant 

e f f ec t of any of the trace elements on bajara y i e l d s . 
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Kulkarni j t al.( 1970) under field tr ia l on bajara, 

observed response to boron in fharsa Research Centre,Nagpur. 

Kulkarni ct al« (1970) found response "fcc? boron by kharif 

Jowar in their field t r ia l at Afcola. 

Jeshi (1956) reported the adverse effect of boron on 

Jowar crop in field experiment. Boron when applied alone, the 

effect i s more marked, 

Joshi < 1955) in pot culture experiment found 28 percent 

increase in the yield of wheat by application of boric acid 

and 78 percent increase when boric acid i s applied with 

organic manures* 

Shustove (1962) in water culture noted response to 

boron by Buckwheat* 

Joshi(1956) got increased yields of wheat under field 

t r i a l by boron application in Bombay* Mathur j t al*(1959) 

also reported similar results* 

Pawar (1961) under field t r ia l on brinjal observed 

that boron when applied as foliar spray proved to be better 

than s o i l application which produce depressing yield. 

Recently ,Shrivastava (1970) noted a -vry good response 

to boron by Pineapple plants when applied through foliar wrap. 

Boron helps in early flowering of the plants, early maturity 

of fruits* Sugar content of the fruits was Improved signi­

ficantly. The good effect of boron on the root system of the 
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plant has been observed* The optimum dose of boron of 

1 ppm was found effective In affecting a l l the characters. 

Mandal ( 3956) obtained responses to boron on potato, 

Bialse, barley and gran. 

Boron application to soil at various places have been 

reported to have no response or even to lower the yield of 

crops Indicating presence of high amounts of boron in the soil* 

This was observed with paddy (Datta and Bains, 1901) at New 

Delhi, with Bajra at Poona (Pandya et a|. 1955) and with Wheat 

at Monghyr (Mandal jet al , 1956) and in Raj as than (Mathur jet al . 

1950)* 

Bventhough boron applications recorded responses to 

f ie ld crops, great care i s needed In i t s use as fert i l i ser 

since the l imits of sufficiency and toxicity are v%ty narrow. 

the so i l s in general appear to be well supplied with boron 
•ikt. 

as found by chemical analysis but i t lsAavailable fraction that 

becomes important to crops than the absolute quantities present* 

XIL.Boron in manures and ferti l izers; 

One important aspect of the boron problem which has 

received a considerable attention in recent year i s the 

relationship between the use of concentrated and purified 

f er t i l i s ers and the wide-spread appearance of boron deficiencies 

in soils* 

I t must be remembered,however, that the minor element 



t 62 l 

content of the •Natural* ferti l izers i s small and variable, 

Cutta (1937-38) f found that the amount of boron In Chilean 

potassium nitrate wag 0,0s percent. 

I t should perhaps be pointed out that the presence of 

minor elements In a fert i l izer Is not an unmixed blessing. 

Great Interest was attached to published analysis for the 

boron content of modern commercial fertilisers* Studies of 

27 representative 'complete' fert i l izers in the U.S.A. showed 

their boron content to l i e between 0.004 and 0.048 percent. 

Rader (1940) and Hill (1940), found the boron content 

of a number of natural phosphates and phosphatle manures to 

range from less than 30 to 144 ppm and as might be expected, 

the boron content of apatite was on the whole high. According 

to Stecnbjerg, normal application of commercial fert i l i sers 

supply the so i l with only 300* ISO gm of boron per hectare 

pmr annum. 

Brown (2940) states that there i s on the market in 

Canada a fert i l izer advertised to contain particularly w^iy 

known element from helium^oj^^nium^ Brown tried this ferti­

l i s e r on sugar beet} on a soi l where boron applications gave 

increased yields and found It to be inferior to a normal 

N,P»K. fert i l i sers . 

Kainit (1940) found that with 36 gm boron/100 kg was 

quite inadequate and a 40 percent potash salt with 1 gm 

boron/100 kg was s t i l l more so. Superphosphate with 1 gm 
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boron/100 kg gave no control and basic slag with 4 go/100 

kg was l i t t l e better* 

Dung with boron content of 5-6 gov't on almost corrected 

the troublel while there were indications that the boron 

content of tfrine was more effective than In solid excrements* 

The ash of sea weeds gave nearly normal plant, but wood ash 

was rather less helpful. Gdelin (1940), concluded that the 

boron content of synthetic nitrates of modern potash and 

phosphate fert i l izers i s of no practical importance in agri­

culture. Of the fert ie l isers used in Norway, only Farm Yard 

Manure i s of value in this respect, though the boron content 

of chileOn nitrate i s also effective* 

Steenb^erg found an average of 70 gm boron in 39 tons 

of Danish F.Y.M. and 90 gm boron content per SO tons of liquid 

manure. Pure cow's urine had a boron content of the latter 

order* Salter and Schollenberger (1989*40) found F.Y.M. to 

contain approx. 0.005 percent boron and pointed out that since 

s o i l deficiencies of minor elements are reflected in the 

composition of crops, It i s to be expected that the manure 

produced by animals fed on such crops wil l show similar defi­

ciencies and will,therefore, be ineffective in correcting them* 

In th is connection, i t i s of interest to recall that 

so far there i s no indication that boron i s of value for 

animals and probably the bulk of the boron taken by then in 

vegetable matter i s rapidly excreted* I t has been suggested 



: 64 $ 

that i n relat ion to the plant and animal Kingdom, boron 

and iodine form a pair of elements occupying a pos i t ion 

s imilar to that of potassium and sodium. 

Harigopal and Rao (1968), studied the boron content 

of f e r t i l i z e r s of a local i ty of Tirupati and reported the 

f igures of analysis which have been reproduced in Table 6. 

From the table , i t can be eeen that the amaoniura sulphate, 

superphosphate and ana. phosphatic f e r t i l i s e r s are quite 

high in the ir boron contents and which when applied to the 

s o i l can either increase the boron content or correct the 

boron def ic iencies in the Soils* 

Boron as a f e r t i 11 sort 

Agricultural Borates and the ir application? 

Several borate products (1967) which are l i s t ed 

below can be used as source of boron for plants both t o 

prevent and cure boron deficiency. Of these products, 

the f e r t i l i z e r borates and solubor were developed with 

part icular reference t o agriculture. Suff icient boron 

materials are available to permit a choice to be made, 

not only on the basis of cost but a l so on the basis of the 

s u i t a b i l i t y of the material for the preferred methods of 

application or the compounding process. 



Table 8 
Boron content of manures and fertilisers. 

S.No. Manure Boron content 
(ppm) 

Authors 

C r a n i o Manures? 

1 Animal tankage 

2 Uicern hay 

8 Cocoa* tankage 

4 Moulded scrap p las t i c 
5 Chicken manure 
6 Cotton seed meal 
7 Wheat straw 

Animal Manures* 

8 Eastern F.Y.M. 
9 Cattle 

10 Horse 
11 %eep 
IS Swine 
13 Chicken 

Miscellaneous: 

14 Sewage slug 
15 Night s o i l 

IS Peat 
17 Sea* weeds 

Fer t i l i zers : 
18 Ammonium sulphate 
19 superphosphate 
20 Urea 
81 calcium asm.nitrate 
22 Aasnoniura phosphate 

48 
41 

fSf 

29 

20 

Reeve ct aL» 
( i 9 4 i r 

30 
7 

L60 
SO 

SO 
SO 

15 
49 

1.0 | 
Men ring 
<1985) 

7.0 1 
21. 

> 58 > 

11.6 > 
2.7 ) 

0 .8 
1.9 
4*8 

) 
) 

) 

Harigopal and 
Bao t(1988). 
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7a.hU 7 
Boron content a of different borate products 

Material Mean percent percent 
BgOg Boron 

1) F e r t i l i z e r Borate Mixed,flu* 46 14.3 
46 high grade or coarse. 

2) Fer t i l i zer Borate- Coarse 69 80.2 
65 concentrated. 

3) F e r t i l i z e r Borate* Granular 65 20.2 
65 Granulated. 

4) Borax Fine grain*- 36.5 11.3 
lar or powder 

0 Boric acid Fine granu- 56*3 17.5 
lar or powder 

6) Sedttibor Fine 66. E 20.5 
powder 

F e r t i l i s e r borate 46 1* a crude Pent any dr ate sodium 

tetra-borate (ore concentrate). 

F e r t i l i z e r Borate 6© i s a fused ore concentrate and i s 

essent ia l ly a crude anhydrous sodium tetra borate. Borax i« 

sodium t e t r a b o r a t e , decohydrate, N a ^ O - 30 Hjp. 

Solubor i s a special spray dried and complex sodium 

borate product having an approx. composition. Nag BgO 13.4 

Hg0. 

Methods of application; 

As only small quantit ies of borates are normally 

required for the correction of boron d e f i c i e n t , i t i s usually 

d i f f i c u l t t o ensure uniform distribution when the borate i s 

http://7a.hU
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applied by i t s tI f . Unequal distribution may cause heavy 

local application which results in limited toxicity la a 

part of the field while leaving other part deficient. 

There are two ways of facil itating an equal distrlbu-

t ion. Firstly, the borate ean bo mixed or incorporated with 

other solid materials, applying: the mix In a dry state. 

Secondly, applying the borate ean be dissolved la water ana 

either applied a* a apray t o the foliage (or to the soil) or 

incorporated in a liquid fert i l i ser for soi l application. 

Sand or other Inert free flowing materials have also boon 

used for mixing with borates In order to provide a awl table 

bulk for spreading, but this procedure Is going out of practice 

and Is not favoured on economic grounds* If the borate i s 

to bo applied by i t s e l f and particularly when inert material 

i s not available for mixing, borax or possibly fert i l izer borate 

46 should bo used I they have relatively low boron contents and 

so fac i l i tate application by providing the maximum bulk* 

<*> Application of boron with other fertlUsarst 

I t i s a more normal practice to mix or incorporate the 

chosen borate with other fert i l i ser materials and i t I s becom­

ing a common practice for fert i l i ser manufacturers to produce 

boronattd N. P.K.fertilisers; some of those are compounded 

materials In which the borate i s incorporated in the granule 

i tself* 
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The fert i l i ser borates or borax should either be 

mixed with superphosphate or the potassium salt before 

incorporating the ammonium salts , or they should be mixed 

with complete fertilizer* This procedure i s advocated in 

order to minimise any chance of chemical reaction between 

a straight ammonium salt and alkaline borates which could 

result in a slight release of ammonia. 

Boric add i s suitable for combination with straight 

ammonium fert i l i sers *here as indicated, fert i l i ser borates 

or borax should not be used, mixtures of borax and borie 

acid can be used provided the pH i s suitably controlled thereby* 

( e) Spray application! 

So labor i s designed primarily for spray application 

(normally 0.2 - 2.5# w/v concentration) but i t can also be 

applied as dust* I t i s particularly useful 1*1 ere boron i s 

to be applied separately from other fertiliser* It i s readily 

soluble in water, i s compatible with most insecticides and 

fungicides and makes an efficient boron additive for most 

liquid ferti l isers* 

Borax can be used for spray application but the slow 

rate of solution may cause difficulties* 

Bose of Boron 

The most common ferti l izer (Agarwa 1,1965) material used 

for supplying boron to the soi l i s Borax in our country. The 
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co ram on dose i s 0 to 10 lb borax/acre of soi l* This much 

amount of Borax supplies about i to 1 lb of elemental boron 

or 1 to 2 l b of boric add/acre* Occas ional ly , potassium 

borate, boric acid and f inal ly ground bore* s i l i c a t e s are used 

alone or mixed with other f e r t i l i z e r s . 

Since boron ia not retained in the s o i l , as an exchange­

able ion, more frequent applications are necessary to produce 

sat is factory results* As large quantit ies of boron become 

t o x i c t o plant, careful se lect ion of dose for individual crop 

i s necessary t o safeguard against t h i s tox ic i ty hazards* 

L i t t l e i s said about the time of application, as t h i s 

w i l l vary from country to country, the agricultural borates 

should be considered in the same "nay as the soluble easi ly 

leached f e r t i l i z e r s , the best time t o apply boron w i l l depend 

upon the local ra in fa l l pattern and the incorporation and 

retention of boron in the rooting Zone. 

Fate of Boron applied to s o i l s ' 

When boron i s applied t o a s o i l as a f e r t i l i z e r , i t 

may undergo the following changes* 

1) I t may be absorbed by the plants (Krugel .et a l . 1958) 

e) I t may become * fixed* in the s o i l s as a result of 

chemical reactions which are not yet fully understood. 

According to Lohins (19 39), even tourmaline can act as a 

source of boron for plants . 

3) I t may be u t i l i z e d by micro-organisms. 
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4) I t may be leached out. About 75 percent of the 

added boron may be removed in this way. I t must be 

remembered,however, that conditions In the field may be 

very different from those In the laboratory and It seems 

highly desirable to obtain series of Lyaimeter observations 

on th is subject under field conditions with growing crops. 

The rates of application of boron to different crops 

have been given In Table 8 below. 



Table 8 
Rates of Boron application to different crop a 

( A l l rates lb/acre or kg/hectare) ( Annos. (1967) Boron def ic iency- i t s or event ion 
and cure). 

Crop Boron Borax Boric P e r t i l l Fer t i l i zer Solubor 
acid. - z e r Borate-65 

Borate 46 
2 8 4 5 6 7 

Remarks 

Cotton Dr i l l 1/5-
1/2 broad 
cart i • ! 

groundnut 1/2 - 1/2 

Maize 2 / 2 - 1 

Tobacco 1/2 - 1 

Apple 1/2 - 2 

Banana 2 - 4 
lb/ acre 

Ci trus 
( orange, 
grape-fur It) 
Lefflon- lime i 

i - 1 

-i 

2 - 4 

4 - 9 

8 - 4 

4 - 9 

3 - 9 

4 -18 

1 - 3 

2 * 3 

8 - 6 

2 - 6 

8 - 1 1 

3 - 9 

8 - 4 

2 - 6 

2 - 3 

1 - 3 

2 - 8 

8 - 7 

2 - 7 

3 - 1 4 

28—35 11-23 14-23 
lb/ acre lb/acre lb/acre 

1 - 2 

1 - 2 

2 - 5 

1 - 5 

2 -20 

2 - 7 

2 - 3 

10-90 
lb/ acre 

1- 5 

1 - 2 

2 - 3 Spray Solubor 4-6 t ines 
at 0 .5 lb SOUJBOR/acre 
each time (upto 0*5 
percent w/v). 

1 - 2 Apply at planting. 

2 - 5 ) 

1 
) Preferably apply in 

5) f e r t i l i z e r at planting. 

2 - 2 0 One s o i l application suff­
i c i ent for s years . 
SOLUBOR spray 2-3 lb . 
in 200 gallons sapply 
i n early spring. 

30/20 For experimental use only, 
lb/ acre 

1 - 5 

1 - 2 Spray with SOLUBOR 2-3 
lb/ 200 gallon before 
bloosraing, e f fect ive for 
4 weak years< s o i l appli­
cation) 
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Chapter I I I 

MATERIAL AND METHODS 

Procedure followed In col lect ion of s o i l samp loss 

The s o i l samples from the different agro-climatic 

tones into which the Maharashtra State has been broadly 

divided (Sahasrabuddhe,lS§7) w«re collected mostly from 

Government farms located in these Zones and in some eases 

from the cultivators* field in the vicinity of such farms. 

A representative field was selected and arbitrarily divided 

into four quadrants, from each of which the sample was drawn 

to a depth of 9". The four individual samples were pooled 

and a bulk composite sample was drawn by the method of quarter* 

Ing. The bulk sample was pounded In a wooden mortar with 

wooden pastle and passed through appropriate sieves as pw 

requirements* The samples were collected from the following 

places located under different Zones* 

I-B J Zone of very high rainfall with 
Mon-Laterltlc jjoi^ : 

(Zone No.l) : P l a c e s . 

1 Xgatpuri 2 Khopoli 3 Panvel 4 Dahanu 

S Palghar 6 Shriwardhan. 

I-A i Zone of viy high rainfall with 
M ^ e r i t l c golls f 

(Zone No.2) • 
7 Ratnagiri 3 Radhanagari 9 Dap o i l 10 Ajara 
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I I s Transition zone s 

(Zone No.3) : 

XI Medha IS Paud 13 Vadgaon 

XII i g g a r c i ^ Trapti 

(Zone No.4) I 

14 Poona IS Dhond. 16 Dhulia 17 Jeur 

38 Chas 19 Indapur. 

IV-B JZone of assured rainfal l with 
kharlf and rabi cropping: 

(Zone No.S) :• 

20 Chopda 21 Biir 22 Sholapur 23 Jalgaon 

24 Badnapur 

IV*A 'Zone of assured rainfa l l with 
kharlf cropping* 

(Zone Ho.6) J 

28 Washla 26 Parbhani 27 Akola 

88 Hingoll 29 Latur. 

V-B: zone of moderately high ra infa l l 
with trap soils? 

(Zone Mo.VjJ 
39 Nagpur 91 Yeotraal 32 Nanded 33 W*rdha. 

V-A i zone of moderately high ra infa l l 
with s o i l s from mixed rook a; 

(Zone NO.8)J 

34 Chanda 35 Bhandara 

VI : zone of higji ra infa l l with 
s o i l s froii wlxed rocks; 

36 Qondia 87 Oadchiroli 33 Amgaon 

39 Slndewahi 40 Vihad. 



fhe general de; 
agr»» climatic 

Table 9 
wmmmmmmmmmmmm 

[felon of so i l s collected tr&m differ* 

Location Taluka m 

I 2 

s t r i c t Mean annual ra infa l l 
of th e place from 
where the sample was 
col lected (In mm) * 

8 4 

Parent 
material 

5 

I Bi Zone o: f heavy ra infa l l with non- later l t ic soils* > 

Igatpurl Igatpurl Naalk 88*1.60 Basalt 

Khopoli Karjat Kolaba 3278.50 Basalt 

B&nwel Panwel Kolaba. 2741.83 Basalt 

Dahanu Dahanu Thana 1759.00 Basalt 

Palghar Palghar Thana 8594.60 

Shrlwardh an Shriwar-
dhan 

Kolaba 

Average: 

2587. a@ Basalt an Shriwar-
dhan 

Kolaba 

Average: 2697.08 

I A s Zone of heavy rainfal l with l a t e r i t i c s o i l s : 

Ratnagiri Ratnagiri Ratnaglrl 2667.00 Laterite 

Radhanap 
gari 

Radhana-
gari 

Kolhapur 0917.60 Laterlte 

Dapoil Dap o i l Ratnagiri 3885.50 Laterite 

AJara Ajar a Kolhapur 

Average: 

2676.40 Laterite 

I I s Tjrr s i t i o n zone* 

Medha Javal i Satara 1728.40 Basalt 

Paud Paud Poena 1519.20 Basalt 

Vad/ m Maval Poona 

Average? 

1147.00 Basalt 

•ffPftHt 



Table 9 cont d: 

2 3 4 1 

d: 

2 3 4 5 

I I I : Arid t o seal -arid zonet 

Poona Haveli Poona 676.00 Basalt 

Dhond Hi ond Poona 460.75 Basalt 

Dhulia Dhulia Etiulla 609.60 Basalt 

Jeur Karmala Sholapur 609.60 Basalt 

Chaa Ahmed-
nagar 

Ahiasdnagar 921.50 Basalt 

Indapur Intapur Poona 

Average: 

508.00 

579.64 

Basalt 

XV BJ Zons of assured rainfall with 
trapping* Hnsr F.dt*3E3GOiil 
rainfall with 
trapping* 

Chopada Chopada Jalgaon 736.60 Basalt 

Bhir Bhir Bhir 685.80 Basalt 

Sholapur Sholapur Sholapur 685.80 Basalt 

J alga on Jalgaon Jalgaon 775,00 Basalt 

Badnapur Jalna Aurangabad 

Averages 

785*80 Basalt 

IV At I^ne of assured ra infa l l with kharif popping! \ 

Waahlm Wash i n Akola 914*00 Basalt 

Parbhanl Parbhanl Parbhanl 868.70 Basalt 

Akola Akola Akola 818.80 Basalt 

ningoli Hingoli Parbhanl 818.80 Basalt 

Latur latur Osnsanabad 

Average} 

809.99 

848.98 

Basalt 

%fi33S4* 



Table 9 contds 
1 2 3 

V B» %one of moderately hijft r a in fa l l 
with sol la derived from lieccan Trap: 

§ 

Magpur Sagpur Nagpur 1242.00 Basalt 

Yeotnal Yeotnal Yeotnal 1092.20 Basalt 

Handed Handed Handed 939.80 Basalt 

Wardha Wardha ^ardha 

Averages 

1081,00 Basalt Wardha ^ardha 

Averages 3086.75 

V M Zone of moderately high ra in fa l l and 
so i l derived from mixed parent material: 

Chanda Chanda Chanda 

Bhandara Bhandara Bhandara 

Average* 

1824.00 Granite 
and Gneisses* 

1422.40 Granite and 
Gneisses* 

WhP,, 
Granite and 
Gneisses* 

VI . Zone of high rainfall: 

Gondia Gondia Biandara mf.Q0 Granite and 
Gneisses* 

Gad chirol l Gadchl-
r o l i 

Chanda 19 34.16 Granite and 
Gneisses. 

Angaon Gondia Bhandara 1398*33 Granite and 
Gneisses. 

Shinde 
• wahi 

Bramha* 
puri 

Chanda lS4t*40 Granite and 
Gneisses* 

Vihad Gadchl-
r o l i 

Chanda 18T9.00 Granite and 

(*) Anon (1988) i Maharashtra Krlshi Jeevan 
Sankhlklya Darshan, 
Gokhale I n s t i t u t e , Jfoona. 
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Procedure followed In collection 
of water samples ? 

The well water sab les from Poena and adjoining areas 

were collected in the beginning* While collecting the sample, 

the bottle was rinsed thoroughly at least three times with 

the water to be collected and nearly one l i t re of was taken 

in a clean, colourless glass bjt t le , stoppered tightly and 

brought to the laboratory for analytical purposes* When 

water was collected from a pipe or tap, the water was allowed 

to run waste for a couple of minutes before the saaple was 

drawn. the water samples were f irst filtered and then used 

for further analysis. 

An opportunity was also taken to analyse well waters 

collected from bore wells from different districts of Maharashtra, 

by the Cfciitf around Water survey Officer, Department of Agricul­

ture and sent to the laboratory of the Agricultural Qietaist 

for analytical purposes. 

Methods of Analysis : 

the methods used for so i l and water analysis are the om» 

described by Wright (1934), A. O.A,C.( 1950), Hatcher and Wilcox 

(IPSO), Piper (1950), Jackson (1968) and Chapman and Pratt 

(1961) with required modifications wherever found to be necessary. 

The results are expressed on oven dry basis. 
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Moisture: 

This was determined by dehydrating the soi l at 

1Q0.1O5°C in an electric oven (A.0.A.C#195l). 

Loss on Ignition; 

The soi l was Ignited In a muffle furnace until the 

organic matter was fully dehydrated. I t was then cooled, 

moistened with a drop of aranonium carbonate to correct for 

the carbonates and weighed after oven drying* 

The method followed consisted of centrifuging the so i l 

at 8900 r.p.m. for 80 minutes using Briggs and Maclean (1910) 

moisture equivalent centrifuge fitted w£h a special drum head* 

The details were the same as described by Piper (1950). 

Calcium Carbonate-

This was determined by using Co Ulna* Calelmeter 

ualng a 70 mesh soi l sample (Wright,3934). 

Organic Carbon.' 

Organic carbon was determined by the modified method 

of Walk ley and Black (1947) as described fey Plpar (1950). 

Mechanical analysis' 

This was carried out by using soda dispersion and 

pipette technique (Piper, 1950). 



: SO t 

Exchangeable Calcium; 

This was estimated by the method described by Chang 

and Bray ( I960) , using 23 percent NaNo as the extracting 

so lut ion . 

Five go of the s o i l sauple was shaken with 10 ml of 

the extracting solution for one minute and f i l tered* 

The f i l t r a t e was diluted to about SO ml by d i s t i l l e d 

water and £ ml of 10 percent NaOH (pH of 12) was added. Then 

about 0 . 3 m of mureoxide indicator was added and then t i t ra ted 

with 0*02 N of versanate solution (EDTA). The colour change 

i s from red to orange red, v io l e t or v io le t red. 

pH was measured in 1:2.5 s o i l water suspension by means 

of a glass electrode (Piper,1950). 

* Water soluble boron In s o i l ; 

For a l l boron determinations, the boron free glass was 

used. The chemicals and a d d s used were also of high purity 

(ANALAR Grade). 

The water soluble boron In s o i l was determined color 1* 

metrically by the Carmine method as described by Hatcher aM 

Wilcox (1960). 

Procedure. 

Twenty gm of a i r dried and sieved s o i l sample was 

placed in a 250 ml conical f lask, 40 ml of d i s t i l l e d water were 

added and a reflux condenser was attached. The suspension was 
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boiled for 6 minutes and allowed t o coel and then the 

condenser was disconnected. The suspension was f i l tered 

through a funnel using Whatman 48 f i l t e r paper and the f i l ­

t ra te was made t o a suitable volume of SO ml with washings 

of d i s t i l l e d water. 

A blank was determined by taking 40 ml of water in the 

extraction flask in a similar manner as described under 

s o i l extraction. t h i s solution was carried through a l l 

steps in subsequent stages* 

For the determination of boron by Carmine method, a 

80 ml aliquot of the clear supernatent solution was trans­

ferred by means of a pipette t o a platinum evaporating dish 

and 5 drops of 40 percent K„co_ solution were added and the 

ent ire solution was evaporated t o dryness on a water bath. 

The residue was ignited gently t o destroy nitrates and 

a l l organic matter on a burner for about l£ to 8 hours* I t 

wag then cooled and 5 ml of approx. 0*9S H sulphuric acid 

(10 ml of concentrated sulphuric acid in one l i t r e of die* 

t i l l e d water) were added and triturated thoroughly with a 

rubber policeman t o dissolve a l l the soluble matter* The 

so lut ion was f i l t e red throu*gi a f i l t e r paper (Whatman No.l) 

on a micro funnel* 2 ml aliquot of the clear f i l t r a t e was 

taken for further determination* 
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Two ml aliquot from above f i l t r a t e was taken In a 

100 ml conical fla«k, 2 drops of concentrated hydrochloric 

a d d and 10 ml of concentrated sulphuric acid were added, 

mixed and then cooled* 10 ml of carmine solution (0 .92 gm 

of Carmine powder dissolved in onm l i t r e of concentrated 

sulphuric acid were added, mixed and allowed to stand for 

an hour for colour development* Then the readings were 

taken on a Klett Suianersion Colorimeter using 600 (red) 

f i l t e r against a reference solution of 2 ml of d i s t i l l e d 

water carried through the entire procedure* 

Acid soluble boron in s o i l 

Preparation of hydrochloric acid extract (Piper,1988): 

Ten gm of the s o i l passed through a 2 mm sieve was 

digested for an hour with 100 ml concentrated hydrochloric 

a d d o f constant boil ing point; using a reflux condenser. 

The s o i l was allowed to s e t t l e overnight and the supernatent 

l iqu id was decanted. The next day, the residue was l ixivated 

a number of times with small quantit ies of boi l ing water and 

the washings were f i l t ered through a Whatman (No.42) f i l t e r 

paper* The washings were made up to 250 c. c. and analiquot 

of t h i s stock solution was used for the determination of the 

acid soluble boron, by the method suggested by Maftel (1939), 

Haa3 (1944). 
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The method was originally suggested by Naftel (If99) 

and was subsequently used by Haas (1944), for the exaaaination 

of the available boron status of the Californian Citrus s o i l s . 

After a number of t r i a l s , the following procedure was 

found t o give satisfactory resu l t s . An a 11 quit of the hydro­

chloric acid extract (SO ml) was evaporated t o dryness In a 

s i l i c a basin on a water-bath. I t was then taken up with a 

small quantity of water and treated with a solution of N*gc°3 

( E5 percent) in order to make i t d i s t inct ly alkaline* I t was 

then dried and baked at 120°c on a sand bath for half an hour. 

The baked material was then extracted with hot water t i l l free 

of a lka l in i ty . The f i l t r a t e and washings were evaporated t o 

a sraall volume and then dried completely. S3 ml of the (It 30) 

sulphuric a d d were added and the residue was tr i turated 

thoroughly to d isso lve the soluble matter. Then the solution 

was f i l tered through ordinary f i l t e r on a sraall funnel and a 

clear f i l t r a t e was obtained in a glass t e s t tube. 2 ml of 

al iquot of the clear f i l t r a t e was taken in a 190 ail conical 

flask and proceeded for the Carmine method as described pr#* 

viously under *water soluble boron*. 

WELL WATBR 

Representative samples of underground waters col lected 

from different agro.climatic regions were analysed for the 

anions namely * Carbonates (C9g), bicarbonates (HCOg), 

mm m • -ii r " r i m 
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Chlorides (Cj) by usual volumetric methods (Piper, 1950). 

Calcium and magnesium were determined by versanate (E.D.T.A^) 

t i t r a t i o n and sodium (Ma*) and Potassium (I*) were determined 

by the flamephotometer, Chapman Pratt (19S1)« The contents 

of cations were expressed In mi 111* equivalent / l i t r e . 

gH; 

pH was measured by means of a glass eleetrode on Beckman's 

pH meter (Piper, 1950). 

The T.3.S. of the original water sample was measured 

by solubridge (Jackson,1958). 

Determination of boron In well water 

No pre-treatment I s reaulred for estimation of boron from 

well water samples. Directly 2 ml of the f i l tered sample was 

taken in an erlenmeyer flask, two drops of concentrated hydro­

chloric acid and 10 ml of concentrated sulphuric a d d were 

added and mixed thoroujahly without any bubble formation in thm 

flask and then I t was cooled.. 10 ml of Caxralne solution 

(prepared by dissolving 0.32 gm of Carmine powder In 1 l i t r e 

of concentrated sulphuric acid) were added and mixed wel l 

and the solution was allowed to stand for an hour for the 

colour development. Then the readings were taken on Colori­

meter (Klet-Summers on) using 600 (red) f i l t e r against a 

reference solution of 2 ml of d i s t i l l e d water carried through 

the ent ire procedure. 
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Field Studies 

The f i e l d t r i a l on hybrid bajara was conducted with 

a view to determine the boron requirements of the exop reeoi* 

ving varying doses of N,P and K. along with ml cro-nut ri ent 

applications such as - Mn, Zn, cu, B and Mo. The de ta i l s 

of the t r i a l are given below? -

1) Total area of th e plot 

8) Area of th© sub-block 

8) Block 

4) Met plot s i z e 

5) Gross p lot size 

6) Place 

7) Design 

3) No.of main treatments 

9) Jfo.,of sub-treatments 

10) No,of repl icat ions 

11) Total number of sub.plots 

IS) Main p l o t treatments 

Treatment Ai 

Treatment B: 

. . 11.01 »A ,i0'©7m 

. . 0.45 m x 0.30 m 

. . 1,48*01 »0.30 a 

. . 0.18 m x 0.075 m 

. . 0.15 1a x 0 ,15 m 

• . West s ide of So i l labora­
tory of cheadstry Section, 
Agri1,College,Poona g4 

Randomised s p l i t plot 
design,, 

Treatment C: 

8 (A, B» C) 

5 (a„b te,£>•»*) 

Three 

3 x 6 x 8 * 54 

3, namely doses of N,P,K. 

-* H^ P± K̂  - 33,15, 15 krg/acre 

— Ng Pg Kg - 60 , 80, 39 kg/acre 

• 3 P 3 Kg * 90 , 45 , 46 kg/acre 

18) Sub p lo t treatments- 6, namelys s o i l application of 
trace* elements! 
a) Mn»25 ppm, b) ZrvlO ppm 
c) Cu-lo ppm d) Boron* 2,5 ppm 
e) Mo.0.5 ppm f) Control 
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14. Date of sowing 

10. Method of sowing 

16. Dis tance between rows 

1?. Dis tance between p l a n t s 

18. No. of seeds per h i l l 

19. No.of seedl ings per h i l l 

80. Date of app l ica t ion of 
major n u t r i e n t s . 

2 1 . Date of app l ica t ion of 
micro n u t r i e n t s . 

2£. Date of harves t 

U t h J u l y , 1069 

Dibbling 

15 * 

«•» 

Sight 

Four 

18th Ju$y,3969 

19th J u l y , 2969 

7th October, 1969, 

Sowing was done on 11th Ju ly ,1969 , c o l l e t s germination 

took p lace within a week per iod. In t h e t h i r d week a f t e r sowing, 

t h e th inn ing was done keeping four seedlings per h i l l . Whenever 

necessary frequent weedlngs were given and t h e p l o t was kept 

always clean. At d i f fe ren t s tages of t he crop i . e . t i l l e r i n g , 

flowering and ha rves t ing , the p lan t samples were taken for uptake 

s t u d i e s . 

Sampling a t t i l l e r i n g stajye 

t h e samples were taken a t t i l l e r i n g s tage t o determine 

boron uptake by the p l a n t s . The sampling was done on la th 

August 1969. From each sub-plot , four p lan t s were taken, they 

were washed free of adhering s o i l , wiped, dr ied by means of 

f i l t e r paper and then dr ied in t he oven, t h e dry matter was 

weighed and recorded. 



Table 10 A 
Deta i l s of treatments 

Treat Main plot treatments » Sub plot treatments * Control 
ments Nitro Riospho- Potash MnSo4 ; 2nSo4sCuSo j Borax so<ii-

-gen rus u » 
Moly 
Mate 

A 30 

B 60 

C 90 

m 

45 

16 

SO 

45 

91.97 9.06 35.60 2.26 0.45 

91.97 9.06 85.60 2.86 0.45 

91.97 9.06 35.60 2.26 0.45 

•Quantities in kg/acre. 

Table 10 B 
Quantities of f e r t i l i z e r s applied, to malnplot and 

sub-plot treatments. 

Treat Main plot treatments •*. * sub plot treatments *• co». 
ments Ammoni Super Potassium J """*tr©l. 

-urn sul phos- sulphate. $ Mns©4s ZnSo4; Cugo4: Boraxt SoAl 
phace. phate : - t t m 

: laoly 
Mate 

A 492 828 308.5 52,7 

B 964 646 207.0 52.7 

C 1476 969 310.5 52.7 

22.9 80.43 7*4 0.56 . 

22.9 20.43 7.4 0.56 • • 

22*9 20.48 7.4 0.56 — 

••Quantities in ga/plot . 
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Sampling at flowering stage 

The sampling was done on 12th September ,1969. From each 

sub»plot, one plant along with earhead was taken, i t was out 

close to the ground, immediately the fresh weight was taken, 

then i t was dried in shade and then in oven and dry matter 

was recorded and i t was kept in paper bags with proper labelling 

and pinning. After grinding, the samples were used for further 

analysis. 

Sampling at harvesting stage 

The harvesting was done on 7th October, 1969. From eadi 

sub-plot, the four plants along with the earhead s were taken 

and Immediately their fresh weight was recorded. Then the 

ears were separated from the stalks and length of stem, dia­

meter, and length of earhead and diameter were recorded for 

individual plants and earheada. Then stems and earheads were 

dried f irst under shade, packed in paper bags and again they 

were dried in oven at low temperature and the grain yield and 

straw (dry matter production) were recorded after accurate 

weighing. After grinding, the samples were used for further 

analysis. Total boron contents of plants at three different 

stages were estimated by the method described by Hatcher and 

Wilcox (1950). At harvesting stage total boron from straw 

and grains was estimated separately* 
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Plant Analysis 

Total boron In plant 
Preparation of the sample'. 

All the foreign matter from the green plant material 

was removed avoiding excessive washings and the plant material 

was dried at 70°c, ground,dried again to constant weight, 

stored In a paper bags with proper labelling* The finely-

ground homogenous plant sample was used for further analysis 

and the results were expressed on oven dry basis* 

frofi«tii,y«. t°T *?W determination? 

Five m of the dry sample was taken and mixed with 0.5 gm 

&t calcium oxide thoroughly on a paper. Then the material 

was transferred In a platinum dish and Ignited as completely 

as possible on a burner at 500 to 550°C for about frrS'S^ar**";, 

hours., I t was cooled, moistened with dist i l led water and 

covered with a watch-glass, 15 ml of 6 If hydroohloric acid 

were introduced in a dish which made the solution strongly 

acidic, then i t was heated on a waterbath for half an hour, 

cooled, filtered through Whatman No.l on a small funnel, washed 

the residue with hot dist i l led water t i l l free of acid and 

the final volume was made to 100 ml, 2 ml of an aliquot of 

the above f i l trate was pipetted accurately in a 100 ml conical 

flask and followed the procedure as given under so i l and 

water determinations, but two drops of d is t i l l ed water were 

added In place of concentrated hydroohloric acid,since these 

solutions were already ntrongly acidic* 
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Chapter XV 

RESULTS AND DISCUSSION 

The present study was undertaken with a specific 

objective of determining the boron status of so i l s of 

different agro-climatic regions of the Maharashtra State 

and to assess the factors affecting i t s availability in so i l s . 

The boron contents of ground well waters collected from differ* 

ent d is tr icts of Maharashtra was also assessed and i s discussed 

in the present report. For this purpose, 260 well water saaples 

sent to the laboratory of the Agricultural Chemist by Chief 

around W&ter Survey Officer were used. The 40 sai l samples 

front various agro-climatic zones,analysed previously by Tanwade 

(1969) and Khonde (1969) were uti l ized for determining their 

boron status* The results obtained by the above workers for 

physical and chemical properties for 40 so i l samples are u t i l i ­

zed in the present investigation. The results of these studies 

have been presented and discussed under appropriate headings. 

Section I-A 

Physico-chemical properties of so i l s used in the Investigation* 

Organic carbon contents of soils; 

The results relating to the various mechanical constituents 

along with the organic carbon and free CaCOg contents of so i l s 

are given in table 11. A glance at the data indicates that the 

average organic carbon contents of so i l s of different agro-

climatic zones vary fron as low as 0.62 percent in zone V-B to 
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as high as 1*48 percent In zone I-A. The so i l s from zones 

I-B» V-A and VI contain fairly higher proportion of organic 

carbon than the so i l s from zones IX, I I I , I V-B, IV-A and V-B* 

Free CaC03; 

The so i l s of high rainfall and moderately high rainfall 

zones, (zones I-B, I;A, V-A and VI) are characterised by very 

l i t t l e or no free CaCOg in them, s o i l s from sons III show the 

highest level of free Cam i . o . 4,77 percent ttoli© those from 

zones IV-A, IV-B and V-B are intermediate In this respect. 

the data reported in table 11 indicates that the average 

clay content in so i l s from different zones varies from as low 

as 82*05 percent In zone VI to as high as 48.7 percent In 

zone IV-A. The texture of the so i l s under study varies from 

sandy clay loan to clayey* The so i l s of arid to aemi arid 

zones (zones IV-A, IV-B, V*A and V-B) developed on basalts are 

clayey In texture* 

S o i l pH: 

I t Is seen that the so i l s from zones I-A, V-A and VI 

have an add le reaction. In rest of the so i l s , the average 

pH values vary from *.7 to 8.8. I t i s also observed that 

in respect of so i l s derived from basalt, they show a slight 

relationship between pH and the mean annual rainfall . 



Phyalco-chemical characteristic ot aa 
••"Wanl ing • nITA rnngra—~ m.HITii»»TWiTiMiiftiTi<i 

agroclimatic gonea of Mahari 
e (Tanawade. 1969) 

Textural 
olasa. Locatlon 

X 

S o i l 
pH 

•• S „ 

Organic 
carbon 
percent 

3 

CaCO 
per 
4 

Clay 

percent 
5 

Zone I - f 

I g a t p u r i 
Khopoli 
Panvel 

6 . 2 
6 .9 
7 .8 

0 . 8 1 
0 .94 
0*66 

Ht l 
Hi l 
Hl l 

33.19 
38. 39 
22.70 

Sandy d a y loam 
Clay loam 
Sanely clay loam 

D ah ami 7 . 3 0 , 7 5 0 . 1 5 35.78 Clay loam 

P a l m a r 
Shriwardhan 

6 .9 
5 .7 

0 . 9 2 
0 . 9 5 

0 .90 
N i l 

40 .64 
36.00 

Clayey-
Clayey 

6 . 7 0 . 8 4 0 .170 33.62 
Zone I*A 

Ratnagir i 5 .4 1.70 N i l 36.53 Clay loam 
Badhanagarl 
Cap o i l 

6 . 2 
5 . 1 

1.41 
1.80 

N i l 
N i l 

3? .75 
36.60 

Clay loam 
Clay loam 

Ajar a 5.8 0 .81 N i l 50 .62 Clayey 

5.8 1.43 N i l 40 .32 
Zone I I 

7 .0 
7 .6 

Medha 
Paud 
Vadgaon 

7 .0 
7 .6 

0 . 6 3 
0 .68 
0 . 7 5 

0 . 1 0 
0 . 2 1 
1.87 

33.39 
39.83 
37*35 

Clay loam 
Clay loam 
Clay loam 

7 .0 0 .68 0 .56 37.92 
Zone I I I 

Poona 7 .8 0 .57 4 .10 33.60 Clay loam 
Dhond 
Dhul la 

7 .8 
8 .0 

0.70 
0*54 

4 .80 
4.16 

45 .85 
45*00 

Clayey 
Clayey 

J e u r 8 . 1 0 . 7 5 4 . 2 8 44 .60 Clayey 
Chas 
Indapur 

8 . 2 
8 . 2 

0 .58 
0 .63 

6 , 1 9 
5 .24 

46.26 
88.J54-

Clay ay 
Clayey 

' 8 . 0 0*68 111 '4.77'" " 49.14 

contd 



f a b l e 11 ©ontd • 

1 8 0 4 5 6 

S?a«iy.B 
Chopda 7 .9 0 .68 3.89 41 .85 Clayey 
Bhir 8 . 1 0 . 6 3 4*56 44.89 Clayey 
Sholapur 8 . 1 0 .54 3.68 44 .75 Clayey 
j a l g a o n 8 . 0 0 . 6 3 8.46 48 .60 Clayey 

Badnapur 7 .8 0 .74 3.42 45*80 Clayey 

-o— o* S.80 '41.71' 
Zoi|e IV-^ 
washim 7,8 0 . 6 8 3.6S 47.80 Clayey 
Parish ani 7 .7 0.66 4 .48 46 .80 Clayey 

Akola 8 . 1 0 .69 5 .10 49 .80 Clayey 
HIngol i 7 .8 0 . 7 1 5 .60 51.80 Clayey 
Latur 7 . 7 0 .66 1.62 48 .68 Clayey 

7 .8 0 .67 4 . IS 48 .78 

Zona V-B 
Nagpur 7 .6 0 .66 1*58 48 .40 Clayey 
Yeotmal 7 . 7 0 .09 1.86 45.74 Clayey 
Handed 7 .9 0 .69 S.80 49 .50 Clayey 
Wardha 7 .8 0*54 8.10 48 .08 Clayey 

7 .7 0 . 6 2 g. 18 46 .41 

f&°»« IrA 
Chanda 5*3 0 . 8 1 N i l 38.85 Sandy clay loam. 
Bhandara 5 .4 0.84 Ni l 33*51 Sandy clay loan. 

5 .4 6 . 8 8 tfil 33. & 
Zone VI 
Gondia 5 .7 0 .85 Traces 81.60 Sandy clay loam. 
Qaddi l ro l i 5 . 5 0 .81 Traces 85.15 Clay loam 
AmgeLon 5 . 8 0 .92 Mil 38.88 Clay loam 
Sindewahi 5 .4 0»78 Mil 188*48 Sandy clay loam. 
Vihad 7 . 4 0 .39 0 . 8 8 81.50 Clay loam 

"O "fl.W 0.(54 88.58 
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of Maharashtra State. 

In the present study, forty s o i l samples collected from 

s i x different agro-climatic sone of Maharashtra State were 

analysed for their different fractions of boron. 

The values for different fractions of boron In individual 

s o i l as wel l as average values for each sone are reported in 

tab les 12 and 13 and graphically presented In Fig. 1, while 

the variation in the average and range values for each fraction 

and the ir re la t ive proportion to the t o t a l boron are presented 

in tables U-A and 14-B respectively. Similarly, the re lat ive 

dis tr ibut ion of different samples fa l l ing under different 

range values are reported in tables 15-A and 15-B and graphi­

cally presented in Flg.2#( 

Total boron? 

The data reported in table 18 Indicate that the to ta l 

boron contents of s o i l s of Maharashtra vary from as low as 

2.75 ppm in Shrlwardhan s o i l In zone I-B to as high as 23.90 

ppm In Stiolapur s o i l in sone IV-B (which Is derived froa basa l t ) . 

The average value observed for the whole State, based on 49 

s o i l samples Is 9 .41 ppm. On agro-climatic zone basis , zones 

I?-B* I I , V-B, VI and I~A showed higher status for tfeefcr tUis 

fract ion, while zones 11* A, I I I , I-B and IV-A showed lower values. 

A« seen froa the data reported in tables 15 A and 15 B, 49 

percent of the t o t a l s o i l samples f a l l in the range of 5-10 ppm, 



?»**«„ 3* 
Boron s t a t u s of » o l l a of, Matharaahtra S t a t e 

Location 

1 2 

Xvairaio 
annual 
r a i n f a l l 

(ana) 
„ ,3 

"doll'pB.1 

4 

Total Water so lub le 
boron boron. 

<ppm> fppm) 
5 6 

Zone I -B 
I I gatpurl 0841,00 8 . H 10.81 0 .55 

2 Khopoli 8878.60 6 . 9 4 . 1 2 0 .43 

3 P&nvel £941.20 7 . 1 20.00 0.70 
4 Dahanu 1759,00 7 . 8 7 .15 0 . 2 0 
8 Palghar 2584.80 6 .9 5.50 0 .68 
6 Shriwardhan 2527.5G fi.7 z.f$r 0.10 

Average: 2697.03 6 , 7 8 .35 0 ,48 

Zone I-A 

7 Ratnaglr l 2687.00 5 . 4 4 . IE 0 . 1 8 

8 fpidhanagarl S317*80 6 , 8 15.00 0.69 
9 Dapol i 8388.00 5 , 1 12.10 0.17 

10 Ajara 2676.62 5 .g 0 . 1 4 

Avoragtf 3131.62 5.6 &* 32 o.as 
Zone-11 

11 Medha 1788.40 6 . 9 17 .08 0 . 3 2 

I S Paud 1518. 80 7 . 0 5 .50 0 ,85 
18 Vadgaon 1147.00 7 ,6 8 . 8 0 0 .85 
14- Average 1488.30 7 .0 30,48 0*84 
Zone I I I 

14 Poona 678.00 7 ,8 7*85 0*20-

18 Dhond 480.75 7 .8 11 ,00 0,17 
18 Dhul ia 609 .60 8 . 0 3.88 0 . 1 4 
17 «Teur 809.60 8 . 1 13.20 0 .19 
IS Chas 681.90 8*2 4 ,98 0 .10 
19 Indapur 805.00 8 .00 5*50 0 . 1 0 

Average 570.84 8 , 0 0 7 . 7 2 0*16 

z®»« i * - l 
20 Chopda 788.60 7 .9 11 .85 0* 24 
El Bhlr 686.80 8 . 1 10 .40 0,68 
22 Sholapur 886.80 8 U 20.90 0 . 9 3 
28 Jalgaon 778.00 8 . 0 8 . 2 5 0 .14 



W>1» 18 contd. 

1 2 

84 Bailnapttr 

Zona IV*A 

25 Washira 

26 Parbhanl 

27 Akola 

28 Hlngo l i 
29 Latur 

Average 

Zone V»B 

50 Naa?ur 
51 Yeatwal 

32 Nanded 

38 WanSha 

Average, 

Zon« V«»A 
mmmmmmmmmmmmmmm 

34 dhanda 
35 Bhandara 

Averager 

Zone VI 

38 Gondia 
87 Gadchlroli 

39 Afflgaon 

39 sindewahi 

40 Vlhad 

S 4 
1 a • I . ii , i • ' ii i 

685.80 7 .8 
718.80 8 . 0 

914.40 7 . 8 

868.70 7 . 7 

812.80 8 . 1 

812.80 7 .8 
809.90 7 .7 
842 .92 7 .8 

1248.00 7 .6 
1092.80 7 . 7 

939.80 7 .9 

1001.00 7 .8 
1088.78 7 . 7 

1384.00 5 .8 
1422.40 5 .4 

1378. SO 5.6 

1597.00 5 .7 

1534.10 5 . 5 

1388.20 5 . 8 

1549.40 5 .4 

1870.00 7.4 
1470.00 5 .8 

5 6 

12.50 0.96 

12.78 0 .47 

7 . 7 0 0 .58 

10.40 0.87 

18.68 0.45 

8 . 5 4 0 .85 
5 .50 0 . 8 3 
8 .95 0.96 

11.00 0 .48 

14.85 0 .87 

4 .95 0,84 

10 .55 0 .38 
10.34 0.S8 

7 .70 0 .10 
5.78 0 .34 

6 . 7 4 0 . 1 8 

8 . 5 5 0 .15 
8 . 8 5 0.30 

18 .55 0 .17 

30.35 00 .15 

8 . 8 0 0 .20 

9 .70 0 . 1 5 
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37,5 percent of the so i l samples fa l l under the rang* of 

10-15 ppm, and 10 percent of the samples show a status less 

than 6 ppm; only 7.6 percent of the total samples shew the 

range higher than 15 ppm. The values for total boron recorded 

in different agrc-climatic zones of the Maharashtra State 

as well as the average values for the State fbased on 40 

samples) arc in agreement with the values reported by Bendale 

jtt ££,( 1951) for Bombay State so i l s . The values reported in 

present study for this fraction are in accordance with ttie 

values reported by various workers in the country* But the 

values under study are much less as compared to values reported 

by Agarwal (1963,1964) for Uttar Pradesh soil*. 

A glance at the data reported for total boron in table IE, 

suggests that the total boron content of so i l s of Maharashtra Is 

adequate and well within the safe limit. 

Water soluble borons 

A very small portion of the total boron present in the 

s o i l s i s in a water soluble form constituting about 3.86 percent 

of the total boron as seen from the table 14B. From the data 

presented in table IS. the lowest values for this fraction of 

boron on individual basis i s 0.10 ppm and i s amn in case of 

s o i l s at Chas, Indapur, Cfranda and Gadohiroli from zone I*Af 

V.A and VI respectively. ifiile the h i # e s t level of this 

fraction 0.93 ppm i s seen in case of so i l s of at Sholapur 

(from zone IV*.B). The average value observed for whole State 



?w« 13 
Total and 

flgg". 
water tolttbl i boron in aoll t t from d i f f e r e d 
pro* climatic Zonae of Maharashtra State . 

S.Mo. Agra- No.of 
clima sample* 
t i e analy-
Zone sod 

Total boron Water soluble boron 

*tt!& Ave* Wnl {mH*xl Avo» Mini 
iHum rauni rage sum aua rage 

1 I~B 

8 I-A 

3 I I 

4 I I I 

5 IV-B 

8 IV-A 

V.B 

8 ¥»A 

9 VI 

6 

S 

9 

8 

8 

2.76 83.00 8.83 0.3d 0.70 0.48 

IS 15.00 9.32 0 .18 0.89 0, 

8. 

8 

8 

80 17.05 10.45 0. 

85 

78 

0.S8 0.84 

85 18.80 7.78 0.10 0.20 0.18 

85.90 12.72 0.14 0.98 0.47 

50 18.68 8.95 0.87 0.58 0.86 

95 14.85 10.84 0.84 0.48 0 .88 

7.70 8.74 0.10 0.18 0.18 

85 18.55 9.70 0.10 0.80 0.15 

Averages 9.3S 0.29 
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Table 14 A 

Average values for gtosle^caealeal properties 
of soi ls of Maharashtra S t a t e * 

m n u n • ' " • • ! • » • • ' i in i- 'ii. i i m i ii i JIM i n ' 

Attribute Minimum ite-ximum Average value 
value value (40 sanples) 

1) so i l pH 5.1 8.2 7.08 

2) % organic 

carbon 0.39 1.80 0.71 

8) % olay 22.70 51.50 44.81 

4) * Free CaCO Nil 6.19 1.74 
8 

5) Total boron £.75 80.9 9.41 
(ppa) 

6) Water soluble 0.1030 O.98B0 0.8986 
boron (ppa) 
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Is 0.31 ppm. Between the different zones, zones I-B, IV-B 

and IV*A show higher level of available boron as eompared to 

others. The figures reported In tables ISA and 15B indicate 

that 31 percent of the total so i l s studied in the present 

Investigation fa l l in the range of 0.0 to 0.1 ppm, 11 percent 

of the samples show a status more than 0.1 ppm, 10 percent 

more than 0.8 ppm and 1.0 percent above 0 .3 ppm. The 

average as well as individual figures reported in the present 

study agree well with the standard figures suggested by Hi chard 

et al , (1954)* In general, i t can be ae%n that the water 

soluble boron in so i l s of Maharashtra i s well within the safe 

limit suggested by the above authors. The data in the present 

study on water soluble boron hold good with the data reported 

by Bendale f t al . ( 1951) for the so i l s of Bombay State. However, 

the values for water soluble boron for the Maharashtra State 

are less than those reported by Kanwar and Singh (2061),Singh 

( 3969) and Bhuabla and wair (1965) for Punjab s e l l s . 

Inspite of wide range of values for each fraction In 

different so i l s and In different zones, the so i l s from zones 

IV-B, V-B and I I are richer in both the fractions of boron 

studied in the present investigation) while those from zones 

IV-A and VI are lower in the average values for each of the two 

fractions. There i s no direct effect of the parent material 

on the different levels of boron. However, based on the 

f itahiiri j 



Table X4-ff 

Relationship between water soluble and total 
boron m so i l s . 

S.No. Locality Water aoXttbXa boron x 200 Average 
Total boron value % 

Zona I-B 

I Igatpuri 5 .33 

2 Khopoli 11*66 

3 

4 

Panvel 

Dahanu 

8.50 

2.97 
#•56 
percent 

5 Palmar 18.39 

6 Shriwardhan 

Zone I* A 

3.74 

7 Ratnaglri 3.93 

8 Radhanaglri 4.53 3.05 
9 Dapoll 1.48 percent 

10 Ajar a 

Zone XI 

2.27 

11 

12 

Madha 

Paud. 

1.94 

6. 35 
4.09 
percent 

13 Vadgaon 

Zona IU 

3.98 

14 Poona 2.55 
15 Ehond 1.58 
16 

17 

Dhulla 

Jour 

1.35 

1.45 

1.80 
par cent 

IS Chaa 2.08 

I t Indapur 1.87 



Table 14-B eontdi 

S.No. Local i ty Water so lub le boron xlOO 
Tota l boron 

Average 
va lge % 

" ' Zone* K M 
SO Chopada 2.09 
e l Ehir 6 , 6 1 

28 Sholapur 
S3 Jalgaon 
24 Badnapur 

4*44 

1.66 
2.88 

percent 

Zone IV-A 

25 Waahlm 6*70 

26 Parbhanl 2,61 
27 Akola 3*58 %• 3ft 

SB Hingol i 2 .93 percent 

£9 Latur 5*92 

Zone V-B 

30 Nagpur 4 .37 

S i Yeotraal 1*85 
3.54 

32 Handed 4 .87 percent 

S3 Wirdha 3.08 

Zone V-A 

34 Chanda 

86 Bhandara 

1,34 

2* 33 
1.86 
percent 

Zone VI 

36 Gondla 1.75 
37 Gadchiroli 1*25 

38 Amgaon 
39 Sindewahi 

1.37 
1,47 

1.62 
percent 

40 Vihad 2.87 

Overall Average : 3*33 percent* 



Table ISA 
Rating of s e l l samples In different categories of 

total boron. 

{ Total number of soi l samp lea 40 ) 

fraction 1 * 0 5 - 1 0 1 0 . 16 1 5 - 3 0 
°* boron

 M <%>•) . teF"! . M , , iwfl . , 
HO. Of £ « > • Of % NO,Of £ M O , O f £ 
sample* samples samples samples 

Total 
boron • 15 16 40 IS #r»8 S ?*S 

Table 3SB 

Rating of so i l samples in different categories of 
water soluble b o r o n 

( Total number of soi l samples 40 ) 

Fraction 0 . 1 - 0 . 8 0.3 - 0.6 0.6 

no. of % No. of; % N o . of % 
samp lee samples 3 an?) lea 

water 
soluble £4 60 11 27.5 5 12.5 
boron 



F I 6 - 2 

RATING OF SOILS SAMPLE IN OIFFERBNT CATEGORIES OF VARIOUS 

FRACTIONS OF 3 0 R 0 N 

J o t o l Bprpn 
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present observations in tableC 3£-A)» i t can be said that 

the s o i l s derived from basalt are richer in both the 

fract ions of boron, while the s o i l s derived from mixed 

parent material show a poor trend for both the fractions. 

The s o i l s from l a t e r i t i c origin show an intermediate trend, 

SECTIOH I-C 
Total and water soluble boron in different 

d i s t r i c t s of Maharashtra State """ 

The scrutiny of the data reported in table 3£ and 

graphically presented in f i g . 3 indicates that the total 

boron in different d i s t r i c t s of Maharashtra State ranges 

from as low as 2.75 ppa in Kolaba d i s t r i c t t o as high as 

20,90 ppm in Sholapur d i s t r i c t . The s o i l s from d i s t r i c t s 

l i k e Sholapur, Satara, AJJrangabad, Yeotmal and Nagpur contain 

a fa i r ly high proportion of to ta l boron than the s o i l s 

from Ahraednagar, Thana, ^anded, Poena and Dhulia. The average 

t o t a l boron content in different d i s t r i c t s of Maharashtra i s 

9 . 2 1 ppm. The figures reported above are in accordance with 

those of Bendale j | t a l . (1951), 

A glance at the data presented in table 18 and graph!* 

ca l ly presented in Fig.4 indicates that the average value 

for the water soluble boron in different d i s t r i c t s of 

Maharashtra State i s 0.S3 ppm which i s below safe limit of 

0 .7 ppm suggested by Richard et a l . {1954) . The range value 



Table 16 
Total and water soluble boron la so i l s 

of Maharashtra State 
different distr icts 

3 . No. Local i ty No. of 
samples 
analy­
sed 

T o t a l b o r o A i k t e r so luble boran 
(opa) 

Local i ty No. of 
samples 
analy­
sed 

Mini 
raum 

Ma.xl Aver Mini Maxl Average 
mua - a g e mum «»Qun 

X Thana 2 5.50 7 .16 6 .82 0.3D 0.69 0 .44 

2 Kolaba 8 2.76 20.00 8 .96 0 .10 0 .70 0 . 4 8 

8 Ratnaglri 2 4 .12 12.13 8 . 1 1 0 . 2 8 0 .17 0 .15 

4 Kolhapur 2 6.08 15 .00 30.& 0 .14 0 .69 0 . 4 1 

S Bhul ia 1 • • 3.85 3.85 0 .14 0 .14 

6 Naalk 1 . • 10.81 10.81 . . 0.55 0 .51 

,7 Ahmednagar 1 • • 4._95 4 .95 . . 0 .30 0 . 1 0 

8 Poona 5 5*89 11.00 7 .38 0.10 0 . 8 5 0 . 2 8 

9 Satara 1 • • 17.05 17.05 . . 0 . 3 2 0 . 3 2 

10 Jalgaon 2 8*25 11.55 9 .90 0 . 1 4 0 .24 0 .19 

11 Aurangabad 1 • • 12.50 12.50 • • 0 .86 0.35 

IS B i i r 1 • • 10.40 10.40 0.69 0 .69 

18 Sholapur 2 18.20 20.90 17.05 0 .19 0 .92 0,53 

14 Akola 2 7 .70 12 .62 10.16 0 .45 0 . 5 1 0 .48 

IS Parbhani 2 8 . 5 4 10.40 9 .47 0 .25 0 .27 0 .26 

16 Osmanabad 1 t * *•»;•_-< • 5.50 5.50 0 .32 0 . 3 2 

17 Nagpur 1 • • U . 0 0 11.00 . . . 0 .48 0 .48 

IS Wardha 1 • . 10.55 10.55 . . . 0 . 3 2 0 . 3 2 

19 Yeotmal 1 • » 14.85 14.85 . . . 0 .27 0 .27 

SO Handed 1 • • 4 .95 4 .95 . . . 0 .24 0 .24 

21 Chanda 4 7 .70 10.35 8 .77 0 . 1 0 0 .20 0 .14 

22 Bhandara 8 8 .56 12 .55 8 .96 0 . 1 4 0.17 0 .15 

Average: 9,21 0.33 



T
O

T
A

L
 

B
O

R
O

N
 

IN
 S

O
IL

S
 

P
R

O
M

 
D

IF
F

E
R

E
N

T
 

D
IS

T
R

IC
T

S
 

O
P

 M
A

H
A

R
A

S
H

T
R

A
 S

T
A

T
E

 

S
c

a
le

- 
1 

P*
»*

*>
 =

 1
 c

n
. 

n
 



•n 

i: 

I 
-I 
m 
JO 

o 
r 
C 
G> r m 
IP 
O 
JO 
o 
z 
z 
t* 
o 
r 
tp 
•n 
» 
O 
2 
o 

m 
» 
m 
2 
-I 
O 

o ft 

2 
> 

« > 
o I 

- H 
3 > •• 

- «2 3
 5 

m 



Table 36-4 

Boron status of s o i l * d T l v d from different parent 
materials. 

3.No. Physico Basaltic (29) Granitic Later!t ic (4) 
chemical Zones I -B , I I , Gnelses Zone I*A. 
character IXI,IV«BfIV»A (7) Zone 
• i s t i e s V*B. V-A, VI. 

pH 7.6 

S Organic 0.66 
carbon % 

3 Free lime % 8.75 

4 Clay % 42.15 

5 Total boron 
(ppm) 9.75 8 .23 9«8£ 

6 Water soluble 
boron 0.35 0.13 0,23 

(ppo) 

5.3 5.6 

0.77 1.48 

Traces N1U 

32.87 40.32 

Total boron Basalt ic soil)> Later!t ic / Mixed parent 

Vl&ter solube Basaltic s o i l > Latcrit ic y Mixed parent 
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of th is fraction la from traces to 0,92 ppm. the lowest 

value observed 0.10 ppm i s in so i l s of Ahmednagar district 

while n i c e s t value 0.#f ppm in so i l s of Riir distr ict , the 

s o i l s from districts l ike thana, Kolaba, Kolhapur, Naslk, 

&iolapur, Bhir, Akola and Nagpur found to be rieh in this 

fraction than the eoi ls from other distr icts . the values, 

individual and average, observed are well within the safe 

limit, thus i t can be said that, both the fractions of boron 

are in adequate quantities in different districts of Mshara* 

shtra State. 

The values for both fractions of boron obtained in the 

present investigation are somewhat lower than those reported 

by Atre (i960) for Vidhartha so i l s , while the values are higher 

than those obtained by Raut (1962) for typical soi l profiles 

of Nagpur Division. 

Relatlonshin between dlfferent fracti one of Boron and 
W soi l attributes like organic carbon, clay contffg, 
pH and free lime in the soils? 

After assessing the status of each fraction of boron in 

so i l s from various agro* climatic zones of Maharashtra State 

and their probable relationship with the factors like parent 

material, i t was fe l t necessary to see whether the Individual 

fractions of boron show any direct relationship with any of the 

Important so i l attributes like organic carbon, pH, free lime 

contents and percent clay. the data reported In table U was 

re cast ed and Is presented in table 17 to show the relationship, 

i f any, between organic carbon, pH, free lime and clay percent 
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Table 17 

between total ana 
efficient for ah owing the relationship 

water soluble ooron ana the various 
a o i l attributes* 

Factors under study r values 

1) Water soluble boron and pH Q.lgro 

2) Water soluble boron and 
organic carbon (£) 0*0683 

8) Water soluble boron and 
clay (percent) 0,044? 

4) Total boron and pH 0.53S0 

8) Total boron and organic 
carbon 0.0066 

e> Total boron and clay percent 0.07698 

and the different fractions of boron. 

The glance at the value reported In table 1? Indicates 

that tiiere Is no apparent relationship between different 

fractions of boron and the soil attributes stated above. 

Under Indian conditions, dianl and Haque (1948) working wi th 

so i l s of B&st Bengal, Btattacharjee (1956) working with 

Murshldabad soi ls (West Bengal)} and Gandhi and Hehta (1968) 

working with Gujarath and Saurashtra so i l s found no relation* 

ship with so i l pH, organic carbon and Ca003 with the water 

soluble boron in the soils* The results In the present 

Investigation t a l l / very well with the above workers. Howeever* 

the results are In conflict with those reported by Pallwal 
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and Anjineyulu (3967) in Delhi so i l s , Slngi (2969) and 

Orewel et a l . (I960) in Punjab so i l s and Mathur (1964), 

Baser and Saxena (1907) in Raja3than soils* 

General Conclusions 
m^mmmmmimmmun ************************ 

Based on the data reported in tables 12,13, 14A, 14B, 

15A, 15B, l©\9, 16 and 17, the following broad conclusions 

can be drawn: 

1) In respect of total boron, i t ranges from 2.75 ppra 

to 83.9 ppm with an average value of 9.41 ppm. 

S) Forty percent of the so i l s studied in the present 

work fa l l in the range of 5*10 ppm and 97 percent of the 

total so i l s studied fa l l in the range of 10 - IS ppm. 

3) The basaltic so i l s are l i t t l e bit hlgier in their 

contents of total boron (9.7S ppm) as against 9.32 ppm in 

later i t lc so i l s and 8.23 ppm in so i l s derived from mixed 

parent material. 

4) Hie water soluble boron in different soi ls varies 

from 0.10 ppm to 0.98 ppm with an average value of 0.31 ppm, 

5) The water soluble boron constitutes on an average 

3.38 percent of the total boron. 

fi) Sixty percent of the total so i l s fa l l in the range 

of 0.1 - 0.S ppm. 

7) The basaltic so i l s contain more amount of water 

soluble boron while la ter i t lc less and the so i l s derived from 
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mixed parent material are least In their boron contents. 

8) There la no speci f ic trend of s o i l s fa l l ing in 

different ranges of water soluble boron. 

9) In respect of a l l the fractions of boron, the s o i l 

derived from nixed parent material show a lowest value* 

10) Based on the values reported by other workers, s o i l s 

of Maharashtra State are adequately supplied with boron. 

11) No relationship i s found between s o i l attr ibutes 

l i k e organic carbon, free lime, clay, s o i l reaction of the 

s o i l s and the l eve l s of boron in the present work, the 

re su l t s agree well with some workers while they are in 

conf l ic t with others. 

Boron In Irrigat ion water: 

the ground wel l water samples collected from different 

d i s t r i c t s of Maharashtra State were analysed for their pH, 

t o t a l soluble s a l t s and chemical composition of dissolved 

s a l t s , the resu l t s pertaining to the above analysis are 

presented in table 83. the boron content of wel l waters 

i s reported in table 28 and graphically presented In f ig .5 . 

the data reveals that the average boron contents of 

well waters from different d i s t r i c t s of Maharashtra State 

vary from as low as 0.085 ppm in AJcola 41 s t r i c t t o as high 

as 0.81 ppm i n Qiulla d i s t r i c t . the well waters from 
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Table 28 
in-mi—tmmmmmm» 

different districts of Maharashtra State. 

S.No. Locality Ay. No.of Boron In well watera(ppra) 
pH. sample • Mini 

taum mum 
Average 

1 Dhulla 8 . 8 28 Traces 2. 1 0 . 8 1 

s Poona 7 , * 25 Traces 0.27 0 . 1 1 

3 Sangl i 7 .0 5 0 ,065 0 .27 0 .10 

4 Ja lgaon 7 .4 29 Traces 2. 81 0 .27 

5 Sholapur 8 . 3 24 Traces 1 . 2X 0.26 

6 Akola 8 . 8 24 Traees 0 ,27 0.088 

r Buldhana 8 . 6 29 Traces 0 ,44 0 , 1 2 

3 Amraoti 8 , 7 33 Traces 0 ,77 0 .17 

Average: 8.2 0,38 

Dhulla, Jalgaon, Sholapur districts contain a fairly high 

proportion of boron, however, i t Is well within the safe 

Un i t . (Ma-gistad and Christ ens en, 1944). Wille the waters 

from distr icts l ike Poona, Akola, Sangli, Buldhana and 

Amraoti show a lower proportion of boron in the a. The over* 

a l l average for boron in well waters based on 192 sanples 

i s 0*18 ppa. The figures recorded in the present investi­

gation agree very well with the figures quoted by M&gistad 

and Christensen (1944). The standards prescribed for boron 

in Irrigation waters by the above workers are*the waters 

containing 0.1 to 0.5 ppm of boron in them are suitable for 



F
I6

-5
 

B
O

R
O

N
 

IN
 

W
E

L
L

 
W

A
T

E
R

S
 

P
R

O
M

 D
IF

F
E

R
E

N
T

 D
IS

T
R

IC
T

S
 O

F
 M

A
H

A
R

A
S

H
T

R
A

 
S

T
A

T
E

 



fab le 19 

Bating of well water samples in different c a t e g o r i c of 
• b o r o n 

Category No.of samples fa l l -
ing under category 

Percent 

z 0.3 - 0.6 274 

I I 0 .6 - 1.0 IS 

I I 1.0 - 1.5 1 

I? 1.5 - 2.0 1 

V 2.0 . 2.5 3 

93.84 

4.45 

w . cm 

0.94 

1.08 

0 892 100.00 

Cateaoipr I : < Bib. of samples 274) 

e.o - o.i % o.i - o.g : 0 . 2 - 0 , 8 s 0 . 8 - 6.T" 

No. of Percent Mo. of Percent 
sa«>l«s s a b l e s 

No. of Percent No. of Per-
sanples samples cent 

222 81.02 99 10.92 IS 5.85 1. 0. 

"s 0.4 - 0.5 
Sables Percent 

8 

: 5 1*83 

Category II : (No.of samples 18) 

9 .5 -0 .6 - -0«<U0«7- - -0 .7-0.8- - -0»8-0*9- - -0*9- -l.Q - - » • 

No.of * No. of * No. of • No. of » 
samples samples samples samples 

No. of * 
samples 

8 28.08 2 15.33 6 36.46 3 23.08 

* * percent. 
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most plant under moat conditions and are of excellent quality. 

Those containing 0.5 to £.0 ppm are good to Injurious and 

probably harmful to moat crops. The waters haying more than 

£.0 ppm boron are injurious and suitable for irrigation purposes. 

Mathur (1964), a l so found the same observations. From the 

standards suggested by the above workers, I t can be seen that 

the wel l waters from a l l the d i s t r i c t s under study are well 

within the safe l imi t . 

The values given in table 19 indicate that SI percent 

of the t o t a l water samples f a l l In the range of traces to 0 .1 

ppm, 11 percent in the range of 0 .1 to 0 .2 ppm and 6 percent 

of the to ta l water samples show a status more than 0.2 ppm. 

Very few samples f a l l above 0 . 3 to 0.5 ppm range. 

The scrutiny of the data presented In table 20 shows 

that the average pH of wel l waters from different d i s t r i c t s 

of Maharashtra vary from 7.6 in Poona d i s t r i c t t o 8.9 in 

i&ola d i s t r i c t indicating that they are alkaline to moderately 

alkal ine in reaction. The overall average for pH based on 

29£ samples Is 8 . 2 . The well waters from d i s t r i c t s l ike 

Akola, Amraoti, BJdhana and Dhulia show a hl^ier level of pH 

than the others. The values for pH as observed in the present 

work are In accordance with those reported by Babrekar jet al* 

( 1965) for well water samples col lected from College Parm,Ihulia. 

The data also reveals that the average carbonate contents 

of ground well waters vary from traces to l .fis meq/litre. 
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The overall average being 0.846 meq/ l i t r e . the well 

waters from d i s t r i c t s l ike Akola, Amraoti and Buldhana 

show a higher l e v e l for their carbonate contents than 

the others. The average bicarbonates In well waters 

from different d i s t r i c t s of the State vary from 5.72 meq/ 

l i t r e In Poona d i s t r i c t to 9,89 meq/litre In Akola d i s t r i c t . 

The overal l average being 7.28 aaq/leitre*. The average 

chlorides In well waters f a l l in the range of 4.19 meq/ 

l i t r e In Buldhana d i s t r i c t to 57.46 meq/litre In Sholapur 

d i s t r i c t with an average value of 18.87 meq/litre. The 

range of to ta l soluble s a l t s Is from 481 ppm to 2988 ppm, 

with an average value being 392 ppm. Most of the samples 

show higher values than that i s prescribed for the safe 

l imit U.3.D.A. (1947). The lowest and h la tes t values 

for different attributes for wel l waters from each d i s t r i c t 

are given In appendix-A. 

In the present Investigation, the waters have been 

c la s s i f i ed according to U.S.D.A. c lass i f i ca t ion (1947). In 

t h i s c la s s i f i ca t ion e l ec tr i ca l conductivity and 3.A.R. 

values are taken Into consideration and the standards pre* 

scribed for those values are as underJ-

l l e c t r i cal conductivity 
lallllmhos/cm at 85°C. 

Class Interpretation 

Less than 0.25 
0«25 to 0.75 
0 .75 to 2.25 
2.25 and above 

S.A.R. valuest 
6 to 13 * 

10 t o 18 
18 to 26 
26 and above 

C 1 Excellent 
C 2 Good 
C 3 Doubtful 
C 4 Unsuitable 

S 1 Low 
S 2 Medium 
S 3 High 
S 4 Very high 
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Various workers have tr ied t o modify the cr i ter ia for 

c la s s i f i ca t ion of irrigation waters. Keller (1963), considered 

important aspects such as osmotic pressure, effect of replace­

able cations of the s o i l and the effect on the rat io o f cations 

i n the s o i l solution in relat ion to plant growth. According 

t o Richard (1954), the most Important characteristics of an 

i rr iga t ion waters are i 

1) the t o t a l concentration of s a l t s , 

11) re la t ive proportion of Na /other cations, 

111) concentration of spec i f ic elements l ike boron 

and under certain conditions, 

iv) the blcarbonates as related t o concentration 

of calcium and magnesium. 

Categorisation of water was done in various ways. Purl 

(1949) , c lass i f i ed waters on the basis of sa l t indices . Asghar 

and Ehawan (1947) correlated the sa l t index with to ta l soluble 

s a l t s } Ca/Na ratio.: and pH values. Eaton (1990) categorised 

them according t o the residual a lkal in i ty . A comprehensive 

c l a s s i f i c a t i o n as suggested by Wilcox (1948) taking Into 

account the spec i f i c conductance and exchangeable sodium per­

centage for Judging the quality. Thome and Patterson (1954) , 

have suggested an Improvement upon t h i s by c lass i fy ing waters 

into sa l in i ty grades in terms of S.A.R. Darra et ail.(1963), 

Shankarnarayan et a l . (1965) and landey and Marty (1967) have 

tr ied to modify the c lass i f i cat ion fbr the quality of under­

ground waters under Indian conditions. However, in the present 
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work t h e c l a s s i f i c a t i o n has been done based on U.S.D.A. 

c lass 1 fl ea t i on (1947) • 

Iftiile judging these water samples In the l i g h t of t h e i r 

sodium adsorpt ion r a t i o (S.A.R.)» r e s i d u a l sodium carbonate 

(R.S.C.) and soluble sodium percentage (S .S .P*) , i t i s found 

t h a t a l l t h e water samples studied f a l l within the safe l imi t 

of S.A.R. 0.10 (S3) as suggested by Durand (1958). In 

respec t of res idua l sodium carbonate (R.S.C.) excepting water 

samples from d i s t r i c t s l i k e Poona, Sang l i , Ja lgaon and Sholapur, 

t h e r e s t of them f a l l above the safe l imi t of 2.5 raeq/litre 

as suggested by Wilcox (1986). Likewise, the r a t i o between 

Na t o (Ca • Mg) exceeds t h e safe l imi t of 1.0 (Kelley,1968) 

in most of the cases. Soluble sodium percentage ( s .S .P . ) i n 

a l l t h e cases i s more or l e s s the same except i n Poona and 

Sangll d i s t r i c t s which show a lowest level of S.S.P. than t h e 

other d i s t r i c t s * In majority of the cases , the S.S.P. i s 

l e s s than 60 percent which i s below t h e c r i t i c a l l imi t suggested 

by Sharma (1963). The range of s .S.P. I s between 21.21 t o 

68.50 percent with an average value of 49.89 percent . 

The s t r i k i n g feature of t he a n a l y t i c a l da ta presented 

i n t a b l e BO i s t h a t t h e concentrat ion of magnesium as compared 

t o calcium i s high i n a l l cases excepting water samples from 

Poona d i s t r i c t . Likewise, the values for Ha In r e l a t i o n t o 

Ca exceeds t h e safe l imi t i n a l l t h e cases excepting i n Poona 

and s a n g l l d i s t r i c t s as propounded by Kelley (1968)* The*a"Uo 
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of Na t o (Ca + Ug +K) Eaton ( 1950) exceeds the safe l imit 

of uni ty In majority of the samples excepting in Dhulla, 

Poona and Sangll d i s t r i c t s ; while the r a t i o of Na t o (Ca+Mg) 

(Ke l l eys ' Na rat io,1940) i s a l so found t o be beyond unity in 

most of the samples* The r a t i o of Na t o (Ca+Mg+K) ranges from 

0 .22 t o 2.18 with an average value of 1,22, while t h e r a t i o 
to 

of Na^Cca+Mg) va r i es from 0.22 t o 2.57 with an average value 

of 1.29, 

The e l e c t r i c a l conductivity of the water samples from 

d i f f e r e n t d i s t r i c t s of Maharashtra S t a t e f a l l within the range 

of 0.76 millirnhos/cm in Buldhana and Poona d i s t r i c t with an 

average value of 1,27 millimhos/cm. In a l l the cases, water 

samples f a l l under t he category C s as suggested by U.S.B.A, 

c l a s s i f i c a t i on (1947). 

flfoen boron i s considered in judging the qua l i ty of water 

samples, a l l t h e water samples f a l l within the safe l imit of 

0 . 1 - 0 .5 ppm as reported by Magi s tad and Christens en (3944) 

and Mathur jet a l . ( 1964). The water samples from a l l the 

d i s t r i c t s the re fo re f a l l under the Category-1. 

The data reported i n table 20 reveals tha t the re i s no 

apparent r e l a t i o n s h i p between the pH and boron contents of the 

water samples. With the h i t l e r values of S.A.R. there i s 

subsequently higher level of boron concentration in the water 

samples. I t i s a l so observed t h a t a t h i t l e r l e v e l of R.S.C«, 

t h e boron content seems to be more. There i s no re la t ionsh ip 
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between the 5.S.P. valuta and boron contents of wall water 

samples. Ho apparent relationship was found between total 

so luble s a l t s and the boron content of the well waters. 

In the present report, the most of the water saoples 

analysed, show the quality as CgS ĵ U.S.D.A. sa l in i ty 

Laboratory (1947)• The boron concentrati on seems to be below 

the safe l imit prescribed by above authority and a l l the waters 

are of good quality in respect of boron content. 

The underground water sanples from different d i s t r i c t s 

of Maharashtra are not so harmful as compared to the under ground 

waters from Ragasthan (Darra,1963) or well waters from Punjab 

(Dhawan jet al.1957) , U.P.(Agarwal et al ,1956). In re lat ion 

t o s a l i n i t y hazards (S.A.R.) , the waters are of good quality 

(S^) while the most waters f a l l under the category Cg in respect 

of B.C. values* With l i t t l e care and proper management these 

waters can safely be used for Irrigation purposes. 

general Conclusions ; 

Based on the data reported in tables 18, 19 and 20 the 

following bread conclusions can be drawn; 

D The boron in wel l waters from different d i s t r i c t s of the 

Maharashtra State varies from 0.085 ppm t o 0.31 ppm with an 

average value of 0.18 ppm. 

2) Eighty one percent of the wel l waters studied in the present 

invest igat ion f a l l in the range of traces to 0 .1 ppm, 11 percent 
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in the rang* of 0 ,1 - 0 . 2 ppm, 6 percent In 0 .2 to 0*3 ppm and 

very few samples show a range more than 0 .8 to 0 .8 ppm. 

8) The well waters from d i s t r i c t s l ike Ehulia^algaon 

and Sholapur are higher in their contents of boron as com­

pared to other d i s t r i c t s . 

4) Amongst the d i s t r i c t s studied,the wel l waters from 

Sangll and Poona, show the lowest value for the ir boron 

contents while waters from Dhulia are highest. 

0) The pH of the waters under study varies from 7.4 t o 

8*8 with an average value of 8 . 2 . 

6) The waters from d i s t r i c t s l i k e Akola,Amra©ti» Buldhana 

and Sholapur show higher pH than the rest of the d i s t r i c t s . 

7) The to ta l soluble s a l t s of the waters studied, range 

from 481 ppm to 2038 ppm with an average value of 892 ppm. 

8) The waters from d i s t r i c t s l i k e Sholapur, J alga on, Sang l i 

and Amraoti are higher in their T.3.S. as compared to other 

d i s t r i c t s . 

9) The carbonates in different well waters vary from 

traces to 1.28 meg/l itre with an average value of 0.84 meq/litre. 

10} The amount of bicarbonate in different wel l waters 

ranged from 5.72 meq/litre to 9.89 meq/litre with an average 

value of 7.28 meq/ l i t r e . 
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IX) The rang* of chlorides in different waters i s from 

4*9 meq/l i tre t o 87.46 meq/Xltre with an average value of 

18,27 meq/ l i tre* 

IS) The values for magnesium i n waters i n relat ion to 

calcium are higher in most eases. 

18) The rat io between Ha to (Ca +Mg) • Kellers' Na rat io 

exceeds the safe l imit of unity in majority of samples* 

14> A l l the water samples fa l l below the safe l imit of 

S. A, R. values 0-10 (Durand 1956). 

10) Fifty percent of the water samples f a l l below the 

safe l imit of 2.5 meq/litr« of residual sodium carbonate while 

50 percent show more R.S.C. than the safe l imit (Wilcox, 1955). 

16) The soluble sodium percentage in a l l the cases i s mere 

or l e s s the same excepting few and in most eases wel l within 

the safe l imit of 60 percent (3harma,1963). 

17) All the water samples under study show the quality as 

c 3 s 1» U*S*D* A# c l a « a i ** c a t t i o n * 1 9 4 7* • 

18) No relationship between boron and pH, 3 .3 .P. and 

T . s . s . i s observed while there i s an apparent relationship 

between R.S.C. and 3.A.R. in some cases. With the increase 

in these values, there i s subsequent increase in the boron 

concentration. 

19) The water samples in a l l cases are alkal ine to modera­

t e l y alkal ine in reaction. 
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20) In respect of to ta l so l Ida, majority of the sample* 

exceed the safe H a l t of 600 ppm, (U.S.D.A. ,1947). 

SSOTOS I I I 

Uptake studies on hybrid baira grown under f ield 
condlti one 

The f i e l d t r i a l was conducted on a medium black cal­

careous s o i l s with hybrid bajra as a "test crop with a view 

t o determine I t s boron requirements. The crop received 

doses of N,P, K and usual doses of micro-nutrients. 

At flowering stage, one plant from each sub plot was cut 

c lose t o the ground, dried In the shade, then in the oven at 

low temperature and after grinding t o a fine powder, i t was 

ttsed for the analys i s . At harvest, four plants from each 

sub-plot were cut c lose to th* ground, Immediately weighed, 

dried In the shade and then in the oven, again weighed and 

af ter grinding, the samples were used for determining boron 

in thesu The boron was estimated separately from straw and 

grain at harvesting stage* 

Dry matter production and grain y i e l d 

The variation In the range values of dry matter 

produced by hybrid bajara plant at flowering and harvesting 

stages and the ir average values have been presented In tables 

SI , 22 and S3* 

I t i s observed from table SI that the minimum dry 

matter produced by the bajra plant at flowering I s 6 , t gm 



Table 21 
M W i M M H M M W M * 

Boron uptake and dry matter produced. by hybrid 
bajra crop at flowering atage* 

S.No. Replica Dry Batter Boron uptake in 
- t iong produced In plants 

- t 1 <-*^ < p * — 

12.4 3,8 
12.5 S.3 
18.8 1.1 
11.0 5.8 
10.2 8.8 
11.9 Tr. 

11.97 2.78 

7.4 1.1 
11.6 2.8 
17.6 2*5 
14.8 S.5 

7.8 1.2 
18.1 Tr. 
11.78 8.12 

11.3 1.8 
13.8 8.3 
10.0 2.2 
8.0 8.0 
9.7 1.8 
8 .8 Tr. 

3047 2.42 

10.2 1.5 
15.6 2.0 
11.7 2.2 
13.8 3.8 
15.9 1.2 
30.7 0 .8 

Average* i g # 9 8 x # 8 7 

1 A& 

2 Ab 

8 Ac 

4 Ad 

8 Ae 
8 Af 

Average: 

7 Ba 

8 Bb 

9 Be 

10 Bd 

U Be 

12 Bf 

Average: 

13 Ca 
14 Cb 

16 Cc 
18 Cd 

17 Ce 

18 Cf 

Average: 

19 
BII 
Aa 

20 Ab 
21 Ac 
22 Ad 
28 Ae 
24 Af 



Table SI contd: 

X 2 S 4 

Ml 
m JHl 6.9 1.0 
26 Bb 13.5 1.1 
27 Be 10.8 3 . 3 
28 Bd 15.1 4,0 
§9 Be 7 . 1 2.5 
3D Bf 17.0 1.0 

Average* 11.73, .?,,#.. 
31 Ca 8 .8 2.0 
SS Cb 9.8 1.1 
33 Ce 1S.8 2 . 2 

34 Cd 13.0 4 . 4 
35 Ce 11.8 2. 3 
m Cf 12.8 1.0 

Average: ,,^40,,.. 2.17 
R i l l 

37 Aa 17.5 2.0 

33 Ab 14.7 2 . 2 

89 Ad 10.5 2 .5 

40 Ad 11.8. 6.0 

4 1 Ae 11.0 Ut 
42 Af 10.7 tr. 

i Average: 12.65 2.18 

4 3 Ba 17.9 1.5 
44 Bb 10.8 2.6 
48 Be 12.2 2.0 
46 Bd 15.5 4.8 

47 Be 11.9 3.0 

43 Bf 13.0 1.0 
Averages 13.58 &£2L 

49 Ca 15.5 3*0 
80 Cb 13.2 3 .3 
SI C© 19.6 2.7 

SS Cd 14.3 6 .0 
S3 Ce 16.5 3.5 
84 Cf 7. 6 1.0 

Averages JttilL J3&1SL 
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witll* the maximum value i s 39.« gm with an average value 

of 12.89 gm. At harvest, the range of dry matter produced 

was 3S.0 gm to 95,90 gm with an average of 60.80 gm. 

the grain yield ranges from 19 gm to 48 9m with an 

average value of 29.62 gm. From the figures reported, i t 

can be said that the dry matter production at harvest i s about 

five t ines more than that at flowering stage of bayard crop. 

The dry matter at harvest i s twice the grain yield, thus the 

straw to grain ratio seems to be 2* 1. 

From the tables 81,, 28 and 89, i t i s clearly 89ttn that 

neither the application of N.P.K. nor the application of boron 

affected the production of dry matter or grain yield. A similar 

observation has been recorded by Pandya jfc al .( 3955). Kulkarni 

et al.,(3970) did not get any response to boron by bajara In 

their field tr ia l s at various Research Stations*, the results 

obtained in the present study are in accordance with those of 

above authors. Kulkarni jfc al.(1970) observed response to 

kharif jowar grown at Akola and the present investigation i s , 

however, in conflict with the Kulkarni et a i s ' observations. 

Joshi (3955), found that,there was an adverse effect of boron 

on tiie jowar yield and the findings in the present investiga­

tion are in agreement with those of Joshi. 

I t i s seen from the data reported la tables 83 (1) , ( l i ) , 

( i i i ) , (iv) and (v) that the average uptake of boron at flower* 

ing stage by bad an. plants Is 2.37 ppra with a range of traces 
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Boron uptake and dry matter and grain yield 
produced by hybrid ba.1ra crcp 

3 . Mo. Rep 11 Dry Uptake of Grain y i e ld Uptake of 
cation* matter boron in boxen la 

dry matter grains 
<g»> (ppm) (ga) (pp*B) 

T 

X Aa 85.50 1.1 
8 Ab 95.50 1.1 
3 AC 50.00 1.1 

4 Ad 40.00 9.8 
8 Ae 68.50 TT» 
8 At 37.00 Tr. 

Average: &&±££L 

7 Ba 49*50 1.1 
8 Bt> 78.50 8*8 
9 Be 48*50 1.1 

10 Bd 48*50 5*5 
11 Bo 55.5 3 .8 
18 Bf 55*0 0*8 

Average: 59.78 

18 Ca 55.00 3.8 
14 Cb 74*00 1.5 
IS G* 98*00 1.1 

14 Cd 64.00 4*4 
17 Co 98.50 1 .1 
18 Cf 51.80 Tr 

Average: W-.9.9 
19 Aa 43.60 Tr 
80 Ab 74.00 Tr 
81 Ae 51*80 t r 
88 Ad 70*00 8*8 
83 Ae 65.00 1.1 
84 Af 88*50 Tr. 

Average; 56.98 

89.5 
28,0 

8*3 
8 .1 

80.0 3* 8 
19.0 5.6 
38.0 2.0 
84.0 1.0 

*MMI ,8*87 

87.50 8.5 
83.0 8.3 
19.5 3 .8 
88.5 8.8 
83.5 S . B 

41.5 1 .1 

IMH j&Si 
89.5 
85.0 

8.8 
8.7 

89*0 8*8 
£3.0 30.1 
81.0 3 .8 
83*0 
26.25 
86.8 
88*0 
81.5 

Tr. 
f»60 
8.7 
3. 3 
8.8 

23*5 
87.0 
30.5 

8.8 
3.3 
1.0 

89.00 3.6 



Table 22 eontd: 

1 2 8 4 5 6 

25 Ba 70.0 Tr. 4 8 . 0 1.10 
26 Bb 35.0 Tr, 22.5 3 . 3 
27 Be 4 7 . 6 Tr. 93.0 2 . 2 

8B Bd 79 .0 3 .8 83.0 1 1 . 1 

£9 Be 7 8 . 5 Tr. 40 .9 5 . 5 

39 Bf 6 8 . 5 Tr. 42 .5 tr. 
Averages 68*08 &M 3*7 

81 Ca 8 5 . 0 Tr. 4 2 . 5 2 . 2 
38 Cb 42 .5 Tr. 39.0 3. 3 

38 Cc 7 2 . 0 Tr. 21.0 2 .7 
Sflt Cd 5 8 . 0 3 . 8 . 27.0 0*9 

85 Ce 6 5 . 5 Tr. 38.0 3 .8 

88 Cf 89.0 Tr. 85.5 1.0 
Average: & • . & ^ • « « 3.38 

1 

87 Aa 8 9 . 0 S4.0 2 .7 

93 Ab 5 2 . 5 21.0 2.9 
89 Ac 65 .0 20 .8 3. 8 
40 Ad 72 .5 3.S 27,0 8 . 8 

41 Ae 5 8 . 5 24.0 4 . 4 
48 Af 32.0 31.0 0 . 5 

Averages 61 .59 • • 26.25 8fj76 

48 Ba 61 .0 34.0 1 . 1 
44 Bb 49*0 31.5 1 . 1 
45 Be 51 .0 * 31.5 3 .3 
4« Bd 44*0 8 .3 26 .5 9 . 9 
47 Be 7 6 , 0 33.5 4 . 4 
48 

Averages 
£ 7 . 5 

. . 
28.8 0 . 5 

3*.9B 
49 Ca 7 8 . 5 86.0 2 .7 
50 Cb 69,0 32.5 3 .3 
5 1 Ce 45*5 4 3 . 5 3 . 3 
52 Cd 49*0 8 .8 29*0 6 .6 
S3 Ce 48*0 42 .0 5 .5 
54 Cf 9 5 . 5 23.0 1.0 

Average* «?f25 . . 31.83 8 .78 



Table ga 

^T hybrid bajra qrop at flowering ata^sT 

Crop taken Average dry Minimum dry Maximum dry 
matter (gm) matter (ga) matter (ga) 

Ifcttaid 12.29 6.90 19,6 

( I I ) • . Average and range of dry matter produced 
bar hybrid bajra at harvesting stage. 

HyhHrt 60*80 32.0 95,5 
bajra 

( I I I ) . . Average and range of grain y i e l d produced 
Bar hybrid bajra* 

Hybrid 29.62 19.0 48.0 
b^y»r 

(IV) . . Average and range uptake of boron In straw 
by hybrid baira at flowering 

fftafl«.« 
Crop Average uptake Minimum Maximum 

uptake uptake 
(ppm) (ppm) <PP») 

Hybrid 
ba.1ra. 2. $f Traces 5.5 

(V) . . Average and range uptake in grains by hybrid 
bajra at harvesting stage. 

Crop Average (ppm) Minimum (ppm) Maximum (ppm) 

Hybrid s*48 Trace 11.1 
pair a 
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to 5.5 ppm* While at harvest, the uptake by grain* ranges 

from tracts to 11.0 ppm with an average value of 3.48 ppm. 

Thus, It can be concluded that the uptake of boron in 

in grain i s more than the uptake by dry matter, at harvesting 

stage the uptake by dry matter being very less* More uptake 

i s found in the boron treated plot than the untreated ones* 

It i s seen that, at harvest in grain and at flowering 

in straw, there i s more uptake of boron. Eventhough boron 

i s taken up, i t has not affected neither increase in yield 

nor dry matter production* Thus i t i s clearly seen that 

plants might have taken boron for their luxury consumption* 

A glance at the data in table 24 indicates that the 

effect of main plot treatments viz* A, B and C-subsequently 

varying doses of M.P.K. on the yield of hybrid bajra i s non­

significant, indicating that there i s no differential behaviour 

of the treatments* However, the mean grain yield obtained 

by the nWain treatments was £7*74, 31.50 and 33*44 gm per plot 

respectively* 

From the mean grain yield data of sub-plot treatments, 

i t i s revealed that Ifc-nganese gave significantly h i # e r yield 

i .e . (35.17 gm/plot) over boron and Zinc giving 25*61 and 26.89^ 

plot respectively* While the copper, molybdenum and control 

behaved similarly to Manganese giving 29.33, 39*11 and 36*17 gm 

per plot respectively* Boron and zinc had a similar effect 

on the yie ld of bajara* 



Table £4 

Mean y i e l d of graina/plot In am of hybrid bajara at 
af fect e3 by various treatments. 

Sub plot i Main plot treatments ; Mean :S.E. CD,at 
treatments : A t 3 : C : T ©, 5 per* 

: : : : : cent • 

a (Mn) 38,00 36.50 36.00 35.17 8,98 6,08 

b (Zn) 25,00 27.33 28,83 26.8f 

« (Cu) 27*33 29.66 31.16 29.33 

d (B) 23.16 27.33 26,33 £9.61 

e (Mo) 27.66 33.66 32.00 30.11 

f (Control) 28.50 87.80 28.88 31.44 

Mean : 27,44 31.50 83.44 

S .E .D. 3.07 
1 
I 

C D . a t 5 
percent • 

A 

M.S. 

I N 

30 

p 2 ° 5 
15 

K20 

15 
B M 60 30 33 
C. • • 30 45 45 

a b C d e f , 

Mn Zn cu B Mo Control 



Table 25 

Mean y i e l d of straw In m of hybrid baulra at harvesting 
" " " *eatraei" stage as affected by various treatments. 

Sub plot 
treatments 

Main p lo t treatments 
A B C 

Mean S.E.D, C.D.ai 
5 per­
cent 4 

a (Manganese) 57.66 60.16 72.16 63 . 33 
b (Zinc) 70,66 52.83 60.50 61*33 

c (Copper) 55.50 53.33 70.16 59.66 
d( ( Boron) 67.50 61.8 S 57.00 62.11 

e (Molybdenum) 63.33 70.00 62.83 65.22 

f ( con t ro l ) 33*83 53*66 62.00 49.33 

M e a n : 57.91 58.63 64.19 . * . 

U . 8 M.S. 

S . l . D . . . 4 .21 I CD.at 5 percent 4 N.S. 

Mean 
fable 26 

y i e l d of straw In gm oft hybrid bajara at flowering 
stage as affectea by various treatments. 

Sub p lo t J, 
treatments t' 

Main plot treatments 
*• B C 

Mean : S.E.D. C.D. 
: at 5 

percent 

a ( Mn ) 

b ( zn ) 
c ( Cu ) 

d ( B ) 

e ( Mo ) 

f (Control) 

13.33 

34.26 
12.00 

12.10 

13.33 

11.10 

10.78 

11.96 
13.33 

15.06 

8.93 

14.03 

11*86 

12.06 
14.13 

11.76 
12.66 

9*58 

U*97 

12.76 
13.15 

12.97 

11.81 

11.55 

Mean: 12.52 12.34 12.00 
S.E.D. * 2.79 C D , a t 5 percent • 

4*37 N.S. 

N.S. 
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The effect of various sub* treatments at the same l e v e l 

of a l l the main treatments was found t o be non-significant. 

Similarly the effect of main treatments at the same leve l 

of sub treatments was found to be non» s igni f icant , 

Pandya j t a l . ( 1955) and Joahi (1956) could not get 

Increase in the y i e l d of bajara (Pennlaetum typhold&s)by the 

application of B, Cu and Mo, They belfcive that the micro* 

nutrient requirements of bajara are low as compared with other 

cereals* Kulkarni et al.(1970) in f i e ld t r i a l s observed the 

similar results* 

From the data presented in table 25* i t i s observed that 

the mean y i e l d of fodder at harvest was not s ignif icantly affect­

ed by either the main plot treatments or by the sub-plot 

treatments* 

The data reported in table 26, reveals that the mean 

y i e l d of fodder at flowering was not s ignif icantly affected 

by e i ther the main or by the sub-plot treatments* 

The data given In table 27, Indicated that the uptake 

of boron was not affected by the main plot treatments* The 

uptake for main p lot treatments v i z . A, B and C was 2.25, 

2.84 and 2,60 ppa respectively* 

Uptake of boron was s ignif icantly more in sub-plot 

treatments v i s . Mn, Mo, Cu, Zn and B, the uptake being 1.87, 

919, 2.29, 2.38 and 5.01 ppa respectively over the control. 

The uptake of boron was s ignif icant ly more in boron treated 

p l o t s over a l l the other sub plot treatments. In sub-plot 



Table 27 
Mean uptake of boron in ppm In p l a n t s (hybrid bajara) a t 
flowering s tage as affect ect by varloua t rea tments . 

II I I I I I I I . 1 • . . ! • • .11 II I I I f • ' ' ' I ' I f t I 

Sub p l o t ; Main p l o t t reatments I Mean S.B.D. C.DjA 
t rea tments J _ i 6 per 

i A B c ; cent + 

0.30 0 . 7 1 

a (Mn) 2.26 1.3) 2.16 1.87 

b (Zn) 8.50 1.98 2.56 2.38 
& (Cu) 1 .98 2.60 2 .33 2.29 

d ( B) 4 . 7 8 4 . 8 3 5.46 5.01 

e (Mo) 1.90 2 .23 2 .43 2.19 

f ( contro l ) 0 .16 0.66 0.66 0.49 

Mean: 2.25 2.24 2.60 

S.E.D. 0 .33 t C D . a t 5 percent • N.S. 

Table 28 
Mean uptake of boron In g ra ins (ppm) by hybrid ba.1ara 
a t harves t aa affected by various t reatments . 

Sub p l o t : Main p lo t t reatments : Mtan tS .BJ) . c .D.at 
t rea tments : "A B d' L""' : : 5 per 

cent HH 

a (Mn) 2.90 1.56 2.36 2.27 

b (Zn) 2.76 2.56 3.10 2.81 
c (Cu) 3 .03 2 .93 3.10 8.02 
d (B) 7.70 9 .60 7.76 8 .35 
e (Mo) 3 .23 4 . 0 3 4 . 0 3 8.76 
f ( c o n t r o l ) 0 . 8 3 0 . 5 3 0 .66 0 .67 
Mean: 3 .41 8 .53 8.50 

S.-E.D. 0.32 { C D . a t 5 percent • N.S. 
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treatments vis* Mn, Mo, Cu and Zn, the boron uptake was 

ranging from 1.87 to g. 38 ppa and was at par* 

Uptake of boron was not s ignif icantly influenced by 

the interaction of main x sub-plot treatments at flowering, 

stage* 

The data in table 28, revealed that , the main plot 

treatments viz* A,B and C did not help in increasing the 

uptake of boron in grains, the uptake being 3*41, 3*53 and 

3*50 ppm respectively. 

From the data on mean uptake of boron by grains, i t can 

be seep that the uptake of boron was s ignif icantly more in 

boron treated plots* Sub plot treatments vis* &n, Cu,Mo 

behaved similarly in uptake, of boron giving 2.81, 3.02 and 3.71 

ppa of boron respectively. Mo was s ignif icantly superior to 

Mn i n inducing h i t l e r uptake of boron in grains} the uptake 

of boron in Mo treatment being 8.76 and that in Mn treatment 

being 2*27 ppa. 

The application of Mn, Zn and Cu did not af fect the 

boron uptake in grains but they are at par. The uptake 

ranged from 2.27 to 3.02 ppa. The uptake of boron in control 

was the lowest, being 0.67 ppm* 

The interaction between uptake of boron in grains, KPK % 

micronutrients under study was found to be non-significant. 
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General conclusions 

Baaed on the resul ts obtained in tables 21, 22, 28, 24, 

£5, 26, 27 and 28 In f i e ld t r i a l on hybrid bajara, the follow­

ing broad conclusions can be derived:-

1. The range of dry matter produced at flowering stage 

varies from $,9Q to 19.6 gn, with an average value of 12*29 go* 

2, t h e grain y i e l d varies fro* 19 to 48 gm with an 

average value of 29.62 gm. 

8. The dry matter produced at harvest, ranges from 32 to 

95*8 gm with an average value of 60.80 gm. 

4 . The uptake of boron at flowering, in straw ranges from 

traces to 5 .5 ppra with an average value of 2.37 ppm. Uptake 

was s ign i f i cant ly more in subplot treatments vis* Ma, Mo, Cu, 

Zn and B over control. The uptake was not s ignif icantly influx 

enced by the interaction of main x subplot treatments at 

flowering stage. 

5. The range of uptake in grains at harvest, I s from 

traces to 11.1 ppm,average value being 3*48 ppm. 

6 . The main pfct treatments v i z . A,B and C did not help in 

increasing the uptake of boron in grains and the uptake being 

significantly more in boron treated plots* 

7. No interaction between uptake of boron in grains SPK 

and mlcronutrients under study was observed. 

8 . The average dry matter produced at harvest I s approxi­

mately f ive times more than that at flowering. The uptake i n 
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straw at harvest Is very l e s s . The dry matter at harvest 

1A double than the grain y i e l d produced at harvest. 

9. The mean y i e l d of fodder at harvest was not s igni f i ­

cantly affected by either the main treatments or by the 

sub- treatments* 

10, s imilarly there i s no s ignif icant effect on the mean 

y i e l d of fodder at flowering by either the main treatments or 

sub* treatments* 

* * * * 



 
 
 
 
 
 
 
 

 



V GENERAL DISCUSSION : 



Chapter V 

QSNSRAL DI3CUSSI0K 

In view of i t s importance in many biochemical and 

physiological processes*, boron i s considered t o be an 

Important plant nutrients amongst the raicromtrlents. I t 

i s of universal occurrence in l iv ing organisms and flowering 

plants cannot attain their f u l l development in the absence 

of traces of t h i s element, (Anon. 1967), I t plays a multiple 

ro le in plant and animal production* Amongst the trace elements, 

boron has received a considerable attention in recent years 

owing t o i t s ro le as a nutrient and due t o i t s importance in 

deciding the quality of irr igat ion waters* 

Boron ex i s t s in s o i l in variety of forms l ike water 

soluble or available boron, to ta l boron and acid soluble boron. 

Available boron can be ut i l ized by the plants In the form of 

avai lable inorganic s o i l boron and available organic s o i l boron. 

The fraction of boron, soluble in hot water was found to be 

the most useful source for the plants (Berger and Truog,l»45) • 

These forms can vary in their proportion In different 

s o i l s depending upon the nature of parent material from which 

the s o i l s are derived (Mukerjee,l957). The conversion of 

boron in an available form depends upon the rate of transform 

mat!on of each form l n t e lower form and the re la t ive equil i ­

brium between the process of microbial and adsorption in the 

the s o i l s (Agarw&l, 1964), A great number of factors are 
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known t o affect the boron avai labi l i ty in the s o i l , the moat 

important s o i l factors being s o i l reaction, organic carbon, 

clay content and free l ine status of the s o i l . 

Numerous workers have done an intensive work on the 

various aspects of boron m s o i l s and irrigat ion waters in abroad* 

In general, the work carried out in India i s l imited. In 

Maharashtra, except Bendale et aL. (1951) Atre (1960) and Raut 

(1962) , nobody has tr ied to assess the boron status of s o i l s 

of Maharashtra State. Unlike the major nutrients, trace elements 

study did not receive adequate attention in the country in the 

past and the information collected i s , therefore , fragmentory. 

Further, upt i l now no body has tr ied to estimate the boron 

concentration in wel l waters from any part of Maharashtra State* 

The values for two forms of boron i . e . t o ta l boron and 

water soluble boron indicated the average l e v e l of 9*41 ppm 

and 0#81 ppm respectively* 

Based on the figures reported by Bendale jet a l (1551), 

i t appears that s o i l s of Maharashtra State are well supplied 

with t h i s element and can supply enough quantity of boron i n 

an available form. Mien compared with the Punjab s o i l s , the 

s o i l s from Maharashtra show a comparatively lower status in 

respect of both the fractions of boron. 

The nature ot parent material has got a pos i t ive effect 

on the leve l of different fractions of boron. This relationship 

i s we l l i l lus trated in the values for boron in basalt ic s o i l s 

as compared to those derived from l a t e r i t i c and mixed parent 
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material . I t i s , further observed that , the contents of 

organic carbon and ra infa l l do not show any effect In 

increasing or decreasing the boron status of so i l s* 

The relationship between the pH, organic matter, CaGO 
25 

and forms of boron as observed in the present work appears to 

be in well agreement with the resu l t s obtained by Qhani and 

Haque (3945) for Bast Bengal s o i l , Bhattachar^ee (1956) for 

Murshidabad s o i l s (West Bengal) and Q&ndhi and Mehta (1998) 

for Gujarath and Saurashtra so i l s* However, the resul ts in 

the present invest igation are In confl ict with those reported 

by Paliwal and AJtfineyulu (196?) in Delhi s o i l s , Singh (1989) 

and Srewel jet a l . ( 1969) in Punjab s o i l s and Mathur ( 3964), 

Baser and Saxena ( 3967) in Raj as than s o i l s . 

From the standards suggested by various workers for the 

content of boron In s o i l s , i t appears that the s o i l s from the 

Maharashtra State are well within the safe limit in respect 

of t h i s element and are adequately supplied with i t . £ Richard 

et a l . ( 1954) ; U.S.D* A. ( 1947) 7 . 

The values for boron obtained in the present study are 

somewhat lower than those reported by Atre (I960) for Vidarbha 

s o i l s ; while the values are higher than those obtained by Rout 

(1968) in typical s o i l prof i l es of tiagpur division* S o i l s 

from Maharashtra show a lower status for both the fractions 

of boron than the s o i l s from Gujarat, Bengal, Rajaathan and 

Uttar Pradesh* 
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t h e ground well water samples analysed from different 

d i s t r i c t s of Maharashtra State show the concentration of 

boron from 0.085 ppm to 0.31 ppm with an average content of 

0«IS ppa in them* The values obtained In the present report 

are within the safe H o l t suggested by Magistad and Christensen 

(1944) and U.S,D.A,( 1947) . 

, The values obtained for pH in the present investigation 

are in accordance with those reported by Babreker, jet al»( 1968) 

for wel l water samples collected from College Farm, Dhulia. 

The rat io of Ma/other cations mostly exceeds the safe limit of 

unity (Kelley 1940), The e l ec tr i ca l conductivity of the ground 

we l l waters found to be varying from 0»76 raillimhos/em t o E.38 

mil limn oa/cm, average being 1.27 raillirthos/om. In respect of 

t o t a l soluble s a l t s , most waters cross the safe l imit of 600 

ppm, U.S.D.A.( 1947) • 

No apparent relationship was found between pH and boron 

content of the water sanples* These findings are in confl ict 

with those reported by Singh and &anwar (1963) for well waters 

from Patti (Araritsar). Similarly, there i s no relationship 

between soluble sodium percentage, t o t a l soluble s a l t s and the 

boron. However, with the higher values of S.A.R. and Residual 

Sodium carbonate, subsequently higher concentrations of boron 

was found in the water samples* 

Most of the well waters from different d i s t r i c t s of 

Maharashtra f a l l under the category CgS,, U.S.D.A. (1947). 

Based on the values reported and quality predicted by various 

workers l i k e Darra and Mehta (196S), Mathur et a l . (1964) and 
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Nathani et al .(1966) for Raj as than ground waters* i t appear* 

that ground wel l waters from Maharashtra are not so harmful 

than those of Raj as than and can be used for irr igat ion purposes 

with l i t t l e care and proper management. 

The uptake of boron by different crops i s governed by 

the i r boron requirements and boron supplying capacity of the 

s o i l , in a water soluble form. In the present investigation 

hybrid bajara (Pennlsetum typholdes) was grown as a t e s t crop 

under f i e ld condition with the application of varying doeea of 

N.P.K. and usual doses of boron t o determine i t s boron require­

ments. I t appears from the findings that boron requirements 

of hybrid bajara i s low and neither the application of varying 

doses of If.P. and K nor micronutrients affected the dry matter 

and grain y i e l d . There i s a l so , no effect of N.P.K, on uptake 

of boron. The uptake being more in grains than in the straw, 

but i t has not been u t i l i s e d t o improve any of the characteris­

t i c s of the crop and hence, i t can be said that , the crop 

might have taken boron for i t s luxury consumption. A similar 

negative effect has been observed by Pandya et al.(1955) and 

Kulkarnl ejt al.(1970) in their f i e ld t r i a l at various Research 

Centres. The observations in the present report are in 

accordance with those reported by Joshl (1935) on Jowar grown 

under f i e ld conditions. 

am* 
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Chapter VI 

SUMMARY AND CCWCLUSIOSS 

Laboratory and f ie ld studies were undertaken t o assess 

the boron status of s o i l s and ground well waters of Maharashtra 

State and t o find out the boron requirements of hybrid bajara 

(Pennlaetuna typhoides) grown as a t e s t crop on a medium black 

calcareous s o i l . 

For t h i s purpose 40 s o i l samples representing s i x major 

Zones (9 sub-zones) and 292 ground well water samples col lected 

from eight different d i s t r i c t s of Maharashtra State were analy­

sed for different fractions of boron In s o i l s and concentrations 

of i t In ground well waters* 

To determine the boron requirements of hybrid bajara. 

i t was grown under f ie ld condition as a t e s t crop and the 

production of dry matter and boron uptake at various stages 

v i z . t i l l e r i n g , flowering and harvesting was determined. The 

uptake at harvest was determined separately in straw and grains. 

The observations recorded In these studies are summarised below: -

1) The l e v e l of t o ta l boron in Maharashtra s o i l s varies 

from S.75 t o SO.90 ppm with an average value of 9 .41 ppm. 

g) The water soluble boron const i tutes a very small propor­

t ion ( s . 88 percent) of to ta l boron and varies from 0.10 to 

0 .93 ppm with an average value of 0.81 ppm. 

8) Forty percent of the tota l s o i l samples f a l l in the 

range of 5*10 ppm of to ta l boron, 37 percent-10 to 15 ppm, 
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15 percent show a status less than 5 ppm and only 8 percent 

of the t o t a l samples show a range higher than IS ppm. 

4) Eighty-two percent of the tota l samples contain 

between 0,0 t o 0*1 ppm of water soluble boron, 11 percent 

more than 0*1 ppm, 16 percent store than 0.2 ppm and only 

one percent of the samples were found to contain 0*3 ppm, 

5) Based on the average values for different fractions 

of boron, s o i l s from Maharashtra S ta te appear to be well 

supplied with th is element and are within the safe limit* 

6) So i l derived from basalt show comparatively higher 

proportion of both the fractions of boron as compared to the 

s o i l s derived from mixed parent material. So i l s of l a t e r i t l e 

origin show an intermediate trend. 

7) The s o i l attributes l ike pH, free CaC0g, organic carbon, 

clay content showed no relationship with the two fractions 

of boron. 

8) The boron in well waters from different d i s t r i c t s of 

the State varies from 0.088 ppm t o 0 .81 ppm with an average 

value of 0.18 ppm. 

9) Eighty percent of the wel l waters studied In the present 

invest igat ion f a l l i n the range of traces to 0 .1 ppm, 11 per* 

cent In the range of 0 .1 t o 0 . 2 ppm, 6 percent in 0 .2 t o 0 .8 

ppm and very few samples show a range more than 0*8 t o O.S ppm. 
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10) The wel l waters from d i s t r i c t s l i k e Dhulia, Jalgaon 

and sholapur are higher in their contents of boron a* 

compared to other d i s t r i c t s . 

11) Amongst the d i s t r i c t s studied, the well waters from 

S&ngli and Poona d i s t r i c t s show the lowest value for their 

boron contents ifei le waters from Dhulia are h i £ i e s t . 

IS) The waters from Akola, Amraoti, Buldhana and Sholapur 

d i s t r i c t s show higher pH than the rest of the d i s t r i c t s . The 

water samples in a l l eases are a lkal ine to moderately alkaline 

in reaction. 

13) Total soluble s a l t s content of the water under study, 

ranges from 481 ppm t o 2088 ppm with an average value of 89S 

ppm. The waters from d i s t r i c t s l i k e Sholapur ,Jalgaon, Sangli 

and Amraoti are higher in their T .S . s . as compared to other 

d i s t r i c t s * 

14) The carbonates In different well waters vary from traces 

to 1.88 meq/l itre with an average value of 0*845 meq/litre., 

The amount of bicarbonates in different waters ranged from 

5.72 meq/l i tre to 9.89 meq/litre with an average value of 

7.88 meq/ l i tre . The range of chlorides in different waters 

i s from 4.Id meq/litre to 57.46 meq/l itre with an average 

value of 18.87 meq/litre* 

15) The values fir magnesium in the waters in relat ion to 

calcium are higher in most oases* 

16) The rat io between Na to (Ca +Mg)~!Celley,8 Na ratio • 

exceeds the safe l imi t of unity in majority of samples. 
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1?) Fifty percent of the water samples f a l l below the 

safe H a l t of 2,5 meq/litre of R.S.C. while 80 percent 

show higher R.S.C. than the safe U n i t . 

IB) All the water samples f a l l below the safe H a l t of 

5.A.R. values namely - 0-10. 

19) The soluble sodium percentage In a l l the eases la 

more or l e s s the same excepting few and in most eases wel l 

within^ the safe l imit of 60 percent. 

po) Mo relationship between boron and pH, 3 . 3 . P . , T.s .S. 

i s observed, while there i s an apparent relationship between 

R.S.C. and 3.A.R, in some eases. With the Increase in these 

values , there i s subsequent Increase in the boron concentra­

t i o n . 

21) Al l the wel l waters under study exhibit the quality 

of water as C S « S * 

22) The uptake of boron at flowering stage in bajra straw 

ranges from traces t o 6 ,5 ppm with an average value of 2,3ff ppm# 

Uptake was s igni f icant ly more in sub-plot treatments v iz . Mn, 

Mo, cu f Zn and B over control. I t was not s ignif icantly 

influenced by the interaction of main x sub-plot treatment at 

flowering stage. 

23) The f e r t i l i z e r application of nitrogen, phosphorus and 

potash did not help In increasing the uptake of boron i n grains, 

however, the uptake was s ignif icantly more in boron treated-eet ie 

p lo ts* 
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24) There appears to be no interaction between the uptake 

of boron fcy bajara plants and the application of N,P and K 

and the micro nutrient a. 

* 0 3 « 0 » 
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