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CHAPTER-I 

^ INTRODUCTION ^ 



CHAPTER x l 

INTROOUCTION 

S o i l a c i d i t y i s common i n a l l reg ions where p r e c i p i t a t i o n i s 

h igh enough t o leach apprec iab le amounts o f exchangeable bases from ths 

sur face l a y e r s . The adverse e f f e c t o f ac i d s o i l s on p l a n t growth i s mainly 

r e l a t e d t o the presence o f aluminum, manganese and i ron in t o x i c c o n c e n t r a t i 

low a y a i l a b i l i t y of bases, m i c r o b i a l and n u t r i e n t imbalances. The n u t r i t i o n 

d e f i c i e n c y i n a c i d s o i l i s more severe in r e l a t i o n to a v a i l a b i l i t y o f phosph 

and molybdenum. Phosphorus presents a spec ia l problem t j t h a t i t i s subject 

t o r ap id f i x a t i o n p r i n c i p a l l y by i ron and aluminum compounds e i t h e r by 

p r e c i p i t a t i o n or by sur face chemi-sorpt ion r e a c t i o n s . 

Ac id s o i l s pose a ser ious problem t o I nd ian a g r i c u l t u r e as out of 

.175 m i l l i o n hectare o f t o t a l gross c u l t i v a t e d area 1/3 of i t i s under 

a c i d i c s o i l s . The major processes invo lved in fo rmat ion of a c i d s o i l s are 

l a t e r i s a t i o n o f vary ing degrees, p o d z o l i s a t i o n in areas w i t h siib»-temperate 

t o temperate c l i m a t e , in tense leach ing of l i g h t a l l u v i a l s o i l s and marshy 

cond i t i ons w i t h s i g n i f i c a n t amount o f p a r t l y decomposed organic matter 

(Mandal et_ a j , , 1975) , The s t r o n g l y a c i d s o i l s are found i n the States of 

O r r i s a , B i h a r , Kere la , Karnataka, West Bengal and Himachal Pradesh p a r t i c u l a 

in Kangra d i s t r i c t . A c i d i t y problem can be so lved by a j o i n t e f f o r t o f 

breeding and s o i l management. For seve ra l years a major e f f o r t has been 

made by p l a n t breeders t o ob ta in p l a n t s ab le to grow s a t i s f a c t o r y under 

a c i d i c c o n d i t i o n s , however, they could not exc lude the process o f l i m i n g . 

The use of a g r i c u l t u r a l l ime has been recognised down th rough the 

ages as a p r a c t i c e t h a t i s bas ic to good husbandry in humid r e g i o n s . I n 

a c i d s o i l s l ime i s g e n e r a l l y c r e d i t e d w i t h the a b i l i t y to make more of the 

n a t i v e P and added P a v a i l a b l e to c r o p s . This is p a r t i c u l a r l y t r u e f o r the 

s o i l s h igh i n i r on and aluminum. Since these m e t a l l i c ca t ions and t h e i r 
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ox ides c o n t r o l the f i x a t i o n and a v a i l a b i l i t y of a p p l i e d and na t i ve s o i l 

phosphorus, the p r a c t i c e o f l im ing has d i r e c t b e a r i r g on the P a v a i l a b i l i t y , 

I n order t o improve the P - a v a l i a b i l i t y i n ac i d s o i l s use o f l ime has long 

been propagated (Har tu ie l l and Pember, 1918) , Pearson (1958) repor ted t h a t 

l ime usua l l y depressed the immediate a v a i l a b i l i t y o f so lub le phosphate 

f e r t i l i s e r s wh i l e i t usua l l y improves i t s long term r e s i d u a l a v a i l a b i l i t y 

by slowing down i t s r e l a t i v e l y permanent attachment t o the i r on and aluminum 

ox ides . One can, t h u s , v i s u a l i s e the e f f e c t o f l i m i n g on the a v a i l a b i l i t y 

o f r e s i d u a l phosphorus as w e l l . These observat ions, suggest t h a t l o g i c a l 

approach to make ac id s o i l s more favourab le f o r p l a n t growth w i t h re fe rence t o 

P might i nvo l ve the combined a p p l i c a t i o n o f l ime and phosphate in optimum 

p r o p o r t i o n s , 

Phosphorus i n a g r i c u l t u r a l s o i l s has been i n v e s t i g a t e d as much as 

or more than any other p l an t n u t r i e n t presumably because i t i s a major 

n u t r i e n t element and a l s o in view of the complex r e a c t i o n s t h a t i t undergoes 

w i t h s o i l c o n s t i t u e n t s . The nature and forms o f s o i l phosphorus has prov ided 

u s e f u l i n f o r m a t i o n f o r assessing the s o i l a v a i l a b l e phosphorus s t a t u s . The 

problem of P « - f e r t i l i t y i n a c i d s o i l has a t t r a c t e d much a t t e n t i o n regard ing 

P - f r a c t i o n s in the recent yea rs . The a c t i v e forms which inc lude Ca-P, A l - ^ ' 

and Fe-P are the forms t h a t are a v a i l a b l e t o the p l a n t s w i t h the degree o f 

a v a i l a b i l i t y i n d i f f e r e n t o rders i n d i f f e r e n t s o i l s . 

A c i d i t y i n Himachal Pradesh s o i l s has been recognised to the ex tent 

o f 25>-30 per cen t . The s o i l a c i d i t y problem in Himachal Pradesh i s of 

paramount importance, as ac id s o i l s occupy a s izeable acreage (0 ,102 m ha) 

of c u l t i v a t e d a rea . These s o i l s are found i n Chamba, Kangra, K u l l u , Mand i , 

Shimla and Sirmour d i s t r i c t s of the State ( B i s h n o i , 1979) . I t i s tfrfflaaia^H 

because o f t h i s h igh a c i d i t y ^ y i e l d per hectare of wheat crop i s 12.1 q/ha 
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against 29,0 q/ha of India (recommended by National Commission on Agr i cu l tu re ) , 

High r a i n f a l l in Kangra d i s t r i c t aggravates t h i s s i tua t ion a l l the more by 

creating many problems of a v a i l a b i l i t y and f i xa t i on of plant nut r ien ts 

pa r t i cu la r l y the added soluble phosphorus. Keeping in view the low status 

of phosphorus in the acid so i l s of Pa lam Valley of uiet-temperate reg ion , the 

present invest igat ion was undertaken u i t h an aim to get more information 

about the e f fec t of l iming on d i f fe ren t f rac t ions of phosphorus and u i t h the 

follouiing object ives^ 

1 , To study the status and forms of phosphorus as af fected by 

l iming and P-appl icat ion, 

2, To correlate the y ie ld of wheat crop with d i f fe ren t P»-fr act ions 

under d i f fe ren t levels of l ime and P>- fer t i l i ser , 

3, To study the changes in s o i l propert ies as pH, organic carbon, 

avai lable N, P and K and basic cations on the appl icat ion of 

d i f f e ren t levels of l iming and P>- fer t i l i ser , 



CHAPT ER^I I 

* REVIEW OF LITERATIRE * 
* * 



CHAPTER >.II 

R£\/IEli< OF LITERATLBE 

Mk I I I 

Soils with preponderance of H and Al ions in proportion t o 

hydroxyl ions having pH belou 6,5 are viewed as ac id ic so i l s and need special 

remedial measure. Nearly 49 m i l l i o n hectare of so i l s have acid ic react ion 

and predominantly occur in the regions of high r a i n f a l l comprising about 

30 per cent o f the t o t a l and 20 per cent of the cu l t i va ted area of the comtry , 

The theore t ica l impl icat ions associated with acid so i l s problems are among 

the most fascinat ing one. The review of l i t e r a t u r e pertaining to the present 

invest igat ion i s presented under the fol lowing heads: 

I . Status and forms of P 

1) Abundance (a) inorganic-P 

(b) organic-P 

i i ) Effect of lime on P-fr act ions 

(a) inorganic-P f rac t ions 

(b) organic-P f rac t ion 

i i i ) Effect of added P on the changes in P f rac t i ons . 

I I . P f rac t ions in re la t i on to wheat y ie ld as influenced by lime 

and P app l i ca t ion . 

I I I . Effect of lime and P on s o i l propert ies. 

I , Status and forms of P 

i ) Abundance (a) Inorganic P 

The re l a t i ve amount of inorganic-P f rac t ion d i f f e r s in d i f f e ren t 

s o i l s . In acid s o i l s , Al-P and Fe-P are the dominant f ract ions whereas 

Ca-P i s abundant in a lka l ine calcareous so i l s (Chai and Caldwel l , 1959; 

Chiang, 1963, 1968; Dlorr i l lo and Fassbender, 1968). 

Karim and Khan (1955) expressed the opinion that the sesquioxides 

bond-P (Al-P and Fe-P) increased as the pH increased upto 5,6 but decreased 
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on bhe other hand, as the pH increased from 5.6 to 6,2» Scheffer et̂  a l . 

(1960) while working on some so i l s of West Germany, reported that acid so i ls 

(pH 5,8 to 6,3) having low CaCO content (o»-0,65^) exhibi ted the dominance 

of Fe-P and Al-P (24-495^) with the siAordinate pos i t ion of Ca-P ( l 3 ^ ) , 

Ulr ich and Khanna (1968) from West Germany reported that between 4,5 and 5,8 f 

Ali-P and Fe-P were present in abundance. Likewise, Fe-P was the most 

dominant P- f ract ion in some acid so i l s of Uttar Pradssh (Bhan and Shankar, 

1973), and also in the typ ica l acid so i l s of South India (Uijaychandran and 

Ra j , 1973), 

Khan and Mandal (1973) conducted studies on few acid low land r i ce 

so i ls of West Bengal, ranging i n pH from 4.9 to 6,6 and found that Al-P and 

Fe-P f ract ions const i tuted about 7.2 and 27,8 per cent of the t o t a l 

inorganical ly bound P, Enuezor and floors ( l966) reported that the acid ic 

so i l s of Sauanna and forest zone of Nigeria had Fe-P as the dominant form, 

while i n some cu l t ivated so i l s of the same country, occluded-P was the 

dominant inorganic-P f ract ions followed by Fe-P, Al-P and Ca-P (Uzu et̂  a l . , 

1975), McKenzie et. al_, ( l977) and Rhodes (1977) demonstrated that Al-P 

and Fe-P f rac t ions were present to the extent of 6 to '12 per cent of the 

t o t a l P in t r o p i c a l acid so i l s of Sierra Leone in bJest Af r ica and that the 

Ca-P was v i r t u a l l y absent in these s o i l s . 

Studies conducted by Kadeba and Boyle (1978) showed that inorganic>-P 

was mainly present as Al-P and Fe-P in acid ic so i ls (pH 4.3 to 7.0) of 

forest zone of Wisconsin (U.S.A. ) , Sharma (1979) while invest igat ing the 

inorganic-P f rac t ions in some acid so i ls of Himachal Pradesh, concluded that 

the average re la t i ve abundance of these fractions in terms of t h e i r r a t i o was 

0.12 « 1,0 3 2.65 : 1.0 as Saloid-P, Al -P, Fe-P and Ca-P, respect ive ly . 
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b) Orqanic-P 

The information regarding the ava i lab i l i ty of organic-P to p lants 

is r e la t ive ly limited although i t is known that p lants can absorb d i r ec t ly 

the so i l organic-P for t he i r nu t r i t ion (Pierre and Parker, 1927). Houeuer, 

i t s use in plant nu t r i t ion , organic-P has to be mineralised into inorganic-P 

(Eid et_al . . , 1951). 

The organic-P content of so i l s varies between 20 and 80 per cent of 

the to t a l P in the surface layer of cult ivated soi ls although extreme values 

of 4 per cent in alpine humus have been observed (Williams and Steinbergs, 

1958). Ifeila (1956) stated that some virgin peat lands may contain as high 

as 95 per cent of to ta l -P in organic form especially at lower depths. 

In India, the work of Goel and Agarwal (1959) revealed that organic-P 

constituted about 10-20 per cent of to ta l P in Indo-Gangetic alluvium 

derived so i l s of Kanpur whereas i t constituted about 2 per cent of to ta l -P 

in some so i l s of Gujarat (Patel and Mehta, 1962), Some soi ls of Punjab 

and K^ryana were found to have organic-P to the extent of 8-233 per cent of 

t o t a l P (Singh and Arora, 1969). Doshi and Saxena (1979) reported that 

maximun amount of organic-P was found in non-humus fraction followed by Beta-

humus, fulvic-humus, hunic acid whereas humin did not contain organic-P in 

the so i l s of Rajasthan. 

Sharma, Bhumbla and Dev (l982) reported that the grey brown 

podzolic so i l s of Himachal Pradesh varies in organic phosphorus as per cent 

of t o t a l phosphorus with minimum value of 27.9 (Bhawarna) to 77.6 (Chachian) 

in the surface layer , whereas at Palampur i t was 68.9 per cent in 0-20 era 

depth. 

Sood (1983) reported that organic-P content in soil profi les 

ranged from 11 to 423 ppm. with a mean value of 110.4 ppm for the State 
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(Himachal Pradesh) and i t s h ighest content uias found i n sctihuraid temperate 

h igh land and l oues t in subhumid s u b t r o p i c a l zone of Himachal Pradesh, 

i i ) E f f e c t o f l ime on P- fTac t ions 

a) InorqaniC'^J f r a c t i o n 

Mandal ( l 9 6 4 ) wh i le s tudying the t r ans fo rma t i on of inorgan ic-P 

i n water logged r i c e s o i l s of Hest Bengal , found t h a t i i the presence of l ime 

the f e r r i c and aluminium phosphates decrease, the former cons iderab ly and 

l a t e r s l i g h t l y . He f u r t h e r observed t h a t calc ium bound phosphate increased 

apprec iab ly and some of f e r r i c phosphate go t converted to Ca-phosphates. 

Thus, i n ac id s o i l s w i t h most of the inorgan ic -P as f e r r i c phosphate, the 

Use o f l ime fo l l owed by organ ic matter may increase i t s a v a i l a b i l i t y mder 

water logged c o n d i t i o n s . 

A l a b o r a t o r y study was undertaken by Mahapatra (1969) t o determine 

the d i s t r i b u t i o n of i no rgan ic forms o f na t i ve and added-P as a r e s u l t o f 

l im ing under a i r dry and water logged c o n d i t i o n s . Liming reduced a l l the 

f r a c t i o n o f n a t i v e and added inorgan ic -P except Ca-P f r a c t i o n s . Consequently 

the e x t r a c t i o n - P was a lso reduced i n a i r dry and water logged s o i l s . Cotton 

and Corn were the t e s t crops and l i m e @ 3.36 t / h a was app l i ed to the s o i l 

(pH 5.6 t o 6 , 5 ) . 

Haynes and Ludecke ( l 9 8 l ) demonstrated in t h e i r pot exoeriment 

the e f f e c t of l ime and phosphorus f e r t i l i s e r using two pasture legumes l o t u s 

and whi te c l ove r on the i no rgan ic -P f r a c t i o n s tha t l ime a d d i t i o n caused a 

decrease i n the e a s i l y so lub ie» Fe-P and t o a l esse r ex ten t t o Ca-P, no 

e f f e c t on t he reduc tant so lub le-P but r e s u l t e d i n the increase in A l -P 

f r a c t i o n . 
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E f f e c t of l i m i n g th ree a c i d s o i l s on the d i s t r i b u t i o n of n a t i v e and 

added P i n d i f f e r e n t inorgan ic phosphate f r a c t i o n s and t h e i r l a b i l i t y was 

s tud ied by Deu Nath and Mandal ( l 9 8 3 ) . L im ing , however, d i d not b r i ng any 

s i g n i f i c a n t change i n the r e l a t i v e abundance of the n a t i v e ino rgan ic -P 

f r a c t i o n s , but i t decreased sur face P and s p e c i f i c sur face a c t i v i t y of n a t i v e 
« 

Al -P and Fe-P, e f f e c t on Ca>-P was non -cons i s t en t . U h i l e the r e t e n t i o n o f 

app l i ed P in s a l o i d boLnd form was favoured, i t s t r a n s f o r m a t i o n t o A l - P , Fe-P 

and reductant so lub le forms was suppressed in l imed s o i l s ; t r a n s f o r m a t i o n t o 

Ca-P remained unaf fec ted in the two s o i l s o f a l l u v i a l o r i g i n and was s l i g h t l y 

increased i n t he l a t e r i t e one, L imirg increased the sur face P and s p e c i f i c 

sur face a c t i v i t y of A l -P and Fe«-P formed in the former two s o i l s and decreasec 

i n t he l a t t e r , 

b) Orqanic-P f r a c t i o n 

Sood (1983) repor ted t h a t 1 iming o f acid s o i l s t o a pH of 7,0 

showed t ha t the m i n e r a l i s a t i o n o f o rgan ic -P was maximum i n s o i l s having more 

organ ic matter con ten t . The r a t e of m i n e r a l i s a t i o n was maximum a f t e r f i r s t 

10 days and minimum at 40 t o 60 days of i n c u b a t i o n . Kai la (1948) and 

Stevenson ( 1964) found t h a t l imed s o i l s contained l e s s organ ic -P than the 

s o i l s of corresponding a c i d , and unlimed p l o t s . These r e s u l t s can be 

exp la ined on t he basis of organic-P m i n e r a l i s a t i o n . 

Ghani and Aleem ( l 943 ) showed a decrease in organic-P upon l i m i n g 

ac id s o i l s i n d i c a t i n g t h a t the r a t e o f organic-P was increased markedly w i t h 

pH increase i n 20 unlimed s o i l s (Thompson et a l . , 1954) . The ra te o f 

m i n e r a l i s a t i o n was found to be enhanced by ad jus t i ng the pH at ofc+iTnurvv {euel 

(o r m i c r o b i a l metabol ism, through l i m i n g o f ac id s o i l s ( i s l am and Ahmed, 

1973; Pearson et_ a l . , , 1941) . Is lam and Randal ( l 9 7 7 ) repor ted tha t l i m i n g 

the s o i l t o r a i s e pH from 5,2 to 8 , 0 , increased the m i n e r a l i s a t i o n 



- 9 -

p rog rcss iwe ly and the h ighes t value was repo r ted f o r the s o i l w i t h 8.0 pH, 

La te r Mandal e t a l . ( l 9 8 2 ) a l so found t h a t maximum m i n e r a l i s a t i o n took 

p lace in f i r s t 30 days when s o i l was incubated w i t h l i m e . The m i n e r a l i s a t i o n 

was more i n s o i l s conta in ing more organic matter and i t increased w i t h pH, 

as i t induced cond i t i ons f o r p r o l i f e r a t i o n of phosphate t rans fo rming organisms 

i i i ) E f f e c t of added P on the changes in P f r a c t i o n s 

The t r ans fo rma t i on study o f applied P i n t o p a r t i c u l a r i no rcan i c -P 

forms i s o f g r e a t importance because p l a n t s obta ined most of the phosphorus 

from the r e a c t i o n product and not from the app l i ed source as such. Such 

type of t r a n s f o r m a t i o n are g r e a t l y a f f e c t e d by mois tu re con ten t , t ime o f 

r e a c t i o n in the s o i l and o ther phys ico-chemica l p r o p e r t i e s o f s o i l s 

(Sharma e t_£ l_ , , 1980) . Yuan et_ al_. ( i 9 6 0 ) repo r ted t h a t ouer 80 per cent 

o f the added P was re ta ined by the s o i l s as Al-^J and Fe-P wh i l e l ess than 

10 per cent in saloid«-P and Ca>-P by the th ree ac id sandy s o i l s . They 

f u r t h e r repo r ted tha t the r a t i o of A l -P t o Fe-P increased w i t h the l e v e l s o f 

a p p l i e d P in these s o i l s . Kanwar and Grewal ( 1 9 6 D ) wh i le working on some 

a c i d i c s o i l s of Kangra d i s t r i c t of e r s t w h i l e Pun jab, repor ted t h a t 72.2 

per cent P r e t e n t i o n was due to f ree sesqu iox ides . I n the four ac id s o i l s 

o f Ohio ( U . S . A . ) , Volk and McLean (1963) s tud ied the f a t e of a p p l i e d P i n 

r e l a t i o n t o magnitude of P»-f ixing capac i ty and concluded t h a t almost a l l 

o f the app l i ed P was recovered in A l and Fe phosphates. I n f i v e Uest Bengal 

ac id s o i l s (pH vary ing from 4.3 t o 6.2) p rev ious l y t r e a t e d w i t h KH„PO^ 
2 4 

s o l u t i o n , about 30-50 per cent o f the added so lub le P was found t o ge t 

f i x e d revea l i ng apprec iab le change in M-^^, Fe-P and reductant so lub le Fe-P 

(Kar and C h a k r a v a r t i , 1969) . 

Mandal and Das ( l 97o ) s tud ied the t r a n s f o r m a t i o n of app l i ed water 

so lub le phosphate in t h ree a c i d i c low land r i c e s o i l s of Uest Bengal 
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(pH 5.3 t o 6 .0) i n r e l a t i o n t o these phys ico-chemica l c h a r a c t e r i s t i c s and 

found t h a t sa lo id -P f r a c t i o n i n P- t rea ted s o i l s showed p r a c t i c a l l y no 

increase over the unt reated ones in a l l t he t h ree s o i l s . The magnitude o f 

increase appeared t o be i n f l uenced by t o t a l and a c t i v e Fe-content r a t h e r than 

by the pH of t he s o i l , Ca-P f r a c t i o n showed l i t t l e increase in a l l t he s o i l s 

on a p p l i c a t i o n of phosphate. I t was f u r t h e r observed t h a t the t r ans fo rma t i on 

of app l i ed P in a c i d i c s o i l s o f e r s t w h i l e Punjab was d i f f e r e n t than in a l k a l i 

and calcareous s o i l s . More than h a l f of the convers ion of added-P in a c i d 

s o i l s was i n the form of A l -P (47 t o 73 per cent a t pH 4.7) and (35 t o 56 

per cent at pH 6.6) fo l lowed by Fe-P (18 t o 44^ a t pH 4.7) and ( l 7 t o 34^ 

a t pH 6 . 6 ) , 

Devnath and Hajra (1972) i n v e s t i g a t e d the t r a n s f o r m a t i o n of added P 

i n some a c i d s o i l s ( r e d h i l l y and l a t e r i t e ) of Bhubaneshwar (pH 5.3) in 

West Bengal i n r e l a t i o n t o s o i l c h a r a c t e r i s t i c s v i s - a - v i s mois ture regime 

and repor ted t h a t most of the added-P was recovered in d i f f e r e n t ino rgan ic P 

forms in the o rde r , A l -P Fe-P Ca-P. 

While conducting s tud ies on some s o i l s of Palampur (Himachal Pradesh) 

under water logged and upland c o n d i t i o n s , Singh and Bahanan (1976) repo r ted 

t h a t water logging increased a v a i l a b l e P a f t e r 20 days of incubat ion and a l so 

s i g n i f i c a n t l y increased Fe-P, A l -P whi le Ca-P decreased w i th the pe r i od of 

i n c u b a t i o n . Sa lo id-P d id not change. A s i m i l a r t r e n d i n a v a i l a b l e P and 

other P - f r a c t i o n s was observed under upland s o i l c o n d i t i o n s . 

nandal and Khan (1977) w h i l e working on th ree acid s o i l s ranging in 

pH from 4.9 t o 7.5 of West Bengal suggested t h a t 60 t o 75 per cent o f the 

amount of app l ied -P was found i n the f i e l d form as A l - P , Fe-P and Ca-P. 
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Recent i n v e s t i g a t i o n c a r r i e d out by Shartna et_ al_, ( lS80) on th ree 

a c i d s o i l s of Himachal Pradesh f o r an incubat ion pe r iod of 1 , 7 , 30 and 90 

days revea led t h a t most of added P was t ransformed i n t o Al^-P, Fe-P and uery 

l i t t l e to Ca-P f r a c t i o n at one day i n t e r v a l . The added P which was 

t ransformed i n t o Al -P increased upto 7 days and l a t e r decreased s low ly w i t h 

t ime upto 90 days. The conversion of added P i n t o Fe-P f r a c t i o n increased 

s lowly w i t h t ime upto 90 days . Uery l i t t l e P was changed i n t o Ca-P even a t 

prolonged t i m e - i n t e r v a l s . T rans fo rmat ion of added P i n to Al-P and Fe-P 

f r a c t i o n s was found t o be r e l a t e d t o pH , c lay , organic m a t t e r , sesquiox ides 

and P - f i x i n g capac i t y o f the s o i l s , 

I I P - f r a c t i o n s i n r e l a t i o n t o wheat y i e l d as in f l uenced by l ime and 

P a p p l i c a t i o n 

Ino rgan ic -P f r a c t i o n s p lay an important r o l e in p l a n t n u t r i t i o n and 

keeping t h i s in v iew, Sharma et a l . (1980) emphasized t h a t Fe-P was the most 

impor tant i no rgan ic -P f r a c t i o n c o n t r i b u t i n g P t o wheat crop i n some l i g h t 

t e x t u r e d ac id s o i l s of Himachal Pradesh. 

Recen t l y , Uerma and T r i p a t h i (1980) revea led t h a t Fe-P was t he most 

important inorgan ic -P f r a c t i o n i n c o n t r i b u t i n g P t o r i c e crop fo l l owed by 

A l ' ^ ' f r a c t i o n i n some ac id s o i l s of Himachal Pradesh. Chaudhary et_ a l « 

(1974) emphasized the importance o f Fe-P as a source o f P t o Jower and Urd 

c rops , whereas Ca-P prov ided s i g n i f i c a n t c o r r e l a t i o n w i t h P-uptake by coupeas 

i n some s o i l s o f Rajasthan ( s o i l pH 6 . 8 - 8 , 3 ) , 

Singh e_t_ aJL. ( I 966 ) repo r ted t ha t p l a n t s growing on Davidson s o i l s 

(pH 6,8) in V i r g i n i a (U .S .A . ) p r e v i o u s l y t r e a t e d w i t h t joncentrated super ­

phosphate u t i l i s e d A l - P , Fe-P and Ca-P dur ing the f i r s t year of growth and 

Fe-P only du r i ng t he second year of g r o w t h , 
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Enuezor (1977) found that percentage y ie ld of maize correlated 

pos i t i ve ly with each of Al-43, Fe-P and Ca-P f rac t ion in some south»-eastern 

Nigerian acid s o i l s , suggestirg thereby that a l l the three forms of P 

contributed to the avai lable "P for maize crop. In some Tamilnadu so i l s of 

South Ind ia , Fe-P, Saloid-P and Ali-P were reported to be the important 

inorgsnic-P f ract ions contr ibut ing to the plant ava i lab le P in r i ce crop 

(Perumal and Uelayutham, 1977), 

Lauton and Davis ( l956) studied the effect of l iming on twa strongly 

acid R i f l e peat so i l s on the grouth and absorption of so i l and f e r t i l i s e r P 

by f i e l d beans, sudan grass and corn under green house condit ions. The dry 

weight of f i e l d beans was markedly increased by applying 12 tonnes of CaCO 

per acre.. In contrast the growth of the corn was depressed when more than 

3 tonnes of CaCO per acre was app l ied. Liming has l i t t l e or no ef fect on 

the y ie ld of sudan grass. 

Haynes and Ludecke (1981) while working on the ef fect of increasing 

rates of l iming and P addit ion on concentrations of avai lable nut r ients in 

s o i l and on P, A l and fin uptake by two pasture legumes, lo tus (Lotus 

pedunculatus Cav.) and white clover (Tr i fo l j fun repens L») were studied i n a 

pot experiment using highly leached s o i l (pH 4 ,2 ) , reported the cor re la t ion 

between avai lable phosphates indices and y ie ld of both legumes were weak 

or non-s ign i f i cant . However, h igh, s ign i f i can t pos i t ive cor re la t ion 

co -e f f i c ien t were found between avai lable P and plant uptake of P, 

Ĉ Dtimum growth of fescus was obtained 40 kg per hectare of f e r t i l i s e r 

P, when enough lime was added to neutra l ise exchangeable A l as compared to 

160 kg per hectare of P on unlimed s o i l (Shoop et a l . , 196 l ) . Marked lime x P 

interact ions have been obtained on white clover, red clover and subterranean 
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c louer on the red s o i l experiment s t a t i o n i n Western Oregeon (Jackson et a l » , 

1964) . Hoyt e t a l . ( l 9 6 7 ) obserued t h a t i n a green house experiment l ime 

a p p l i e d t o s o i l s from the Peace Riuer reg ion caused decrease in b a r l e y y i e l d s t 

no P was added and increased the y i e l d , when P was added, 

Lutz and Dones ( l 9 7 5 ) wh i le conduct ing an experiment on l ime and 

P o f e r t i l i s e r s e f f e c t s en y i e l d and chemical composi t ion o f soybean repo r ted the 

increase i n y i e l d and p r o t e i n c o n t e n t , Badnur et_ § ! • ( ' '976) repor ted t h a t i n 

t r i a l s w i t h b lack gram on red sandy loam s o i l (pH 5.o) o f Bangalore, 

a p p l i c a t i o n o f one ton o f l ime p l us 96 kg P^Og per hectare gave seed y i e l d s o f 

1,54 t / h a as compared w i t h 0.61 t / h a w i thout l ime and phosphorus. 

At Ranch i , pronounced e f f e c t of l i m i n g on wheat y i e l d was repo r ted 

when app l i ed alone or i n combinat ion w i th phosphate. An apparent r e s i d u a l 

e f f e c t i n siiasequent years was a l so noted by the workers (Wandal and 3ha, 

197o). Elitpte ( l 9 7 2 ) conducted pot experiment w i t h soybean on twenty Eastern 

N ige r i a s o i l s o f d i f f e r e n t g e n e t i c and morpho log ica l l o c a t i o n s . He r e p o r t e d 

t h a t l i m i n g to pH va lues , between 6,5 t o 7,0 increased the mean dry mat ter 

y i e l d s and the uptake o f N, P and K but t lgher l e v e l s o f l ime decreased the 

y i $ l d and uptake o f n u t r i e n t s , as w e l l . 

Mukhopadhya et a l . (1967) and Giordano and Morvedt (1972) no t i ced 

t h a t dry mat ter p roduc t ion and P-uptake was doubled and zinc uptake was 

i ^ t o f i v e t imes g rea te r when the r i c e p l a n t s were grown on limed s o i l under 

f looded ra the r than moist s o i l , P o r t i c l e s and Mojena (1979) conducted a 

f i e l d experiment i n which s i n g i e superphosphate @ 100-300 kg/P„0 increased 

the dry matter y i e l d o f Pangola grass pas tu re . f^j^wSII l ^ a iggH'-^-'*'" ^km,^ - © 

The a p p l i c a t i o n o f ground l ime (0 .65 t o 3,00 tonnes CaCO /ha ) d id not 

a f f e c t the y i e l d o f the t e s t c r o p . 
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I I I E f f e c t of l ime and P on s o i l g r o p e r t j e s 

A l b a / a n d L i n ( l 9 5 8 ) , Moscheler et_ a l . . ( i 9 6 0 ) repor ted t h a t l i m i n g 

increased pH, exchangeable bases, base s a t u r a t i o n end CEC of a c i d s o i l , 

U ik lander ( i 9 6 0 ) wh i le working on i n f l uence of l im ing repor ted t h a t two 

important r e a c t i o n s take p lace between s o i l and l i m e . 

i . R H + CaCO = R Ca + H2O + CO 

i i . R A l _ + 3 CaCO + 3 H 0 = R Ca + 2 Al(OH) + 3" CO 

Where R, H and A l stand f o r s o i l complex, exchangeable hydrogen and 

exchangeable a luminun , r e s p e c t i v e l y . 

Lime and P - a p p l i c a t i o n i n a c i d s o i l s i n v a r i a b l y improved s o i l 

p r o d u c t i v i t y th rough var ious changes i n phys ico-chemica l p r o p e r t i e s o f 

s o i l s and a v a i l a b i l i t y of p l an t n u t r i e n t s , as descr ibed under the f o l l o w i n g 

heads:: 

1 . E f f ec t on s o i l pH 

Perhaps the most important chemical t e s t o f a s o i l as a medium 

f o r p l a n t growth i s i t s pH value (Dackson, 1958) . The a v a i l a b i l i t y and 

s o l u b i l i t y of many n u t r i e n t s are c l o s e l y r e l a t e d t o s o i l pH (T ruog , 1948) . 

Alban and L i n (1958) repor ted t h a t l i m i n g o f a c i d s o i l s i n i t i a l l y increases 

s o i l pH and r a i s e s the concen t ra t i on o f Ca and OH ions of the s o i l 

s o l u t i o n . Savant and Kibbe (1972) s tud ied the i n f l uence o f added Ca(OH) 

on pH and s o i l a c i d i t y . These workers concluded t h a t by adding Ca(OH) 

equ iva len t t o 92 per cent of t o t a l a c i d i t y helped in r a i s i n g the pH t o 

n e u t r a l i t y , 

Barde ( l 9 5 6 ) noted t h a t pH was r a i s e d t o 7,1 as a r e s u l t of 

a d d i t i o n o f l ime equal t o l ime requirement i n a c i d s o i l s o f Chiphlum. 

Varade (1963) repo r ted t h a t a p p l i c a t i o n of l ime in inc reas ing doses t o 



- 15 -

S i n d e u a l r i s o i l did not produce any app rec i ab l e change in s o i l pH, Zonde 

et , al_. (1968) found t h a t by the a p p l i c a t i o n of CaCO , t he pH of t h e s o i l was 

r a i s e d , however, the inc rease was not achieved upto t h e des i red l e v e l even 

a f t e r 28 months. Badanur and Uenkata Rao (1975) showed a s l i g h t inc rease in 

pH as a r e s u l t of a d d i t i o n of P in t h e form of superphosphate with lime 

a p p l i c a t i o n . Yaduvanshi (19B0) showed t h a t a p p l i c a t i o n of lime cont ined with 

f e r t i l i s e r r e s u l t e d in an increase in pH but i t was not t o the ex ten t compared 

with l iming a l o n e . Mandal et_ a l . (1955) conducted experiments on a c i d i c sandy 

loam s o i l s of Islampur farm in e a r l y f i f t i e s for change in pH and degree of 

calcium s a t u r a t i o n by liming a t moderate and heavy doses repor ted p rog res s ive 

r i s e in pH from 5.3 t o 6,2 with moderate liming and from 5,2 to 7,05 under 

heavy l iming . Again Mandal et_ al , . (1975) r epor t ed a r i s e in s o i l pH from 5,5 

t o 6 . 3 , 6 , 5 , 6,8 and 7,3 and inc rease tl per cent of Ca by 14.7 , 3 2 . 4 , 64,7 

and 79,4 with r e s p e c t i v e doses of Ca a p p l i c a t i o n , 

Sinha et a l , (1965) conducted another experiment on acid loam s o i l of 

Chota Nagpur during 1956, 1958 and 1961 by applying 2700 kg/ha lime with and 

without NPK. The i r data showed cons iderable r i s e in s o i l pH in f i r s t year 

but such increase in pH was not found in subsequent years due to the 

f e r t i l i s e r a p p l i c a t i o n . 

2 , Effect on organic carbon 

Prasad et a l , ( l976) observed t h a t Miming increased the r a t e of 

oxidat ion of o rgan ic m a t t e r , brought about increase in pH, exchangeable Ca , P 

and lime p o t e n t i a l value of the s o i l . Plandal et_ a l , (1969) and Sharde (1978) 

repor ted t h a t t he add i t ion of lime a c c e l e r a t e d the r a t e of decomposit ion of 

o rgan ic m a t t e r . Benef i c i a l e f f ec t of phosphat ic f e r t i l i s e r s i n inc reas ing the 

organic carbon content of the s o i l has been repor ted by Kanwar and Pr ihar 

(1962) and Pharande and Biswas ( l 9 6 8 ) . Vig and Bhuntla (1970) and Sandhu ( l 9 7 l ) 
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found that application of FW and P»-fertilisers increased the organic carbon 

of the s o i l . Prasad et al_. (1971) reported that the application of lime 

alongwith f e r t i l i s e r (L4WPK) reduced the value of organic matter. Organic 

matter content of the Hebbal Red loamy so i l s increased to the extent of 2.14 

to 22,8 per cent over control with the addition of lime and phosphorus in 

combination indicating the increase in available N of soi l (Badanur and 

Venkata Rao, 1975). 

3, Effect of ava i l ab i l i ty of plant nutr ients 

The role of lime in the correction of the undesirable effects of 

so i l acidi ty on plant growth is probably the most complex role to be found in 

so i l s (Pearson, 1958). Liming alonguith phosphorus increase the so lub i l i ty 

6f -^Dther nutr ient ions rapidly (alban and Lin, 1958; Wiklander, I960), 

The re la t ionship between the plant nutrient ava i l ab i l i t y and soi l pH is an 

important one and liming is well known for i t s so i l s ameliorating effect due 

to the decreased mobility of toxic Al, Fe and Mn (Motiramani, 197l) , The 

ava i l ab i l i t y of micro and macro-nutrients, par t icu lar ly of anion micronutrients 

is increased by liming acid so i l s (Zlackson, 1967), 

Nitrogen 

Application of lime has been reported to increase the ava i l ab i l i t y 

of so i l N by number of workers (Abhichandani and Petnaik, 1961; Balasco and 

Cornfield, 1967; McLean, 1970; nunus et_ a l . , 1977). I t is either due to 

increase number of amonifers (Kolzov, 1955) or n i t r i f i e r s (Jha, 1955), which 

ultimately increased the N-content of the so i l through accelerating the ra tes 

of ammonification, atmospheric N-fixation and n i t r i f i ca t ion processes. Sahu 

(1965) also noted higher content of nitrogen in limed p lo t s . 

Application of 560 fcg/ha of lime increased available N from 297 to 



- 17 -

323 kg/ha i n Hadhya Pradesh s o i l s (Mo t i raman i , 1967) . Fu r t he r , g radua l 

increases i n the amount o f l ime a p p l i e d upto 3360 kg/ha d i d not increase the 

a v a i l a b i l i t y of n i t r o g e n . Increased n i t r a t e p roduc t i on occurred as the pH 

was ra i sed from 5.0 t o 6.2 and then t o 7 ,4 (Pearson, 1958) , w i t h the reasons 

t h a t a o p l i e d NH -N was converted to the more r e a d i l y leached n i t r a t e s form 
4 

i n l imed s o i l s f a s t e r than i n very ac id -un l imed s o i l s (Uakesman, 1952) . 

The losses of M from ac id sandy s o i l as bo th n i t r i c oxide and N 
2 

amounted to as much as 74 per cent of the added NH -N ceased when sufficient 
4 

CaCO was added t o r a i se the pH about 5.5 (Pearson, 1958) . Nyberg and Hoyt 

(1978) repo r ted t h a t l im ing the s o i l s to about pH 6.7 app rox ine te l y doubled 

the amounts of a v a i l a b l e N dur ing i n c u b a t i o n . They f u r t h e r repor ted t h a t 

n i t r i f i c a t i o n was s i g n i f i c a n t l y r e l a t e d t o the base s a t u r a t i o n , 

Borthakur and Majmudar ( l 9 6 8 ) repo r ted t ha t l i m i n g increased 

average minera l N content o f ac id s o i l s s i g n i f i c a n t l y under low mois ture • 

c o n d i t i o n s . Perus et_ al_. (1973) concluded t ha t the presence of l ime 

acce le ra ted the r a t e o f n i t r i f i c a t i o n s i g n i f i c a n t l y . Leaching losses o f 

ammonium can a l s o be decreased and the r e s i d u a l va lue of subsequent crops o f 

the unused p o r t i o n o f app l i ed N f e r t i l i s e r improved by the proper use o f l ime 

(Uolk and B e l l , 1944) , Liming i s , t h u s , seen t o g i ve increased crop growth 

w i t h a consequent improvement i n the u t i l i s a t i o n o f both a p p l i e d and n a t i v e 

n i t r o g e n . 

Organic mat ter content of Hebbal Red loamy s o i l s increased t o the 

extent of 2.14 t o 22.8 per cent over c o n t r o l , w i th a d d i t i o n o f l ime and P 

in combinat ion i n d i c a t i n g the increase in a v a i l a b l e N o f s o i l (Badanur and 

Venkata Rao, 1975) . 

I n a long term experiment being conducted oh Sicid a l f i s o l a t 

Palampur s ince 1972-73 i t was noted t h a t a v a i l a b l e N increased on an average 
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upto 822.8 and 835 kg/ha in NP and NPK+lime treatments, respectiuely, during 

1972-73 io 1979-80 over i n i t i a l values of 736 kg/ha (Anornynious, 1980), 

Phosphorus 

Phosphorus has been one of the f i r s t l imiting factors for crop 

production in many of the virgin so i l s throughout the world (Peech, 1946 

and Wilson, 1956), 

The extensive investigations were summarised by ^iheeler (l897) 

while dealing with the liming of acid upland so i l s and at t racted a t ten t ion 

to the favourable influence of t h i s practice on P-ava i lab i l i ty , Hilgard 

(1907) believing "A lime country i s rich country" stressed the favourable 

influence of lime on the ava i lab i l i ty of so i l P. Albracht and Klemme 

(l939) reported that application of limestone and superphosphate to mineral 

so i l s approximately doubled the P-content of Lespedza forage over the 

conta inedin plants from soi l receiving superphosphate alone, 

Neiler (l953) u/as of: the opinion that in acid so i l s lime i s 

generally credited with the ab i l i ty to make more of the P of and added 

phosphate avai lable to crops par t icu lar ly true for so i l s high in Fe and Al, 

Liming of l a t e r i t e so i l from Ratanagiri d i s t r i c t increased the efficiency of 

added soli±)le P̂ O (Gokhle et_ al_., 1954). Mariakulandai et. al_. (1955) 

reported that P added to l a t e r i t e so i l s of Ni lg i r i s was fixed by the free 

Fe and Al oxides present in high amounts i n these s o i l s . When lime was 

applied to these soi ls i t resulted in greater ava i l ab i l i t y of P by reducing 

i t s f ixat ion. Kanwar and Grewal (i960) observed that phosphate fixation 

decreased with the increase in pH and degree of base sa tura t ion, 

Stewart and Pearson (1952) found that liming increased the 

ava i l ab i l i t y of soi l -P and decreased the percentage uptake by crimson clover 
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from f e r t i l i s e r . Sa l te r and Barnes (1935) repo r ted t h a t maximum a v a i l a b i l i t y 

of both na t i ve and added.-P in Ohio s o i l s was a t t a i n e d a t approx imate ly pH 

7.0 and l ime alone produced nea r l y as l a rge y i e l d o f some crops as d i d l ime 

p lus phosphate. Tay lo r and Gurney ( l 9 6 5 ) c a r r i e d out a study on f i v e ac id 

s o i l s . Four out of f i v e ac id s o i l s showed a decrease in P>-concentration w i t h 

the a d d i t i o n o f f i r s t l e v e l o f EaCO_, w i t h the f u r t h e r a d d i t i o n there was no 

d e f i n i t e t r end i n the P>-concentration of the s o l u t i o n . However, they found 

t h a t the r es i n ' - ex t r ac tab l c P- increased w i t h l im ing on a l l the f i v e s o i l s , 

B e n e f i c i a l e f f e c t s o f l ime on the a v a i l a b i l i t y of na t i ve and added 

P from a c i d s o i l s are w e l l known (S ingh and Seatz, 1961) . Evidence o f g rea te r 

a v a i l a b i l i t y o f P as rendered by l i m i n g o f a c i d s o i l s has been fu rn i shed by 

Ra i s i . aL . ( 1 9 6 3 ) . Mathan (1964) observed t h a t ac id s o i l s of N i l g i r i s 

responded to l ime by re leas ing more P„0 , Mot i ramani (1967) repo r ted increasei 
2 5 

a v a i l a b i l i t y of P ( l 7 t o 22 kg P 0 / ha ) on a p p l i c a t i o n of 3360 kg CaCO /ha i n 
2 5 * 3 

fladhya Pradesh s o i l s . 

In the a c i d i c a l l u v i a l s o i l s of Assam, the b e n e f i c i a l e f f e c t o f l ime 

on P « - a v a l i a b i l i t y has been repor ted by Roy (1967 ) . Thus increased 

a v a i l a b i l i t y of s o i l - P i s o f t e n c i t e d as one o f the p r i n c i p a l b e n e f i t s 

des i red from l i m i n g ac id s o i l s ( G r i f f i n , 1971 , A m r a s i r i and Olsen, 1973) , 

Sahl e t ajj,. (1969) suggested t h a t l im ing increases a v a i l a b i l i t y of P on l y 

upto fou r t o f i v e months and t h e r e a f t e r the a v a i l a b i l i t y decreases due t o 

reve rs ion of so lub le P t o d i f f i c u l t so lub le fo rms. Ra i e_t ajL. ( l 9 6 3 ) r epo r t ed 

t h a t the a v a i l a b l e P~content of the acid s o i l from Kanke farm i n B ihar d id 

not increase due t o l i m i n g . Oh the other hand, t he re was a d e f i n i t e 

increase o f P-concent ra t ion i n p l an t leaves in l imed p l o t s i n d i c a t i n g h igher 

uotake o f P by p l a n t s due t o l i m i n g . 
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Iyengar (1963) working on phys ico-chemica l c h a r a c t e r i s t i c s and 

n u t r i e n t s ta tus of Malnad s o i l s o f Mysore s ta te found an increase in the 

a v a i l a b i l i t y o f P when app l i ed a longu i i th l i m e . R a i e t a l . (1963) repo r ted 

t h a t P ^ f e r t i l i s e r s and l ime increased the a v a i l a b l e P content of the s o i l . 

The a p p l i c a t i o n o f superphosphate a longwi th l ime increased the l e v e l o f 

a v a i l a b l e P-^ i n Amgon s o i l ( B h u j b a l , 1956) . 

Badanur and \/enkata Rao (1975) working w i t h Hebbal red s o i l s s tud ied 

cumulat ive e f f e c t o f a p p l i c a t i o n and a d d i t i v e i n f l u e n c e o f P and l ime 

a p p l i c a t i o n . Liming alone at the r a t e of 2 tonnes per hectare increased the 

a v a i l a b l e P content of the s o i l by 4 .9 ppm over i n i t i a l value of 4 .3 ppm. 

On the o ther hand, when P at the r a t e of 40 , 80 , 160, 320 kg P 0 /ha a p p l i e d 

w i t h the l ime doses, the increase i n the a v a i l a b l e P were found to be 9 , 2 , 1 1 . ' 

1 8 , 9 , 20,7 ppm r e s p e c t i v e l y , over c o n t r o l . In recent rev iew f o r example, 

Sauchez and Uehara (IgSO) s ta ted t h a t l i m i n g v a r i a b l e charge ac id s o i l s t o a 

pH of 5.5 t o 6 . 0 , decreases but not e l i m i n a t e P>- f i xa t i on . 

Potassium 

The a p p l i c a t i o n of l ime has been repor ted t o i nc rease , decrease or 

cause no e f f e c t on the K» -ava i l ab i l i t y i n s o i l s depending upon i n i t i a l 

degree o f base s a t u r a t i o n (Peech and B r a d f i e l d , 1943| Thomas and H i p p , 1968j 

Gupta et a l . » 1977) , However, l i m i n g a very ac id s o i l was found to increase 

K a v a i l a b i l i t y (Varghese and r ionsy, 1965; Mo t i raman i , 1967; McLean, 1970) , 

Th is may be due t o the fac t t h a t l i m i n g reduced the leach ing of K in c e r t a i n 

s t r o n g l y a c i d i c s o i l s which increase l e v e l s of exchangeable K in the sur face 

s o i l s (Krause , 1965; B lack , 1968; Mehilum et, a l _ . , 197o) , 

York and Rogers ( l 947 ) wh i le measuring the i n f l uence of l ime on 

e i t h e r K-release or f i x a t i o n , operat ing at some t i m e , po in ted out t h a t these 

e f f e c t s found dependent upon the K content of the s o i l i t s f i x i n g capac i t y 
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and other c h a r a c t e r i s t i c s . I t has f i r m l y es tab l i shed t h a t leaching losses 

of K are reduced by l i m i n g . Peech and B r a d f i e l d (1943) concluded . that i t 

was u n l i k e l y t h a t l im ing a t moderate r a t es even fo r long per iod cause a 

s i g n i f i c a n t r e v i s i o n o f added or exchangeable K t o non-exchangeable form and 

i n h i b i t e d t o some degree the re lease o f exchangeable-K, Qi the o ther hand, 

l im ing s t r ong l y ac id s o i l to pH 5.4 t o above decreased, exchangeable K 

(MacLeod a t a l . , 1964) . 

fedrakar and Kibbe (1972) observed s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n 

between exchangeable, a v a i l a b l e and water so lub le K Q content and CaCO in 
2 3 

Mahermohtra s o i l s . A s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between a v a i l a b l e K 

content and CaCO was observed i n deep blacky red and ye l low s o i l s of Madhya 

Pradesh (Uerma and Verma, 1968) . 

Powel l and Hutcheson ( l 9 6 5 ) observed t h a t we t t i ng and d ry ing 

cyc les fo l l owed by l i m i n g reduced l e v e l s o f exchangeable-K i n s o i l s 

con ta in ing micaceous m i n e r a l s . Pearson (1958) enumerated four ways in which 

l i m i n g i n f l u e n c e s na t i ve and app l i ed K i n s o i l s t ( i ) I t may depress the 

uptake of so lub le K, ( i i ) I t may increase or decrease the r a te of re lease o f 

n a t i v e s o i l non"-exchangeable K, ( i i i ) I t tends t o increase the r a te o f K 

f i x a t i o n i n t o l ess so lub le fo rm, and ( i v ) i t decreases leaching losses of K, 

The e f f e c t o f l i m i n g on K - f i x a t i o n and re lease i s s t i l l not c l e a r . 

Resu l t s repor ted in the l i t e r a t u r e can be quoted t o show tha t e f f e c t ranges 

a l l the u^y from s t r o n g l y repress ing the conversion o f non>-exchangeable K 

i n t o exchangeable form, to s t r o n g l y favour i t . Sarkunan et a l . (1973) found 

no e f f e c t o f CaCO o1^ K a v a i l a b i l i t y i n south Arco t s o i l s of Tami l Nadu, 
o 

Prasad et a l . (1976) working on a c i d i c red loams of Kanke long te rm 

exper imenta t ion i n d i c a t e d increase in exchangeable K content of the s o i l due 

t o the a p p l i c a t i o n of l ime and NPK f e r t i l i s e r s . 
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Calcium and flaqnesium 

Ca and fig a r e more e n e r g e t i c a l l y bonded to permanent charge on 

s o i l c o l l o i d e s than t o var ious weakly ac id exchange s p o t s , thus a v a i l a b i l i t y 

,.fM +-4-

of Ca and Mg increased by liming (Coieman et a l » , 1959) , a s more calcium 

and magnesium move from lime p a r t i c l e s to exchange s i t e s (Sinha and Singh, 

1966) , 

Wiind et. a l . . ( l97o) observed g r e a t e r a v a i l a b i l i t y of Ca in Ca 

l a b e l l e d l̂ ime in t h e Palampur acid s o i l s . The e f fec t of lime was more 

conspicuous on Ca than Pig (Roy, 1967) . Helyer and Anderson (1974) r epor ted 

t h a t the liming of acid s o i l s r e s u l t e d in the increase of t h e a v a i l a b i l i t y of 

Ca, but they observed t h a t t h e r e was l i t t l e e f fec t on the a v a i l a b i l i t y of 

o ther Ca t ions . Sinha et_ al_, ( l965) and Kothan Daraman and Mariakulandai 

(1965) found an a p p r e c i a b l e increase in exchangeable Ca due t o liming of 

acid s o i l s of Chotta Nagpur. They a l s o found t h a t exchangeable Ca increased 

in the f i r s t year of lime a p p l i c a t i o n and then i t decreased in subsequent 

years though i t was s t i l l r e l a t i v e l y a t a higher l e v e l in lime t r e a t e d s o i l s 

a s compared t o un t rea ted s o i l s . 

A d e f i n i t e r i s e i h exchangeable Ca and Mg on a p p l i c a t i o n of dolomite 

in a c i d i c s o i l s of Chotta Nagpur have been repor ted by Sinha and Singh ( l 9 6 6 ) . 

They fu r the r s tud ied the ef fec t of Ca(OH)_ and Mg(OH) on Ca and Mg content 

of ac id i c red loam s o i l s of Kanke (Ranch i ) . A p rogress ive r i s e i n Ca and Mg, 

a decrease in exchangeable Mg was observed with inc rease in Ca a d d i t i o n . 

++ 

Oh the other hand, with inc rease in Mg a d d i t i o n , exchangeable Ca decreased 

wMUe exchangeable Mg i n c r e a s e d . Increase in the case of Ca or Mg, t h e r e f o r e , 

depends on the c o n s t i t u e n t e lements of the liming m a t e r i a l , Prasad et_ a l . 

(1976) r epor t ed t h a t app l i ca t i on of lime increased exchangeable Mg content of 

the s o i l . 



CHAPTER - I I I 

* * » • * » * * # # » # < f * * » » # # * * * 

^ MATERIALS AMD PIETHODS ^ 



CHAPTER^III 

MATERIALS AND METHODS 

A d e t a i l e d account of m a t e r i a l s used and the methods fo l lowed i n 
f 

the i n v e s t i g a t i o n o f " E f f e c t of l im ing on the forms o f P and other s o i l 

p r o p e r t i e s i n an a l f i s o l o f Palampur (Himachal Pradesh)"ars g iven i n t h i s 

chap te r , 

1 . F i e l d experiment 

The f i e l d experiment was conducted a t Bhadiarkhar research farm o f 

Himachal Pradesh K r i s h i Vishua U idya iaya , Palampur, on paddy-^heat r o t a t i o n 

dur ing the W i a r i f season of 1982 under auspices o f " A l l I n d i a Co-ord inated 

Agronomic Research P r o j e c t , " Lime was app l ied 15 days before t r a n s p l a n t i n g 

t o s t a b i l i s e the s o i l pH t o a des i red l e v e l . The ino rgan ic -P f e r t i l i s e r was 

a p p l i e d i n the sub -p lo t s a t the t ime of t r a n s p l a n t i n g . I n the k h a r i f season 

of second year one f o u r t h of l ime and f u l l dose o f P was app l i ed t o the main 

and s u b p l o t s , r e s p e c t i v e l y . But i n the f o l l o w i n g r a b i season on ly f u l l dose o f 

P was a p p l i e d be fo re the sowing o f wheat c rop . Uniform doses o f N and K 

were a p p l i e d @ 120 and 60 kg per h e c t a r e , r e s p e c t i v e l y , i n each p l o t t o bo th 

the c rops . The r e s i d u a l e f f e c t of l i m i n g was s tud ied i n wheat crop (Rab i 

season) 1983-84 o n l y . The s o i l samples were c o l l e c t e d before and a f t e r the 

crop and the y i e l d was a l s o recorded fo r the same season, 

1.1 S i te and l o c a t i o n : B l ^d ia rkha r research s t a t i o n i s about 5 km from 

the u n i v e r s i t y campus and i s s i t u a t e d at 32 6 ' N l a t i t u d e and 76,3 C l ong i t ude 

has an a l t i t u d e of 1180 m above mean sea l e v e l . The area l i e s i n the Kangra 

v a l l e y o f Himachal Pradesh at the f o o t of Dhauladhar h i l l ranges o f g rea t 

Himalaya and represents h igh r a i n f a l l m i d - h i l l zone o f Himachal Pradesh, 

1.2 Cl imate and weather c o n d i t i o n s : Cl imate o f t h i s place i s sub-temperate 

humid w i t h moderately hot summer and severe cold w i n t e r . R a i n f a l l i s very 
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h i g h a v e r a g i n g a b o u t 2500 mm a n n u a l l y . 62 p e r c e n t o f t h e t o t a l r a i n f a l l 

i s r e c e i v e d i n t h e months o f D u l y t o September . The mean r e l a t i v e h u m i d i t y 

v a r i e s f r om 45 .6 t o 8 4 . 6 p e r c e n t , t h e minimum be ing i n May and msximun i n 

D u l y , 

1 .3 S o i l s ; The s o i l s i n Palampur r e g i o n a r e a c i d i c i n r e a c t i o n w i t h 

s i l t loam t o c l a y loam i n t e x t u r e . The s o i l s have been deve loped under t h e 

dom inan t p r o c e s s o f p o d z o l i s a t i o n and g e n e t i c a l l y c l a s s i f i e d a s g r e y b rown 

p o d z o l s . A c c o r d i n g t o t h e 7 t h A p p r o x i m a t i o n sys tem t h e s e s o i l s a r e c l a s s i f i e d 

i n t h e o r d e r a l f i s o l w i t h t y p i c h a p l u d a l f s as s u b g r o u p . The r o c k s t o w h i c h 

t h e s o i l s o f t h i s a r e a owe t h e i r o r i g i n a r e s l a t e s , p h y l l i t e s , q u a r t z i t e s , 

s c h i s t s and g n e i s s e s . Some p h y s i c o - c h e m i c a l p r o p e r t i e s o f t h e s o i l s o f 

e x p e r i m e n t a l s i t e d e t e r m i n e d a t t h e i n i t i a t i o n o f t h e e x p e r i m e n t a r e g i v e n 

i n t h e f o l l o w i n g t a b l e . 

T a b l e 1 . Phys i co>-chemica l p r o p e r t i e s o f t h e s o i l s o f e x p e r i m e n t a l s i t e 

S o i l p r o p e r t i e s • Average v a l u e 

M e c h a n i c a l c o m p o s i t i o n 

Sand {%) 2 2 . 7 

S i l t {%) 4 7 . 4 

C l a y i%) 2 3 . 5 

T e x t u r a l c l a s s S i l t l oam 

pH 5 .60 

Organ i c ca rbon (%) 0 . 9 5 

A v a i l a b l e N (kg/ha) 531 .4 

A v a i l a b l e P (kg/ha) 1 6 . 9 

A v a i l a b l e K (kg/ha) 324.2 

The p a r t i c u l a r s of experiment are as under: 

Year o f s t a r t : 1982-83 

Design t S p l i t p l o t design w i t h l ime i n main p l o t s 

and P - leve l s in Bubnlnh<=, 
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No.of r e p l i c a t i o n s * Four 

T o t a l No .o f p l o t s t Fo Tty«-eiQht. 

The present study inc lude on ly c o l l e c t i o n of p l an t and s o i l samples 

from Rabi l983'-84 w i t h the f o l l o w i n g t reatmentsS 

a) Lime l e v e l s (Main p l o t s ) 

L = Con t ro l ( o r i g i n a l pH) 

L = 1.25 t / h a 

L = 2.50 t / h a 

Lg = 5.50 t / h a 

b) Phosphorus l e v e l s ( s u b - p l o t s ) 

P„ = Control 
0 

P, = 45 log/ha 
1 

P = 90 kg/ha 

2 . Source of n u t r i e n t s 

N i t r o g e n , phosphorus, potash were app l ied through CAN, superphosphate 

and mur ia te of p o t a s h , r e s p e c t i v e l y , 

3 . Methods 

3.1 C o l l e c t i o n and p repara t ion of s o i l samples: The rep resen ta t i ve s o i l 

samples from two depths 0-15 and 15-30 cm from i n d i v i d u a l p l o t s wcvc c o l l e c t e d 

f o r the study be fo re sowing and a f t e r harvest o f wheat crop dur ing Rabi 1983-B^ 

Also the crop produce samples v i z . , g r a i n and straw from i n d i v i d u a l t rea tment 

( p l o t ) were c o l l e c t e d a f t e r the harvest of c r o p . These samples were then 

a i r - d r i e d , ground and s to red i n the polythene bags f o r a n a l y t i c a l work. 

3 .2 Methods o f ana lys is? S o i l samples c o l l e c t e d were analysed f o r s o i l pH, 

o rgan ic carbon, a v a i l a b l e N, P, K, inorgan ic P - f r a c t i o n s , organic phosphorus, 

exchangeable ca t i ons and exchangeable a c i d i t y . The p lan t samples were 

analysed only f o r t o t a l P. The standard methods used fo r the s o i l and p l a n t 
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Table 2 

Sr , 
No, 

Determinat ion Method f o l l o u e d 

1 , S o i l Ana lys is 

a) Sand, s i l t and c l ay content 
(mechanical f r a c t i o n s ) 

b) pH ( 1 : 2 . 5 s o i l water r a t i o ) 

c) Organic carbon 

d) A v a i l a b l e n i t r ogen 

e) Ava i l ab l e phosphorus 

f ) A v a i l a b l e potassium 

g) Ino rgan ic -P f r a c t i o n s 
( s a l o i d - P , Fe-P, Ca-P,A1-P) 

h) Exchangeable Ca and M^ 

1) Exchangeable Na 

j ) Exchangeable a c i d i t y 

k) Organic-P de te rm ina t ion 

I n t e r n a t i o n a l p i p e t t e e method (P ipe r ,1966) 

Glass e lec t rode pH meter (Oackson, 1973) . 

Rapid t i t r a t i o n method (Ua l k l ey and B l a c k , 
( 1 9 3 4 ) . 

A l k a l i n e permanganate method 
(Subbiah and A s i j a , 1956), 

Method of OLsen et. al_. ( 1954 ) . 

Method o f Hanuiay and Heida l (1952) by 
f lamephotometer. 

Method o f Chang and 3ackson (1957) mod i f i e 
by Peterson and Correy (1966 ) . 

E D T A - t i t r a t i o n method ( B l a c k , 1965) , 

Flamep hot ometr i c a l l y 

Barium c h l o r i d e t r i e thano lam ine method 
(Peech et a l . , 1962) . 

The organic-P i n s o i l s was determined by 
successive e x t r a c t i o n s w i th concent ra ted 
HCl and then w i t h D.5N NaOH at room 
temperature f o r one hour and 0.5N NaOH 
at 90°C fo r 8 hours as g i ven by Mehta et. a 
(1954 ) . The d i f f e r e n c e in content of 
inorgan ic and t o t a l phosphorus i n the 
combined e x t r a c t s was taken as t o t a l organ 
phosphorus in the s o i l . The t o t a l P and 
inorgan ic P were determined c o l o r i m e t r i c a l 
as ino rgan ic -P by Olsen's method ( A l i q u o t 
taken a f t e r f l o c c u l a t i c n and s e t t l i n g o f 
p r e c i p i t a t e d o rgan ic m a t t e r ) , I j jh i le 
a l i q u o t e i t h p r e c i p i t a t e d o rgan ic matter 
suspended i s d iges ted w i t h HCIO f o r 
determin ing the t o t a l P . 

(The d e t a i l s f o r the de te rmina t ion of 
organic-P are g iven i n the f low-sheet on 
the next page) . 
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2 , P lan t a n a l y s i s 

A known weight o f the ground p l a n t sartples was d igested as per wet 

d i g e s t i o n method ( L e e , 1966) and phosphorus was determined by the f o l l o w i n g 

method: 

Phosphorus UanadoHnolybdate method (Dackson, 1973). 

4 . S t a t i s t i c a l Ana lys is 

For eva lua t ing the e f f e c t o f va r ious t rea tments on the y i e l d o f 

wheat, P-uptake and other s o i l p r o p e r t i e s w i t h t h e i r i n t e r a c t i o n e f f e c t s 

were analysed according t o the s t a t i s t i c a l methods suggested by S tee l and 

T o r r i e ( 1968 ) , 



CHAPTER.-I\/ 

^ EXPEBIflENTAL RESULTS ^ 



CHAPTER^iy-

EXPERIf^ENTAL RESULTS 

Results pertaining to the residual effect of lime and direct effect 

of P on plant growth and so i l propert ies are presented under the follouing 

heads.J 

I . Yield and P-uptake by wheat 

I I . Relationship of P fractions with yield and P uptake. 

I I I . Available content of major nutr ients in so i l before and after 

the crop. 

I v. Exchangeable calcium and magnesiun, pH, organic carbon and CEC 

beforeithe af ter the crop. 

I • Xipld, and, P-uotake by uiheat 

The perusal of data revealed that grain yield was increased significantly 

by lime application from 32,75 q/ha at L to 45.57 q/ha at L by about 39,1 

per cent (Table l ) . However, the lime doses L , L and L were at par with 

each other. Lime levels did not show any signif icant effect on straw yie ld . 

The t o t a l P-uptake was increased significantly to the extent of 42,6 per cent 

with i t s value 17.49 kg /ha a t L and 24.95 at L l e v e l , 
u o 

Grain as well as straw yield was also increased s ignif icant ly with 

each lev/el of P and i t was to the extent of 48,3 and 32,0 per cent , 

respect ively, by the addition of P„ level of P. Total P uptake was a lso 

increased s ignif icant ly from 17,05 to 25.29 feg/ha to the extent of 54,2 per cent 

due to P over P level of applied P , The increase in P uptake was only 

34,5 per cent with f i r s t dose of P appl ica t ion. 

There was significant interaction between different levels of 

lime and P in influencing the grain yield. At the same level of P, the 

increasing leve ls of lime increased the grain yield from 18,10 to 39,4 q/ha 
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Table 1, Residual e f f ec t of l ime and d i r e c t e f f e c t of P on t h e y ie ld 
and P-uptake of wheat (S-308) 

a) 

b) 

c) 

Ef fec t of 

t-o s 
S 
C D , 

Ef fec t of 

P 
0 

Pl 

^2 
C.D. 

lifne l e v e l s 

5jg 

P - l e v e l s 

5^ 

I n t e r a c t i o n e f fec t of 

P - l e v e l s 

P 
0 

Pl 
P , 

Grain 

32.75 

44,48 

40,29 

45.57 

8,99 

31.93 

43.04 

47.34 

3.11 

LxP on 

18.10 

37.62 

42.52 

Yield 1 

q ra in 

L 

S 
38 

47 

47 

iq/h^) 
S trail! 

59.08 

69.17 

68.23 

68.48 

M.S. 

56.21 

67.74 

74.77 

4.96 

y i e ld ( a / h a ) 

ime 

.63 

.56 

.25 

l e v e l s 

S 
31.60 

40.34 

48.93 

Total P-uptake 
(kg/ha) 

17,49 

24,23 

21,68 

24,95 

4.10 

17.05 

22.93 

25,29 

2.13 

4 
39.40 

46.65 

50,65 

C.O. 5^ betuieen tiuot 

( i ) L means a t same l e v e l of P = 7.71 

( i i ) P means a t same l e v e l of L = 6,22 
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i . e . , upto 117.7 p i t cent due to L over L , ftt P and P levels of P the 

increase due to lime application uas very l i t t l e that i s only up to 24,0 per 

cent in P and 19,1 per cent in P„, Houeuer, a t the same level of lime the 
1 2 

effect of different levels of ,P uas more prominent at L level then at L , L 

and L levels of lime. The increase was to the tune of 134,9 per cent a t L , 

22,7 per cent a t L , 54.8 per cent at L and 28,5 per cent at L levels of 

lime u/ith the maximum (90 kg P Oc/^^) ^°s^ °^ phosphorus. Generally, L , 
2 3 I 

L and L doses were a t par among each other with same level of ei ther P 

or P or P levels of P-application, 
1 2 

I I . Relationship of P fractions with yield and P uptake 

The corre la t ioni studies given in Table 2 ( i ) reveals that grain 

yield and P uptake was s ignif icant ly and positively correlated uiith saloid-P, 

ftl~P, Fe-P, Ca-P, organio-P and to ta l P of the so i l . The per cent contribution 

of saloid and organic P towards grain yield was to the extent of 72 per cent 

by the both fract ions and was maximum, and that of Fe-P was minimum i . e . , 

42 per cent. 

The Olsen-P also showed a posi t ive relationship with grain yield and 

pL-uptake and i t contributed towards grain yield and P uptake upto 74 per cent. 

There was also a relat ionship of a l l the P-fractions with Olsen P, and a l l 

the inorganic-P fract ions showed thai r contribution from 79 to 88 per cent 

towards Olsen's P fraction (avai lable P). However, the organio-P contribution 

was much less i . e . , 56 per cent only (Table 2, i i ) as compared to other 

inorganio-P fract ions. 

I I I . Auqilqble content of malor nu t r ien t s in soil before and after the crop 

Results for avai lable P, P-fract ions, available nitrogen and potassium 

are given below; 
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Tab le 2 , C o r r e l a t i o n s tud ies 

i ) S imple c o r r e l a t i o n c o e f f i c i e n t s ( r ) of g r a i n y i e l d and P-uptake 
w i t h P- fTac t ions 

Dependent v a r i a b l e Independent v a r i a b l e 

S a l o i d - P 

A l - P 

Fe-P 

Ca-P 

Organic P 

T o t a l P 

Olsff i P 

Grain 

r 

0,85 

0.72 

0,67 

0.79 

0.85 

0.80 

0.86 

y ie ld 

r2 

0.722 

0.518 

0.448 

0.621 

0.722 

0.640 

0.740 

P-uptak 

r 

0.34 

0.72 

0.65 

0.80 

0.71 

0.80 

0.86 

e 
2 

r 

0.706 

0.518 

0.423 

0.640 

0.504 

0.640 

0.740 

i i ) Re la t i onsh ip of Olsen P w i t h o the r P f r a c t i o n s 

Salo id_P Al_P Fe-P Ca-P Organic P 

Olsen P r 0,94 0.91 0.90 0.93 0,75 

2 
0.884 0.825 0.810 0.855 0,563 
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i ) ft\/ailable P apd P f rac t ions 

a) Available P 

Results presented in Table 3 showed that available P in 0-15 en 

depth was s ignif icant ly increased with increasing levels of lime both before 

and af ter the wheat crop. In the former case, in case of no lime application 

i t s content was 16,62 kg/ha the loi;-L,t, i t was increased by 28,7, 53,-1 and 

87.2 per cent, respectively due to L , L_ and L_ levels of lime. In the 
1 2 3 

l a t t e r case lowest content was 21.28 kg/ha in case of no lime application 

which was observed to increase by 57,3, 72,1 and 125.9 per cent, respectively 

by the above said increasing levels of lime. Almost similar trend was 
found in 15-30 cm depth both before and after the crop. Before crop the 

lowest content of 18.23 kg/ha was observed in case of L level of lime which 

was s t a t i s t i c a l l y at par with 18,29 kg/ha in case of no lime application, 

An increase of 9,2 and 25,5 per cent respectively due to application of L 

and L over L was recorded in t h i s depth before the crop. After the 
J 0 

crop lowest content of available P 18,97 kg/ha, in case of no lime application 

was noted, over which increase of 15,1 , 32,3 and 7l ,7 per cent due to 

different increasing levels of lime were found, 

Available P was also s ignif icant ly increased to a large extent due 

to the application of increased levels of phosphorus in 0-15 cm and 15-30 cm 

depth both before and af ter the crop (Table 3) , In the upper depth, the 

lowest content of 17,23 kg/ha was recorded in case of P ^ p l i c a t i o n over 
0 

which increase of 34,7 and 83,3 per cent due to P and P levels of P were 
1 2 

found before the crop. In t h i s depth af ter the crop the lowest content of 

21,59 kg/ha in case of no phosphorus application was noted and increase of 

67.3 and 98,3 per cent, respectively , due to P and P„ levels of phosphorus 
1 2 

were observed, 
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Table 3 , Residual e f fect of l ime gf\d d i r e c t e f f ec t of P on avai lab le P 
(kg/ha) status of s o i l 

a^ Ef fec t of 

s 
4 
C D . 

b) Ef fec t of 

P 
0 

Pl 

\ 
c.o. 

0-15 
Before cro 

lime levels 

S% 

P levels 

SfL 

c)i)lnteracti[!)n ef fect 

P-le 

P 
0 

^1 

^2 
C D . 

yels 

16,62 

21.64 

25.75 

31.49 

2.11 

17.23 

23.24 

31.66 

2.11 

of LxP on 

'P 
cm 

Avai lable P (kq/ha^ 

Af ter crop 

21.28 

33.47 

36,68 

48.07 

2.48 

21.59 

36,23 

42.81 

2,30 

15-30 cm 
Before crop 

18.29 

18.23 

19.97 

22.95 

1.42 

17.20 

19.89 

25.54 

0.42 

avai lable P before soiuinq c 

••D 
0-15 

12.95 

16.30 

22.07 

'5^ between two: 

1 
16 

U i 
L. 

5-30 0-15 

.24 16,24 

17.41 

21 .28 

21.28 

27.44 

Tie levels 

Af ter crop , 

18,97 

21.33 

25.19 

32.57 

3.06 

20.01 

25.06 

28.49 

0.87 

)f wheat 

S 
15-30 0-15 

16,80 19.04 

19.04 24,08 

19.04 34.16 

I S 

17, 

20, 

21, 

• 

S 
.30 0-15 15-30 

,36 20.72 18.43 

,72 30.80 22.40 

,84 42.98 28.00 

0-l5cm l5-30cm 
( i ) L means at same leve l of P = 3,72 1.15 

( i i ) P means at safie leve l of L = 4,23 0,85 
1 

P- le ' 

^0 

'^ 

^2 

C D , 

ve ls 

1 

1 

S% between 

L, 

0-15 

9.52 

25.76 

28.56 

two: 
( i ) 

( i i ) 

D 
15-30 

17.06 

20.72 

21.84 

L means 
P means 

Lime l e v e l s 

••1 
0-15 15-30 

21,44 19,61 

34.16 21.28 

38.80 24.64 

L 
0-15 

28.56 

36.83 

44.67 

a t same l e v e l of P 
a t sane l e v e l of L 

2 
15-30 

21.84 

25.76 

28.00 

0-

4. 
4. 

s 
0-15 

35.83 

48.16 

59.22 

-15 cm 

• 0 9 
. 6 1 

l5-:?o 

25.76 

32.48 

39.49 

l5-30cn 

2.44 
1.75 
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S ign i f i can t in teract ion between levels of l ime and levels o f P wi th 

regard to content of avai lable P in 0-15 cm depth, both before and af ter the 

crop uias observed (Table 3 ) . At the sane levels of P the increasing leve ls 

of l ime resulted in s ign i f i can t increase in avai lable P except between L 

and L at P leve l of phosphorus before the crop, Houever, the maximum 
2 1 

(94.1^) increases in avai lable P due to increased leve ls of lime was observed 

at P l eve l of applied phosphorus. S im i l a r l y a t tiie same level of l ime the 

increasing levels of P resulted in an increase in the avai lable P except 

between P and P in case of no lime appl icat ion and the maximum (1o7 .4^ 

increase in avai lable P resulted a t L„ leve l of l ime due to P leve l of 

applied phosphorus. Trend of in teract ion between d i f f e r e n t leve ls of l ime and 

P in 0-15 cm layer a f te r harvest of crop wi th regard to avai lable P was 

almost s imi lar as was observed before the crop. At the same leve l o f P 

the increasing leve ls of l ime resulted in an increase of avai lable P, the 

maximtjtn (276,3^ at L P leve l and the minimum (86,9?^) at P l eve l of 

applied P, But, at P l eve l of phosphorus no s i gn i f i can t di f ference between 

L^ and L leve ls of l ime was observed, ftt the same l eve l of l ime the 

increased levels of P resulted in an increase in avai lable P, except between 

P. and P„ at L and L^ levels of l ime, the maximum increase of 200.0 per cent 
1 . 2 0 1 

a t L leve l of l ime was observed, 

In 15-30 cm depth also in teract ion between levels of l ime and phosphorus 

in inf luencing the content of avai lable P was s ign i f i can t both before and 

a f te r the crop, ftt the same leve l of P, there was s i gn i f i can t increase in 

the content of avai lab le P due to increasing leve ls of l ime in general, 

before the crop. However, at P̂ , l e ve l s , no s ign i f i can t di f ference between 

Lp. 4 L and L & 1 leve ls of l ime and at P leve l of phosphorus among L , 

L^ and L levels of l ime and at P̂  l eve l of phosphorus between L and L was 
1 2 •̂  0 1 
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n o t e d . At P l e v e l of phosphorus the tnaximum increase o f 31.6 per cent 

due t o L over L l e v e l o f l ime was recorded . At the same l e v e l of l ime the 
3 0 

inc reas i rg l e v e l s of phosphorus r e s u l t e d in s i g n i f i c a n t increase in a v a i l a b l e 

P content except a t L l e v e l of l ime uhere no s i g n i f i c a n t d i f f e r e n c e between 

P and P was observed. The maximum increases of 21,5 par cent due t o P̂  
1 2 1 

over P^ and 51.9 per cent of P over P a t L l e v e l o f l ime was seen. A f t e r 

the c r o p , a t the same l e v e l of phosphorus the inc reas ing l e v e l s of l ime r e s u l t e ; 

i n s i g n i f i c a n t increase i n a v a i l a b l e P except tha t no d i f f e r e n c e between L 

and L a t P l e v e l o f phosphorus and L and L. a t P l e v e l o f phosphorus was 

no ted . At P l e v e l of phosphorus the maximum increase of 88,8 per cent due 

t o L „ over L l e v e l of l ime was seen. At the same l e v e l of l ime the re was 
3 0 

s i g n i f i c a n t increase in a v a i l a b l e P due to increase in l e v e l s of phosphorus 

except t ha t no d i f f e r e n c e between P̂  and P at L l e v e l o f l ime was no ted , 
1 2 D 

I n t h i s case a l s o the maximum increase of 26,1 per cent due to P̂  over P 
"̂  1 0 

and 53,3 per cent due to P over P a t h ighest i , e . , L l e v e l of l ime was 

recorded . 

b) P - f r a c t i o n s 

In 0-15 cm depth the highest value fo r organ ic -P and lowest f o r 

sa lo id -P a t d i f f e r e n t l e v e l s o f l ime as w e l l as phosphorus (81,25 and 2,15 

ppm before the crop and 119,49 and 2,45 ppm a f t e r the crop) were recorded 

(Table 4 ) , Fe-P f r a c t i o n was found t o be dominant among inorgan ic P f r a c t i o n s , 

f o l l owed by Ca-P and A l - P , The A l -P f r a c t i o n showed maximum increase in i t s 

f r a c t i o n w i t h inc reas ing l e v e l s o f l i m e . And i t was t o the ex ten t o f 77 ,9 

per cent before the crop and 100,1 per cent a f t e r the crop due t o L over L 

l e v e l of l i m e . The increase in organ ic -P due to l ime l e v e l s was very l i t t l e 

as compared t o o ther f r a c t i o n s , except a t L l e v e l where i t was 36.2 per cent 
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a f t e r the c r o p . A l l the P f r a c t i o n s were found t o increase w i t h inc reas in l 

l e v e l s of l i m e , the maximum percentage increase in A l -P ( l O O . I ^ a f t e r the 

crop) and the minimum i n sa lo i d -P (38.2?S be fo re crop and 25»7X a f t e r crop) 

due t o L over L of l ime-. T o t a l P d id not increase w i t h l im ing both be fo re 

and a f t e r the crop and i t s value remained almost constant ( F i g , l ) , 

Thffi e f f e c t o f P i n inc reas ing the d i f f e r e n t f r a c t i o n s of P was 

maximum (100.3^) i n case o f o rgan ic P f r a c t i o n f o l l o u e d by A l ^J ( 6 9 , 3 ^ ) , 

Ca-P ( 5 0 , 0 ^ ) , Fe-P i^7,7%) and l a s t l y by sa lo id -P ( 1 5 . 7 ^ ) , Increas ing 

l e v e l s o f P have a lso shown a pronounced increase in t o t a l P content and i t s 

value increased to the extent o f 45,9 per cent and 48,4 per cent in both 

be fo re and a f t e r the c r o p , r e s p e c t i v e l y ( F i g , l ) . 

The b u i l d up o f organ ic P f r a c t i o n was more prominent due t o 

a p p l i c a t i o n of P r a t h e r than the a p p l i c a t i o n of l i m e . However, the e f f e c t o f 

added P as w e l l as of l ime was to the same extent i n case o f Ca-P, The Fe-P 

contents increased t o lesser ex ten t i . e . , 23.69 per cent and 17,66 per cent 

be fore and a f t e r the c r o p , r e s p e c t i v e l y , due t o P - a p p l i c a t i o n , A H ^ 

increased 69,3 per cent and 36,7 per cen t , r e s p e c t i v e l y be fore and a f t e r the 

c r o p , due t o P l e v e l of P a p p l i c a t i o n , 

i i ) Ava i l ab le N 

The a v a i l a b l e N content was s i g n i f i c a n t l y increased wi th increase 

in l e v e l s o f l ime i n b o t h , 0-15 and 15-30 cm depth before and a f t e r the 

crop (Tab le 5 ) , I n the former l aye r the content o f a v a i l a b l e N before the 

crop was 459,94 fcg/ha and a f t e r the crop 482.94 kg/ha. The increase in the 

f i r s t value was 25.4 per cent due to L over L ( w i t h no s i g n i f i c a n t 

d i f f e r e n c e among L , L and L ) and in the second value 26,2 per cent a t 

L over L^, I n the second dep th , the h ighes t increase before the crop was 
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Table 5, Residual effect of lime and d i rec t effect of P on the avai lable N 
s ta tus of so i l 

a) 

b) 

c) 

Effect 

S 
s 
C D . 

Effec t 

PQ 

P 
1 

^2 
C D . 

o::i5 
Before 

of l ime l e v e l s 

1 

\ 
1 

55s 

of P-
1 

J 
t 

5 ^ 

I n t e r a c t i o n 

P - l e u e l s 

"o 

"1 

"2 

459.94 

543.56 

576,59 

545.55 

5 1 . 01 

l e v e l s 

499.85 

545. S3 

548.79 

28.79 

e f fec t of l^P 

Lo 
0-15 15-

^ 439.03 

• 501.76 

508.02 

Avgi lable N 
cm 

(ka/ha^ 
15-30 en 

crop h f t e r crop Before crop 

on 

.3D 

482.94 

516,39 

572.93 

609.68 

22.28 

503.31 

537,44 

536.06 

N.S. 

a v a i l a b l e N 

569.49 

647,63 

634.84 

636,83 

29.64 

629.18 

623.60 

613.82 

N.S. 

a f t e r t he crop 

Lime l e v e l s 

h 4 0-15 15-30 0-15 l5-3( 

533.12 - 633,76 

501,77 

514.30 

534,59 

558.20 

0-

1 

After crop 

564.47 

650,85 

636,45 

649.26 

25.06 

653.52 

625.13 

602,21 

16.37 

L3 
] 0-15 15-30 

647.34 -

611.65 -

570.74 -

15cm l5-30cm 
CD, S% between tuos 

( i ) L means a t same level of P = 46.12 
( i i ) P means at s ^ e level of L = 53,76 
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13,7 per cent in L over L and a f te r the crop 15,3 per cent in L over L , 

whereas no s ign i f i can t di f ference in increasing due to L , L and L over 

L was seen before and a f te r the crop. 

Due to d i f f e ren t levels of phosphorus the avai lable status of N, in 

genera l , was increased with increase in levels of P in the 0-15 cm depth. 

The avai lable N was increased by 9,8 per cent due to P over P with non­

s ign i f i can t di f ference among d i f fe ren t leve ls of P a f te r the crop. In the 

second depth avai lable N was not influenced s i gn i f i can t l y due to d i f f e ren t 

levels of P before the crop but i t was decreased from 653,52 kg/ha by 4,5 

per cent and 8,5 per cent die to P and P , respect ively over P a f t e r the 

crop. 

In teract ion between d i f fe ren t levels of lime and phosphorus a f te r 

the crop was s ign i f i can t in 0"-l5 cm depth. At P the increase due to L 
0 1 

and L leve ls of lime was s i gn i f i can t l y higher than the preceding lower 

leve ls of l ime, but there was s ign i f i can t di f ference between L and L , 

At P. there was s ign i f i cant dif ference between L , L and L levels of lime 

but avai lable N was s ign i f i can t l y higher at L (611.65 kg/ha) than at other 

leve ls of l ime. At P the avai lable N due to two neighbouring leve ls of 

lime d id not d i f f e r ,whereas there was s ign i f i can t di f ference between L & 
0 

L_ and L 4 L . At the same leve l of lime var ia t ion in avai lable N due 
to d i f fe ren t leve ls of P was non-consistent. At L l eve l of lime there was 

0 
s ign i f i can t increase ( l5^ ) in avai lable N at P over P , At L and L 

l eve ls of lime no significant variat ion due to different levels of P was 

observed. And at L l e v e l , no dif ference i n avai lab le N due to P & P and 
3 0 1 

P & P was recorded but avai lable N was s i gn i f i can t l y decreased (11,8 

per cent) due to P and P • 
0 2 
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i i i ) Available K 

Average content of a v a i l a b l e K due t o d i f f e r e n t l e v e l s of lime in 

0-15 cm deoth was 324.15 kg/ha and 319,75 fcg/ha before and a f t e r t h e crop 

r e s p e c t i v e l y , and the corresponding values for 15"-30 cm depth were 255,75 

and 247»45 feg/ha (Table 6 ) . S i g n i f i c a n t d i f f e rence in a v a i l a b l e K of 15-30 

cm depth only a f t e r the crop was noted a t d i f f e r e n t l e v e l s of l ime except 

between L̂  and L„. 
1 2 

The average content of a v a i l a b l e K due t o d i f f e r e n t l e v e l s of 

phosphorus in 0-15 cm depth were 323,77 and 317,50 leg/ha before and a f t e r thi 

crop whereas the corresponding values for 15-30 cm depth were 255,83 and 

242.67 Isg/ha, Avai lable K did not d i f f e r due t o d i f f e r en t l e v e l s of phospho: 

except t h a t in 15-30 cm depth i t decreased from 230,0 kg/ha a t P by 9,8 

and 6,7 per cent r e s p e c t i v e l y a t P and P l e v e l s of phosphorus a f t e r the 

c r o p , 

j y • Exchangeable calcium and magnesium, pH^ organic carbon and CEC 

before and a f t e r the crop 

i ) Calcium and maQnesium 

Exchangeable Ca a s influenced by d i f f e r e n t l e v e l s of lime 

increased s i g n i f i c a n t l y due t o increased l e v e l s of lime only a f t e r the 

crop (Table 7 ) , The minimum value of 2,60 me/l00g s o i l a t L was 

increased by 62,7 per cent to 4.23 me/lOOg s o i l a t L before the crop and 

t h e corresponding values a t t h e corresponding l e v e l s of lime a f t e r t he crop 

was 2,25 me/lOOg s o i l increased by 103,1 per cent t o a value of 4,57 me/lOOc 

s o i l . Exchangeable Pig both before and a f t e r the crop was not a f f ec t ed 

by the increase in l e v e l s of l ime . 
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Table 6, Residual effect of lime and direct effect of P on the available K 
status of soil 

Available K (kg/ha) 

0-15 cm depth 15-5D cm depth 
Before crop A f t e r crop Before crop A f t e r crop 

a) E f f e c t 

•-Q 

s 
s 
4-
C.D. 

of 1 

S% 

ime l e v e l s 

313.6 

321.0 

328.5 

333.5 

N.S. 

296.5 

317.0 

324.5 

341.0 

N.S. 

b) E f f e c t o f P l e v e l s 

P 331.5 330.5 

P 321.0 313.5 

P2 318.8 308.5 

C D . 5^ N.S. N.S. 

258,5 268.0 

254,5 252,5 

255,5 242,5 

254,5 228,0 

N.S. 14.0 

257,5 

254.0 

256.0 

N.S. 

230.0 

252,5 

245,5 

7,27 
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Table 7 . Residual e f f ec t of l ime and d i r e c t e f f ec t of P on exdiangeable 
Cations (Ca"*^, Mg"*^ 

a ) 

b) 

Ef fec t of 

"-0 

s 
C D . 

EffBCt of 

PQ 

^ 

" 2 

l ime 

5% 

P lei 

l e v e l s 

k/els 

Excb^nq 

Calcium 

eable cal 
0-15 

Bef_qre_crpD î f t e r croD 

2,60 

3.23 

2.68 

4.23 

0.23 

3.26 

3.16 

3.29 

2,25 

3 .25 

3 .82 

4.57 

0.07 

3.17 

3.47 

3.80 

140ns (me/l0DQ* 
cm 

s o i l ) 

PlaQnesium 
Before croo 

1.58 

1.50 

1.60 

1.58 

N.S. 

1.51 

1.43 

1.49 

After croD 

1.39 

1.42 

1.52 

1.33 

N.S. 

1.41 

1.36 

1.42 

C D . 5% N.S. 0.07 N.S. N.S. 

c) I n t e r a c t i o n e f fec t of LxP on exchangeable cqlcium 

Lime l e v e l s 

R- leve l s 

P 
0 

^ 

Po 

S 
Before 
crop 

2 .5 

2 . 6 

2 . 8 

D 
After 
crop 

2.0 

2 . 2 

2 . 6 

S 
Before After 
crop 

2.9 

3 , 2 

3 . 7 

crop 

3 .1 

3 . 2 

3 , 5 

S 
Before After 
crop 

3 .2 

2 , 6 

2 . 3 

crop 

3.6 

3 . 8 

4 . 1 

Befor 
crop 

4 . 1 

4 . 3 

4 . 4 

4 
• e After 

crop 

4 . 0 

4 . 7 

5 , 0 

C.D. ^ between two: ^ ^ ^ ° ^ ^ ^' '^^^ 
crop crop 

( i ) L means a t same l e v e l of P _ n~3l n 13 
( i i ) P means a t s ^ e l e v e l of L = 0.39 0,15 
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Exchangeable Ca and Itg were not influenced by the increase in 

P-levels before the crop. Houieuer, exchangeable Ca a f t e r the crop was 

increased from 3,17 me/lOOg s o i l at P by 19.9 per cent to 3.8 me/lOOg s o i l 

a t P leve l of phosphorus, whereas exchangeable Mg ujas remained "almost 

the same. 

There was a s ign i f i can t in teract ion between d i f fe ren t leve ls o f 

lime and phosphorus inf luencing the amount of exchangeable calcium in the 

s o i l both before and af ter the crop. Before the crop the amount of 

exchangeable Ca was increased s ign i f i can t l y by increase in levels of lime 

at the same leve l of phosphorus except that at P and P levels of P in 

exchangeable Ca due to decrease in i t s amount at L„ to the amount a t L. 

was not s i g n i f i c a n t . Per cent increase in the amount of exchangeable Ca 

was the maximum (65.3 per cent) at P l e v e l due to L„ leve l of lime but 
' ^ 0 3 

otherwise the t o t a l amount of exchangeable Ca due to L at P l e v e l of 
o ^ 

phosphorus was maximum (4.4 me/lOOg s o i l ) . Exchangeable calcium was 

s i g n i f i c a n t l y decreased (38.0^) at L due to increase in levels of phosphorus 

v i s -a -v i s no s ign i f i cant increase at L and L due to increase in levels of 
0 3 

P, at L̂  due to increase in P levels from P to P^ was noted. Increase in 
1 0 1 

exchangeable Ca wi th increase in levels of lime at the same leve ls of 

phosphorus a f t e r the crop showed exactly the s imi lar t r end , no doiiat d i f ferent 

in magnitude and so was true wi th regard to var ia t ion in exchangeable calc i ia i 

wi th the increase in levels of P at the same l e v e l of l ime* 

i i ) Soi l pH 

Data given in Table 8 showed that the pH values influenced by 

d i f f e ren t leve ls of lime both before and a f te r the crop. In 0-15 cm layer 

the lowest ( 5 . l ) pH value at L was increased by 1.2 uni ts at L before the 
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crop 's imilar ly the corresponding increase in pH ualue a t L from 5»3 

to 6.4 a t L af ter the crop was noted. In 15-30 cm layer the lowest pH valu 

of 5,3 a t L was increased to 5,9 at L before the crop and af ter the crop 
LI O 

from 5,4 to 6,0 at giuen levels of lime (Table 8 ) , 

Soil pH, in general , was also increased due to increase in lev/els of 

phosphorus. In 0»-15 cm layer before the crop pH was increased from 5,5 

a t P to 5.6 a t P_ and af ter the crop from 5,7 to 5,9 at the giv/en levels 
0 2 

of phosphorus. In 15--30 cm layer before the crop i t was increased from 

5,5 at P to 5,6 a t P„ and after the crop from 5,7 a t -P to 5.9 a t 'P_. 0 2 "̂  0 2 

l i l ) Organic carbon 

Per cent organic carbon, on the whole, was s ignif icant ly increased 

due to increased levels of lime. However, in 0-15 cm depth i t did not diffe 

s ignif icant ly with levels of lime before the crop but was increased from 

0.98 per cent at L to 1.11 per cent at L , In the lower depth i t s content 

increased from 0.97 per cant at L to 1.02 a t L before the crop and 0.98 
u o 

per cent at L to 1,11 per cent at L af ter the crop (Table 8 ) , 

The content {%) of organic carbon was influenced s ignif icant ly by 

different levels of phosphorus in the f i r s t layer , i t decreased from 

0,94 per cent at P to 0,84 per cent at P^ before the crop and increased fro 
0 2 '̂  

1.03 per cent at P to P 1.07 per cent at Pg af ter the crop. In the 

second layer i t s content increased from 0.99 per cent to 1.01 per cent 

a t P_ before the crop and from 1,03 per cent at P to 1.06 per cent at P 

after the crop. 

Interaction between different level of lime and P influencing the 

content of organic carbon in both the layers after the crop was significant 
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In the upper layer the organic carbon content was s t a t i s t i c a l l y s imi lar wi th 

increase in leve ls of lijne upto L at constant leve ls of P e i ther a t P 

or P.« But i t was increased from 0,97 per cent a t L to 1.09 per cent a t L 

wi th P as constant leve l of phosphorus, and from 0,98 per cent at L_ to 
0 r- r- J r g 

1,1 per cent a t L with P at the constant l eve l of phosphorus. At P 

leve l of phosphorus, the organic carbon content increased s i gn i f i can t l y from 

0,99 per cent at L to 1,09 per cent at L and 1,16 per certt a t L wi th non>-
0 2 3 

s ign i f i can t dif ference between the re lated values. At the same leve l of l ime 

there was s ign i f i can t increase in the content of organic carbon with increase 

in the l eve l of phosphorus but the magnitude was less at L ( D , 9 7 to 0,99^) 

and went on increasing upto L ( l , 0 9 to 1.16^) as the constant levels of 

1 ime , 

In the second depth at the same levels of P the increase in the 

organic carbon content with increase in leve ls of l ime .showed p rac t i ca l l y 

the s imi lar trend as was observed in the upper layer . The minimum value 

at L and maximum value at L while keeping either of P or P or P„ as the 
G 3 0 1 2 

constant leve l -o f phosphorus separately, were 0,98 and 1,09 per cent, 0,98 and 

per cent and 0,99 and 1,13 per cent, respect ive ly . At the constant levels of 

lime the content of organic carbon increased s i gn i f i can t l y with increase in 

leve ls of phosphorus but the magnitude was lower at L (0.98 to 0,99^) and 

the highest at L ( l , 0 9 to 1 , i : ^ ) . 

iv) Cation exchange capacity (CEC) 

In 0-15 cm depth the CEC at L was 9,54 me/l00g s o i l with no 

s ign i f i can t d i f ference, with CEC at L but i t decreased s i gn i f i can t l y to 8,75 

me/l00g s o i l at L before the crop. A f te r the crop i t was 8,70 me/l00g s o i l 

at L which was s t a t i s t i c a l l y at par with CEC at L , The CEC at L 

^^t is : 'v 
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(9.72 me/lOOg soil) and L (l0,08 me/lOOg soil) no doubt, was statistically 
o 

at par , but s ignif icant ly higher than ea r l i e r two values (Table a ) . 

The CEC was decreased s ignif icant ly with increase in l eve l s of 

phosphorus from P (9.9Q me/lOOg soi l ) to P (8.28 me/lOOg soi l ) before the 

crop, whereas after the crop i t was 9,44 me/lOOg so i l a t P with no 

significant difference oiith the value at P (9«01 me/lOOg soi l ) and P 

(9.93 me/lOOg so i l ) levels of P. 
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^ DISCUSSION ^ 



CHAPTER-U 

DISCUSSION 

The present study was undertaken w i t h an aim t o i n v e s t i g a t e 

the changes t ak ing place i n a) inorgan ic -P f r a c t i o n s and organic-P f r a c t i o n s , 

b ) chemical p r o p e r t i e s o f s o i l , c) P uptake by wheat c r o p , d) r e l a t i o n s h i p 

o f y i e l d w i t h above sa id P f r a c t i o n s due to r e s i d u a l e f f e c t o f l ime and 

d i r e c t e f f e c t o f phosphorus. The r e s u l t s , thus o b t a i n e d , presented in 

the preceding chap te r , have been discussed i n t h i s chap te r . 

Grain y i e l d was increased s i g n i f i c a n t l y by l ime a p p l i c a t i o n 

( 1 . 2 5 t / h a t o 5,5 t / h a ) from 32.75 q/ha a t 1.25 t / h a of l i m e , t o 45.57 q/ha at 

5.5 t / ha of l ime by about 39 per cen t . Th is may be a t t r i b u t e d t o the 

s u b s t a n t i a l increase in pH from 5,1 t o 6 .4 (Table 8) which might have been 

respons ib le f o r increase r i the a v a i l a b i l i t y of d i f f e r e n t n u t r i e n t s o therwise 

present in the unava i lab le forms l i k e P, Cu, B, Zn, Mo e t c . , due t o lower pH. 

Th is i s subs tan t i a ted by the aporec iab le increase i n a v a i l a b l e P from 16,82 

Icg/ha a t no l ime a p p l i c a t i o n before the crop t o 48.07 kg/ha at 5.5 t / ha o f 

l ime a p p l i c a t i o n a f t e r the crop (Tab le 3 ) . T h i s i s co r robora ted by the 

f a c t t h a t P-uptake s i g n i f i c a n t l y increased from 17.49 kg/ha a t no l ime 

a p p l i c a t i o n t o 24,95 kg/ha a t 5.5 t / h a l e v e l of l i m e . The increase in y i e l d 

might be due to poss ib l e decrease tn exchangeable A l as po in ted out by 

Pradhan and Khera ( l g 7 6 ) . Mathbr e t a l , (1985) whi le working on l ime as 

a source o f f e r t i l i s e r i n red loam s o i l s o f Bihar i n t h e i r t h ree years 

experiment observed t h a t the h ighes t mean y i e l d s o f g roundnu t , soybean, 

gram and bar ley were obta ined w i th f u l l dose of (2B.5'-55,0 q/ha) l ime on 

the s u r f a c e . S i m i l a r r e s u l t s were repor ted by Lutz and 3ones ( l 9 7 5 ) t h a t 

the re was increase in the y i e l d and p r o t e i n content of soybean. 
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Gra in as w e l l as straw y i e l d was a l so s i g n i f i c a n t l y increased from 

31.93 and 56.21 q/ha a t no P - a p p l i c a t i o n t o 42.34 and 79.77 q/ha a t 90 kg P-0_/ 

ha a p p l i c a t i o n . This may be a t t r i b u t e d t o again apprec iab le increase in 

a v a i l a b l e P from 17.23 feg/ha a t no P a p p l i c a t i o n before the crop t o 42.81 kg/ha 

a f t e r the crop w i t h 90 kg P Og/ha l e v e l o f P. Th is is f u r t h e r supported by 

the f a c t t h a t P-uptake increased from 17.05 kg/ha a t no phosphorus a p p l i c a t i o n 

t o 26,29 kg/ha at the maximutn l e v e l o f P a p p l i e d . S im i l a r r e s u l t s were 

repor ted by P o r t i c l e s and Plojena (1979) t h a t dry mat ter y i e l d o f Pangola 

grass pasture w i t h a p p l i c a t i o n o f s i n g l e superphosphate @ 100-300 

kg/ha ?^0_ increased s i g n i f i c a n t l y . 

I n t e r a c t i o n between d i f f e r e n t l e v e l s o f l ime and P was s i g n i f i c a n t 

i n increas ing the y i e l d . At the same l e v e l o f P then was s i g n i f i c a n t increase 

i n y i e l d due t o l i m i n g over no l im ing a t no phosphorus and 45 kg/ha o f P_0 , 
2. ^ 

bu t at 90 kg P„0 /ha l e v e l of P the g r a i n y i e l d was s t a t i s t i c a l l y same at no 

l i m e , 1.25 t / h a and 2,5 t /ha o f l ime l e v e l s but increased s i g n i f i c a n t l y a t 

5.5 t / ha of l ime a p p l i c a t i o n . This may be due t o the f a c t t h a t a t no 

phosphorus and 45 kg/ha of P_0 l e v e l s of P the increase i n the l e v e l s of l ime 

might have r e s u l t e d i n apprec iab le increase i n the y i e l d due to more 

a v a i l a b i l i t y o f phosphorus and other n u t r i e n t s , but at h igher i . e . , 90 kg/ha 

of PjOc i e v e l of P the e f f e c t o f a i / a i l ab le P due t o a p p l i e d P might have been 

i n confounded w i t h the e f f e c t of l i m i n g . S i m i l a r l y , 3ackson et_ a l» ( l 9 6 4 ) 

r epo r t ed s i g n i f i c a n t i n t e r a c t i o n on whi te c l o v e r , red c lover and subterranean 

c love r w i t h the a p p l i c a t i o n of marked l ime and P on the red s o i l experiment 

s t a t i o n i n Western Oregeon, 

Ava i l ab le P was s i g n i f i c a n t l y increased due t o a p p l i c a t i o n of l i m e , 

87 per cent before the crop and 126 per cent a f t e r the crop due to 5.5 t / h a 



over no l ime i n 0-15 cm dep th . I n the lower (15-30 cm) depth a v a i l a b l e P 

was increased by 25 per cent due t o 2.5 t / ha of l ime over no l ime before 

the crop and 72 per cent due t o 5.5 t / ha of l ime a p p l i c a t i o n over no l ime 

a f t e r the c r o p . These s i g n i f i c a n t increases in the l e v e l s of a v a i l a b l e 

phosphorus can be viewed in the l i g h t o f apprec iab le ( t o the ex ten t of one 

pH u n i t ) r i s e in pH, At a pH value o f about 5.2 or 5,3 phosphorus may 

e x i s t i n V a r i s c i t e ( A 1 (OH). H^PD ) or S t r eng i t e (Fe ( D H ) _ H „ P 0 ) forms and 
2 2 4 2 ^ 4 

i f pH i s r a i sed by about one u n i t the concen t ra t i on of these forms present 

in s o i l s o l u t i o n as H.PO, ions may be increased about ten t imes as i nd i ca ted 
2 4 

by Lindsay and Ploreno ( i 9 6 0 ) i n t h e i r s o l u b i l i t y d iagram. Th is i s f u r t h e r 

supported by Gokhle et_ a l . ( l 9 5 4 ) t h a t l im ing o f l a t e r i t i c s o i l from 

R a t a n a g i r i d i s t r i c t increased the e f f i c i e n c y o f added so lub le P^O . 

Mar iaku landa i et_ a l , (1955) and Mathan ( l 964 ) observed t h a t ac id s o i l s o f 

N i l g i r i s responded t o l ime by re leas ing more P-O^ which was f i x e d by the free 
2 ^ 

Fa and Al ox ides present i n h igh amounts in these s o i l s . Badanur and 

Uenkata Rao (1975) working w i t h Hebbal red s o i l s repo r ted t h a t l i m i n g alone 

§ 2 t / ha increased the a v a i l a b l e P content of the s o i l by 4.9 ppm over i n i t i a l 

value o f 4.3 ppm. Thus increased a v a i l a b i l i t y o f s o i l - P i s o f t en c i t e d as 

one o f the p r i n c i p a l b e n e f i t s des i red from l i m i n g a c i d s o i l s ( G r i f f i n , 1971^ 

and A m r a s i r i and Olsen, 1973) 

The s t a t u s of a v a i l a b l e P was a l s o apprec iab ly increased due to 

a p p l i c a t i o n o f phosphorus. I n 0-15 cm layer a v a i l a b l e P was increased to 

84 and 98 per cent and in 15-30 cm l aye r 48 and 42 per cen t , r e s p e c t i v e l y , 

be fo re and a f t e r the crop due t o 90 kg/ha o f P-Oj. over c o n t r o l . Th is is 

expected n a t u r a l l y because the phosphorus i n superphosphate e x i s t as H„PO 

ion which would r e s u l t i n b u i l d up of a v a i l a b l e P in the s o i l due to i t s 

a d d i t i o n . Th is i s f u r t h e r supported by A lbracht and Klemme (1939) t h a t 
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addition of superphosphate to mineral soi ls approximately doubled the P -

content of Lespedza forage over the contained in plants from s o i l . Bhujbal 

(l956) and Rai et_ al_, (1963) also reported an increase in the avai lable 

P„0 uhen superphosphate is applied to the s o i l s . 

Generally, interaction between levels of lime and phosphorus was 

significant in 0-15 cm layer. At the same lev/el of P with increasing level 

of lime and at the same level of lime uith the increasing levels of 

phosphorus resulted in increase in available P before and after the crop. 

Prac t ica l ly similar trend of interaction was also noted in 15-50 cm depth • 

In terac t ions , in general , indicate the same trend of influence on available 

P as for different levels of lime and P as explained e a r l i e r . 

Application of lime resulted in highest per cent (loO.I^) increase in 

Al*^' folloued by Ca-P (68.55^), organic P (36 ,2^) , Fe-P (39.35$) and the 

minimum in saloid-P (25.6^)(Table 4 ) , This shows that phosphorus in th i s 

so i l i s fixed in the form of s t rengi te and var i sc i t e whose concentrations 

increases with an increase in pH. Increase in the concentration of Al-^' 

and Fe-P may be explained too in the l ight of r esu l t s of Lindsay and Moreno 

(i960) that so lubi l i ty of these compounds increases with the increase in 

pH, hence Al-P and Fe-P increases with lime appl ica t ion. Similar r e su l t s 

for Al-P have also been reported by Haynes and Ludecke (1981) in highly 

leached s o i l s . The Al-P and Fe-P also showed a posi t ive re la t ionship with 

yield (Table 2) . Thus, t h i s behaviour can further be corroborated by the 

higher so lubi l i ty of these fractions with increase in pH vali« towards 

neu t ra l i ty might have contributed to available P which ultimately helped 

in the increase in yield. The lowest increase in saloid-P may be considered 

due to surface adsorption of t h i s form of phosphorus which, thus , is quite 
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smal l in i t s amount and hence leas t i n f l uenced by increase in pH (Tab le 4 ) . 

S im i l a r r e s u l t s were obta ined by Haynes and Ludecke ( l 9 8 l ) t ha t l i m i n g 

a d d i t i o n caused a l i t t l e change |ri e a s i l y so lub le P, The increase i n organic«4 

probably due t o the more immob i l i sa t i on of o r g a n i c ^ because o f low mean 

annual temperature ex is t i ng in the a rea , Sood (1983) repor ted the s i m i l a r 

r e s u l t s t h a t immob i l i sa t ion of organ ic P was more in these s o i l s , 

The h ighes t increase due to a p p l i c a t i o n of d i f f e r e n t l e v e l s o f P 

i n d i f f e r e n t forms o f t h i s n u t r i e n t was noted i i organic-P ( l 0 0 . 2 ^ ) and 

lowest i n Fe«-P ( 1 7 , 6 ^ ) , Th is behaviour of organic P may be asc r ibed dtP t o 

r e l a t i v e l y higher amount o f o rgan ic carbon (average value 1,05^) in the s o i l * 

The increase in s o i l o rgan ic P can be exp la ined on the f o l l o w i n g reasons', 

F i r s t l y w i t h the a d d i t i o n o f l ime in the prev ious crops (one and h a l f year 

and then aga in s i x months back) which r e s u l t e d i n increase i n y i e l d . Th is 

increased y i e l d might have added organic res idues t o the s o i l . During l a s t t i 

years the organic res idue have been decomposed and added the organic matter 

t o the s o i l u l t i m a t e l y increas ing the organ ic P s t a t u s of the s o i l . Secondly 

the a d d i t i o n o f P in a l l the fou r crops a lso r e s u l t e d in increased y i e l d 

consequent ly increas ing the o rgan ic P of the s o i l (Badanur and l/enkata Rao, 

1975) , The p o s i t i v e c o r r e l a t i o n of organ ic P w i t h y i e l d (Tab le 2) s i g n i f i e s 

t ha t some of the organic P might be c o n t r i b u t i n g to the uptake o f P, The 

reason can be t h a t some o f the organic P a f t e r m i n e r a l i s a t i o n c o n t r i b u t i n g 

t o a v a i l a b l e P. Sood (1983) in a green house study a l so repo r ted t h a t 

o rgan ic P do con t r i bu te towards a v a i l a b i l i t y o f P in wheat c r o p , 

The lowest increase in the amoint of Fe-P i n d i c a t e s t h a t phosphorus 

i s less f i x e d , probably due t o the lower so lub le i r o n i n these s o i l s « 

Haynes and Ludecke ( l 9 8 l ) noted tha t i n such a s i t u a t i o n besides the r o l e o f 
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ca lc ium i n P - f i x a t i c n the a p p l i e d P i s mainly r e t a i n e d on the t h i n f i l m 

of p r e c i p i t a t e d hydrous oxide o f A l and Fe by adso rp t i on w i t h subsequent 

fo rmat ion of the respec t i ve chemical compounds. This f a c i l i t a t e s g rea te r 

exposure of surface of the r e t a i n e d phosphate r e s u l t i n g in more s p e c i f i c 

sur face a c t i v i t y , 

A v a i l a b l e N was s i g n i f i c a n t l y increased w i t h increase in l e v e l s o f 

l ime i n both the depths before and a f t e r the crop (Table 5 ) . Sahu (1965) 

a l s o repor ted higher content of a v a i l a b l e n i t r o g e n in l imed p l o t s . This may 

be due to the increased micro-organisms l i k e ammoni f iers (Co lzev , 1955) or 

n i t r i f i e r s ( 3 h a , 1965) ,which u l t i m a t e l y increased the N content o f the s o i l 

th rough a c c e l e r a t i n g the r a t e o f ammon i f i ca t i on , atmospheric N - f i x a t i o n and 

n i t r i f i c a t i o n processes, 

A d d i t i o n o f phosphorus a l s o resu l ted i i j increased amount of a v a i l a b l e 

I\! which may be a t t r i b u t e d t o the increase i n the organic matter due t o 

P - a d d i t i c n . Badanur and Uenkata Rao ( l 975 ) a l s o noted the increase i n organic 

mat ter content o f Hebbal red loamy s o i l s t o the ex ten t o f 2,14 t o 22,80 

per cent over c o n t r o l w i th the a d d i t i o n of phosphorus and l ime i n combina t ion . 

S im i l a r r e s u l t s were repor ted by Anonymous ( l 9 8 o ) in a long term experiment 

being conducted on ac id a l f i s o l a t Palampur s ince 1972-73, I t was noted 

t h a t a v a i l a b l e N increased on an average upto 822,8 kg/ha w i t h MP t r ea tmen t , 

dur ing 1972-73 t o 1979-80 over i n i t i a l value of 736 fcg/ha. 

A p p l i c a t i o n of l ime 5,5 t / ha over c o n t r o l r e s u l t e d in s i g n i f i c a n t 

decrease (14 ,9^ ) i n a v a i l a b l e K at 15-30 cm depth (Table 6 ) , Th i s may be 

due t o the s i g n i f i c a n t r e v e r s i o n o f added or exchangeable K to non-exchangeable 

forms and i n h i b i t the re lease o f exchangeable K, as po in ted out by Peech and 

B r a d f i e l d ( 1943 ) . Pearson (1958) a l s o noted t h a t l im ing may decrease the r a t e 
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of release of native s o i l non-exchangeable K« 

In 15-30 cm layer avai lable K was increased s i g n i f i c a n t l y by 

app l ica t ion of 45 leg PjOc/^a (9.8?0 and 90 kg PjOc/^a (6.7^) a f te r the crop. 

Similar resu l t s have been reported by Prasad et. a l . . (1976) in t h e i r long term 

experimentation at acidic red loams at tenke indicated an increase in 

exchangeable K-content of the s o i l due to the appl icat ion of lime and NPK 

' f e r t i l i s e r s . 

Exchangeable Ca uias s ign i f i can t l y increased by the increased levels 

of lime over contro l both before (62.7^) and a f te r ( 1 0 3 , 1 ^ the crop (Table 7 

IS ^^ 

ThisAnatural ly expected that applied Ca in the form of lime uould be 

adsorbed on to the exchange complex wi th passage of time resu l t ing in increas 

in exchangeable Ca , the di f ference between the amounts before and af ter 

the crop can also be a t t r ibu ted to time period • Ca and Pig are more 

energet ica l ly bonded to permanent change on s o i l co l lo ides than to various 
weakly acid exchange spots, thus a v a i l a b i l i t y of Ca and PTg increased by 

l iming as reported by Coleman et̂  al_. (1959), as more calcium and magnesium 

move from lime pa r t i c le to exchange s i tes as concluded by Sinha and Singh 

(1966) a lso . 

Available Ca was increased significantly (19.9^) over control 

(3.17 me/lOOg) due to application of 90 kg P 0 /ha through single superphospha 
2 5 

a f te r the crop. This is natura l ly expected because of the fact that single 

superphosphate contains about 17 per cent calcium in the form of monocalcium 

phosphate and CaSO, which would resu l t in the increase of exchangeable Ca 
4 

due to i t s add i t i on . Exchangeable Pig was not af fected by the addi t ion 

of P through single superphosphate over control in the 0-15 cm depth 

(Table 7 ) , 



•- 56 •-

I n t e r a c t i o n between the l e v e l s of lime and phosphorus was 

s i g n i f i c a n t in increasing the exchangeable calcium c o n t e n t . At 45 and 90 fcg 

P Op./ha, amount of exchangeable Ca was a t par due t o add i t i on of 1.25 and ^ 

t /ha dose of lime but i t increased s i g n i f i c a n t l y with 5,5 t /ha dose of lime t 

t he c rop . This may be a t t r i b u t e d t o formation of d l and t r i calcium phosphat 

a t lower l e u e l s of lime and thus not permi t t ing increase in exchangeable Ca 

but due to add i t i on of 5.5 t of l ime, pa r t of calcium might have been ab le tc 

inc rease the exchangeable Ca s t a t u s of the s o i l s . At 1,25 t / h a of lime 

a p p l i c a t i o n , both before and a f t e r the crop, and a t 2,5 t / ha dose of lime 

a f t e r the crop exchangeable Ca a t 45 kg P„0 /ha a p p l i c a t i o n was a t par with 

n° ^r,Oc a p p l i c a t i o n . This again may be a t t r i b u t e d to the complexing of 
2 ^ 

calcium of lime with the phosphates from the a p p l i e d superphosphate at the 

lower l e v e l of app l i ed phosphorus. At the higher l eve l of appl ied P more of 

Ca of superphosphate i t s e l f might have been ac ted as exchangeable Ca , 

In g e n e r a l , t h e r e was apprec iab le i nc rease in pH even to the ex ten t 

of 1.2 un i t with increased l e v e l s of lime both before and a f t e r the crop in 

both the depths (Table 8 ) , This i s n a t u r a l l y expected due t o the a p p l i c a t i o r 

of lime a s there i s preponderance of hydroxyl ions due to hydro lys i s of 

CaCO in the s o i l . Several workers have a l s o repor ted s imi l a r increase in 
o _ 

pH by liming the acid s o i l s (Albap and Lin , 1958; Barde, 1956; Savant and 

Kibbe, 1972) , 

The a p p l i c a t i o n cf phosphorus has a l s o increased the s o i l pH t o 

a l e s s e r ex ten t both before and a f t e r the crop in both the d e p t h s . This may 

be due to the a p p l i c a t i o n of P by s ing le superphosphate a s i t contain about 

17 per cent of the calcium in the form of monocalcium phosphate . The 

calcium so p resen t might have increased the pH of the s o i l , • Badanur and 



- 57 -

Venkata Rao ( l 9 7 5 ) a lso showed a s l i g h t increase in pH as a r e s u l t of 

superphosphate a p p l i c a t i o n . 

S i g n i f i c a n t increase in organic carbon content t o the e x t e n t of 

13.2 per cent w i th the a d d i t i o n o f 5.5 t / ha o f l ime was noted. This increase 

may be v i s u a l i s e d from the p o i n t t h a t l ime has increased the pH towards 

n e u t r a l i t y r e s u l t i n g in more a v a i l a b i l i t y of many of the p l a n t n u t r i e n t s 

thereby increas ing the y i e l d ( v e g e t a t i v e as w e l l as g r a i n ) . Th is increase 

i n y i e l d might have c o n t r i b u t e d t o the a d d i t i o n o f p l a n t res idues t o the 

s o i l , which u l t i m a t e l y r e s u l t e d i n increase in the organic carbon of the 

s o i l . Badanur and Uenkata RaO ( l 975 ) a lso repo r ted an increase of 2.14 

t o 22.80 per cent over c o n t r o l in organic carbon content w i t h the a d d i t i o n 

o f l ime and phosphorus. 

S i m i l a r l y the a d d i t i o n o f P has a l s o increased the organic carbon 

content t o the ex ten t o f 3,8 per cen t . Th i s may be due to the fac t t ha t P 

has increased the y i e l d s i g n i f i c a n t l y which has again added the organic 

res idues to the s o i l , l^nwar and Pr iha r (1962) repor ted the b e n e f i c i a l 

e f f e c t of phosphat ic f e r t i l i s e r s i n increas ing the organic carbon content of 

the s o i l . 



* SUMMARY 



SUMMARY 

A c i d s o i l s occupy c o n s i d e r a b l e ac reage i n Kangra d i s t r i c t . These 

s o i l s hawe been c l a s s i f i e d a s A l f i s o l s . The s o i l c l a y s i n t h e s e s o i l s 

possess c o a t i n g o f h y d r o x y Fe and A l , w h i c h a r e knoun t o a f f e c t r e t e n t i o n 

and a v a i l a b i l i t y of n a t i v e and added p h o s p h o r u s . I t i s because o f t h i s h i g h 

a c i d i t y y i e l d pe r h e 6 t a r e o f wheat c r o p i s 12»1 q/ha a g a i n s t 2 9 , 0 q / t e o f 

I n d i a . I n o r d e r t o improue t h e p r o d u c t i v i t y o f t h e s e s o i l s t h e a p p l i c a t i o n o f 

l i m e i s q u i t e o f t e n recormiended. I t i s , h o w e v e r , n o t known, how l i m i n g 

a f f e c t s t h e d i f / e r e n t f r a c t i o n s o f i n o r g a n i c P and as w e l l a s o r g a n i c P 

f r a c t i o n . Keeping t h i s i n v i e w , a f i e l d e x p e r i m e n t was c o n d u c t e d a t 

B h a d i a r k h a r f a rm o f H imacha l Pradesh K r i s h i U i shva U i d y a l a y a , P a l a m p u r , 

t o s t u d y t h e r e s i d u a l e f f e c t o f l i m e and d i r e c t e f f e c t o f P on P - f r a c t i o n s , 

c r o p y i e l d and s o i l p r o p e r t i e s . 

The l i m e t r e a t m e n t s compr i se o f f o u r IsM&i-s. ( o , 1 . 2 5 , 2 , 5 and 5 ,5 t / h a ) 

i n main p l o t s and phosphorus ( o , 45 and 90 kg/ha) i n s u b - p l o t s . The f u l l dose 

o f l i m e was a p p l i e d i n t he Khar i f season o f 1982 and one f o u r t h o f l i m a was 

a g a i n a p p l i e d i n t h e K h a r i f season o f subsequen t y e a r , P was a p p l i e d t o t h e 

s u b - p l o t s i n e v e r y season a l o n g w i t h N and K a s a b a s a l dose @ 120 and 60 kg /ha, 

r e s p e c t i v e l y . The p r e s e n t s t u d y was r e s t r i c t e d t o o n l y R a b i 1 9 8 3 - 0 4 s e a s o h . 

The s o i l , samples were c o j l e c t e d b e f o r e and a f t e r t h e R a b i c r o p a l o n g w i t h 

g r a i n and s t r a w samples a f t e r t h e h a r v e s t , f r o m 0 -15 and 15-30 cm d e p t h s . 

The i m p o r t a n t f i n d i n g s o f t h e i n v e s t i g a t i o n a r e summar ised b e l o w : 

1 , The a v e r a g e pH v a l u e s a t t h e s t a r t o f e x p e r i m e n t were 5 ,1 i 5 ,3 

b e f o r e t h e c r o p and 5 .3 & 5 ,4 a f t e r t h e c rop i n 0 -15 and 15-30 CTI d e p t h s . 

I t i n c r e a s e ^ , t o t he e x t e n t o f 1,2 u n i t s w i t h i n c r e a s e d l e v e l s o f l i m e b o t h 
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be fo re and a f t e r the crop i n t he f i r s t l a y e r . But i n the second l a y e r , 

the increase was t o a l esse r ex ten t (o .6 u n i t ) whereas the app l ied P d i d 

not shoui any marked change i n s o i l pH, 

2 . The organic carbon content o f the s o i l was increased s i g n i f i c a n t l y 

w i t h the a p p l i c a t i o n of l ime and phosphorus. The increase was t o the ex tent 

o f 13,2 per cent a f t e r the crop in bo th the depths whereas the i n i t i a l 

o rgan ic carbon content was 0,95 per cen t . S i g n i f i c a n t i n t e r a c t i o n between 

l ime and phosphorus was a l s o observed in case of organic carbon content 

a f t e r the c r o p . 

3 , Exchangeab le Ca was s i g n i f i c a n t l y i n c r e a s e d due t o i n c r e a s e d 

l e v e l s o f l i m e b o t h b e f o r e ( 6 2 » 7 ^ ) and a f t e r ( 1 0 3 , 1 ^ ) t h e c r o p . C o n t r a r y 

t o t h i s , exchangeab le l*lg d i d n o t show any s i g n i f i c a n t change by t h e l i m e 

a d d i t i o n . S i m i l a r t r e n d was n o t e d w i t h t h e P a p p l i c a t i o n on e x c h a n g e a b l e 

Ca and Mg b u t i t was n o n - s i g n i f i c a n t w i t h exchangeab le Ca b e f o r e t h e 

c r o p . I n t e r a c t i o n e f f e c t o f l i m e and phospho rus on exchangeab le Ca was 

s i g n i f i c a n t b o t h b e f o r e and a f t e r t h e c r o p , 

4» A v a i l a b l e N c o n t e n t o f t h e s o i l was s i g n i f i c a n t l y i n c r e a s e d w i t h 

i n c r e a s e i n l e v e l s o f l i m e b o t h b e f o r e and a f t e r t h e c r o p i n b o t h t h e l a y e r s . 

Due t o t h e a p p l i c a t i o n o f P t h e a v a i l a b l e N i n c r e a s e d s i g n i f i c a n t l y ( 9 , 7 9 ^ ) 

o n l y b e f o r e t h e c rop i n 0 -15 cm d e p t h b u t dec reased s i g n i f i c a n t (8,549^) 

a f t e r t h e c r o p i n 15 -30 cm d e p t h . Lime and phospho rus i n t e r a c t i o n was a l s o 

s i g n i f i c a n t i n 0 -15 cm l a y e r a f t e r t h e c r o p , 

5» A v a i l a b l e P c o n t e n t o f t h e s o i l was s i g n i f i c a n t l y i n c r e a s e d w i t h 

a d d i t i o n o f l i m e b o t h b e f o r e and a f t e r t h e c rop i n b o t h t h e d e o t h s . T h i s 
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increase uias to the ex ten t of 87,2 and 125,8 per cent in 0-15 cm dep th , 

and 25,4 and 71,6 per cent in 15-30 cm depth be fo re and a f t e r the c r o p , 

r e s p e c t i u e l y . Appl ied P a l s o s i g n i f i c a n t l y increased the a v a i l a b l e P content 

of the s o i l . S i g n i f i c a n t i n t e r a c t i o n between l ime and phosphorus on a v a i l a b l i 

P was found both be fo re and a f t e r the crop in both the l a y e r s , 

6» Lime a p p l i c a t i o n r e s u l t e d i n s i g n i f i c a n t decrease i n a v a i l a b l e K 

content of s o i l i n 15-30 cm deoth a f t e r the crop only whereas the r e s u l t s 

were n o n - s i g n i f i c a n t in upper l aye r both be fo re and a f t e r the c r o p , P 

a p p l i c a t i o n d i d not show any s i g n i f i c a n t e f f e c t on a v a i l a b l e K except 

i t increased s i g n i f i c a n t l y i n the lower death a f t e r the c r o p , 

7« A l l the P~f rac t ions increased app rec iab l y by the a d d i t i o n of l i m e . 

The h ighest per cent (100,1/S) increase in A l -P fo l l owed by Ca-P ( 6 8 . 5 ^ ) , 

o rgan ic P ( 3 6 . 2 ^ ) , Fe-P (39.3?S) and the minimum i n saloid'43 ( 2 5 , G ^ ) , 

The h ighes t increase due t o a p p l i c a t i o n of d i f f e r e n t l e v e l s of P in 

d i f f e r e n t forms o f phosphorus uas noted i n o rgan ic P ( l 0 0 , 2 ^ ) and the 

lowest in Fe-P ( l 7 ,6 /S ) . The e f f e c t of P a p p l i c a t i o n was more pronounced i n 

organ ic and t o t a l P b u i l d up than the l ime a p p l i c a t i o n , 

8 , There was a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between g r a i n y i e l d 

and P-uptake w i t h d i f f e r e n t P f r a c t i o n s o f the s o i l . These f r a c t i o n s were 

a l s o r e l a t e d p o s i t i v e l y w i t h Olsen-P, 

9 , Gra in y i e l d and t o t a l P-uptake was increased s i g n i f i c a n t l y w i t h the 

inc reas ing l e v e l s o f l i m e . But the l ime did not show any s i g n i f i c a n t e f f e c t 

on straw y i e l d . Grain y i e l d , straw and t o t a l P uptake was a l s o s i g n i f i c a n t l y 

increased due to the P - a p p l i c a t i o n . I n t e r a c t i o n e f f e c t o f l ime and 

phosphorus was a lso found t o be s i g n i f i c a n t w i t h g r a i n y i e l d of the wheat crof 
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