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Chapter I 

INTRODUCTION 



Chapter X 

Many concepts/approaches have been employed for 

evaluation ©f soil fertil ity under **r*td agro-ecological 

conditions, but a satisfactory nothod for estimating 

fertiliser requireoenta of crops based on soi l testing, 

continues to be a pressing mod* Currently* two types of 

fertiliser recofssendatlons for crop plants are in vogue in 

the country. One is teased on the agronomic experinesfes 

without considering soi l available nutrients. Obviously, 

this recomoendation is too rcuch gcneraiiasd. 

The second typo of seed,-quantitative approach i s 

based on arbitrary assumptions and procedures, i . e . cate­

gorising soi ls into low, sedlus and high or very low, low, 

moderate, oo&erately high, hi^i sad very high ( Bangar and 

Zende, 1978 ). I t was thought that such groupings or 

das sea ©ay reduce the costplexity of making fertiliser 

recoBBsendation. ^ifflUarly, the critical level concept, 

separates soils with high probabilities of ftrtilijcer 

response fro© soils with low probability, but i t tel ls 

nothing about the ejaot rate of fertiliser application in 

relation to varying se l l tost values of the field, 

with the introduction of fertiliser responsive, 

high yielding crop varieties/hybrids, the role of soil 

testing, which provides a ©ound fertiliser recowaendation, 



la oore ©meting today, than tfeat In the past. An essential 

requiresent for this Is the quantification of the relation­

ship between crop yield and yield response on one hand, and 

supply of plant nutrients free soils and fertiliser sources 

on the other. In tola context, several fern* of aaatheicati-

cal and algebrlc relationship* have been ©icployod to express 

the plant response to nutrient Increments. 

Amongst then, the wodifiecl Mitscherile-Bray equation 

is on© vhich has a great diversity In use especially In 

evaluating the quantitative efficiency of both s o n («^) 

and added fertil iser fore (e) for formulating the exact 

ferti l iser requlxeioents of crop plants. It was argued by 

th» author that once the values of fe i* and •«• are esta­

blished, they are not likely to he changed over a period of 

tisn ( Blddappa and Patnaik, 1977 ). xt has been further, 

postulated that the value of ĉ  and c can be constant for 

relatively mobile and Isaobile soil fons of nutrients, when 

factors l i t e , distribution pattern of the nutrient In the 

so i l relative to plant distribution, Hera of nutrient, the 

kind of plant, planting pattern and rate of planting, and 

clioate in prcooting plant growth are not varied. 

since, the information on the efficiencies of both 

s o u and added forms of nutrients, particularly for nalae 

is not available, the &IG8C investigations *er© undertaken. 

It was planned with an idea to find out the correlation of 

8 and P soil tests of vertlsols, with sains ( 2ea Bays 1. } 
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hybrid Conga &aj»d»2 as an Indicator crop through & eodified 

Kitacbsrlio-Bray equation by laying out Hold exp©ri*«nts la 

rainy and vinter seasons, The following were th© broad obje­

ct iw a of this investigation, 

a) to confirm the validity of »oca.£ied Kitschsrlic-

Brey aquation 

b) to tterive tha ĉ  and o constants of ths Mitacherlic-

Bray aquation for the nutrients like % m& f 

o) to derive audi evaluate, pdynoalal rafipona© curves 

relating to ttoa ratas of nutrients lifee H and P to 

be applied to nalat 

d) to vork out the S and P fertil iser fowuiation 

chart for maie» crop, which is based on efficiency 

factors for se l l (c^) and ^fertiliser foam Co) for 

both rainy and via tar seasons separately. 



 
 
 
 
 
 
 
 

 



Chapter II 

REVIEW OF LITERATURE 



chaptar XI 

REVIEW OF LUfcEATURE 

Tte s o i l testing has achieved pho&oBoml success In 

teres of fittiftfs* acceptance, In Jtev States of India, It 

I s one of the well recognised scientif ic mwm for quick 

characterisation of the f e r t i l i t y status of so Ho for pre­

dicting nutrient inquires* nt of crop plants. In Its raal 

prospective, the s o i l tasting t o l l s as to how ouch and 

which type of fert i l i ser should os applied i n & particular 

s o i l to obtain optician yield. Besides, thai* is a f tal 

need for obtaining coaprahens ive and reliable data on the 

nutrient stattp of s o i l . fMs prsfi&s infcreaUon as to 

which aoU axes* are improved and which are in the decline, 

Trend la the nutrient status vould reflect on the effeefci-

wmaa of research, educational and action progsoMsss, 

such a data wi l l also sot** as hroad hasls for estimating 

fer t i l i ser w& liaje/gypsuei needs for tha givea aiaas. 

Research vfork carried out on Use so i l Jart i l i ty evaluation 

©y employing various conoepts/appro&chee ass narrated la 

the following paragraphs. 

2,1* Used for K s o i l Otst ; 

Major portion of 8 in s o i l , occureo i s organic fora 

vhich Is net iessedlately avuflahie to giants. A very snail 

fraction of the total 8 bsoonss evaUehle to growing crops 
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and its supply depends upon the rate ©f raine reliant ion. 

Moists and Peterson ( 1973 ) ©1»«f¥ed that, the Kjeldahl 

method of estimating total 8 was net suitable to measure 

the indigenously fiasd aMmonicel 8 vtoicb gave n»aii0riJ!i» 

cant correlation vith list uptake of hybrid sorghi®. 

Inorganic and organic forma of £ are present in soils l a 

different forays lib* nitrats, aKssoniiSJ ©tc. Host of plants 

tafce tueir R In nitrate for». 

ifefieJsaoy of II deteriorates the quality of crop and 

reduces the crop yield. Storeforet suitable cbei&eal H 

tests are needed to diagnose the deficiency or sufficiency 

Of £ in a oi ls . 

The principle underlying tte see of chQK&cal «ethods 

excluding organic cotter in the detejssination of total If, 

i s to extract a fraction of tte total K vfalch i s cone id© red 

to be proportionately related to tm plant available 8, 

Tfcese H tests include the »eaaure«ent of aranonia released 

by altaillne poraangan&te, acid and alkali solutions, flit 

aaount ot aolno nitrogen hydroljsed wider controlled condi­

tion© by alkaline poisaag&aate solution la a given period, 

is sjeasmsed as on index of » availability. Bejaj s i al . 

< 1967 ) in Delhi soi ls , Kebta and Singh ( 1971 ) in 

Gvalior so i l s , Dubsy o£ aX. { 1972 ) and Banger f j a l . 

{ 1979 > *» sediUB and deep vErtlfiols, Indicated that the 

alkaline KKGĈ  setlsod of subbaiah and Asija ( 1956 ) proved 

to be the best for defcercimtion of B, 
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2.3* M»ed for P soil teat t 

Plants take up their phosphate principally as BgP% 

and less easily as HPÔ ". These are present in the soil 

solutions and are derived ffceo (1) a ;soj*od inorganic phos­

phates bald with iron and aluainliao oxldee, (11) hroataa 

and day Blneralfl, (HI) easily acid aolmbia compounds 

©ainly calcim phosphates and (iv) a a Ball and variable 

fractions of organic P ©specially in acid so i l s . Glass 

St M* < *$£• ) developed rename taat for measuring avai­

lable P In acidic, neutiel and alkaline soils* Khara and 

Batta < 1969 ) used aiasa'a oethod la alluvial soils of 

DelM. 

Singh and Brar ( 1975 ) , to correlate di ft* rent soil 

tasta vith salsa response for P at different ferti l ity 

levels of the so i l , concluded that Olson's oethod v&s found 

to he a better Index of P availability and corielated nail 

with the yioid and P uptake by sals* at both the depth of 

soUs ( 0-15 aad 15*30 m ). 

Datta and Kaeat ( 1959 )» Vithal Hao and Klaan 8a© 

( 1 0 3 ), KtHaxaswasy at al« ( 1973 )y Cbaa&robfcaa and Sail 

shankar ( 1973 >» Cabala Bosand and Saataaa < 1973 \ Singh 

and Brar ( 1973 ) , Shrlvaatava and Jafri { 197^ )» Bangar 

( 1977 ) follows oisen»s test to ©otabllsh the correlation 

between soil available P and crop response 
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2.3. Effects ©f II and P fertilisation on the y&@ld of salse : 

As H and P are required fey His plants throughout the 

entire growth period, the relative efficiency and solubility 

of nitrogenous and pboflphatic fertilisers em very is^ortant. 

eelth ( 1952 ) experienced at Missouri ( 0.£j\ , } 

that there «as an uptake of 1$? to ^ 1 kg of K, 50 to 90 kg 

of FgOg and l&k to 196 kg of KgO/ha Is the isaias crop which 

yielded 62.7 o/ha. long ( 1953 ) at Tennessee valley state 

(U.S.A.) found that m i * crop required 160 kg 8, 55 kg Pg©*t 

110 kg KgO/ha for 100 bushel of crop, ^tUngfield ( 195^ } 

stored that the aala* orop of 250 bushels/hectare usually 

toasted fare* each hectare soil 120 kg of B and 62.5 kg of 

P2o«« Grueneas ej& &1. ( 1961 ) ahserved that $ am P uptake 

mm increased with increasing sales of supply of these 

nutrients at Kieaouri. Many vorkejs vi£. Grants end Chandler 

( %$fr ) f Xbakur §& £U C 1956 ), ntm and Sharea ( 1958 )» 

Berger ( 196a ) t Shares ( 19*2 )v Sair ( 1965 ) haw aleo 

reported the different level* of S and P fertilisation for 

Ste#t a& £U ( 1965 ) found that heaviest rate of 

H of 201.5 kâ ha produced the highest yitfld of stover and 

grain of oais*. siHilar observations no re reported by 

Mandloi ( 1$65 ) , Saawa and OautaB < 1966 ) , sohrlftpf 

( 1966 ) , Anonyaoue ( 1967 ) and &o*h C 19©? ) . 
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^haraa and Gupta < 1968 > at £antragar observed that 

100 kg ^fea sigoifleantly increased the yield of Gaiiga Salted-2 

onrer 50 kg i^bo and the oontrol. 

2#*K Concept© and approaehee employed la soi l ferti l ity 

evaluation * 

Soil tasting can be uaad I s dote mining the native 

nutrients of so i l am foretelling tbe fert3H®sr fiftetia of 

crops. It la imperative to calibrate tie soi l tests baaed 

on crop porforoance or yield response to fertilisation. 

Differrant groups of scientists employed various approaches, 

concepts a»d ©etbodology for soi l ferti l ity evaluation under 

various soi l crop environment ays tee, wteLcfc can broadly be 

olasaifiod as uadar. 

2A.1 . Soil analysis correlation 

Bm&sj? ana £o»&* ( 19?® ) sodiilod tie s#T. rating, 

and classified the nativa nutrients of sola (N, F ana K) into 

€ groups as against 3 groins specified by Hub* ®t al. ( 1965 ) . 

Very low frfoderate Moa&rately High Tow 
lew bigh high 

Organic <0.20 0.30-0.**© O.**dUO.60 O.6l~O#0O 0.81->1«C& 

Av,B(kj/h&) <3MS 1*0-280 3Bl-fc20 ^a«f©0 # 3 - >?Q3. 

A v ^ W f e ) < l $ 10.30 3GUS© %^2 1 6 - 8 0 ^ 8 1 

Av.Ko0(k^ha)<120 121-180 181-5^0 3^1-300 30 V >36l 
* So 



f 

2,^.2. Critical irwsl approach i 

Cate and Nelson ( 19©£ ) t pointed out the critical 

soi l toot l i t e l of nutrient, below which a r©asombly uati-

s factory oconoBie rsspow* should hi expected froo the appli­

cation of that partictfLar s#& atttrtent and above vhteh the 

probability of »uch raspona« Is low. fe'&gh ma Fiito < 1966 ) 

reported that If soi l tooting procedure is satisfactory, at 

least 93 £ i*aulta sfco«Ui 11* in the lower lef t and upper 

right quadimnte (poaitit*). If Host of the plotted data 

ooosxos la the upper left sad lovsr right quadrants (negatiTfe), 

I t indicataa that aith»r the axtractant m probably not 

suitable for that particular soi l or the ejcporHaoisfe Is net 

conducted proparly. 

11# idea of target tad yield &» oUgftartod fros 

Kitsefcerlich concept. BalaattadaraE ( 1979 5 followed the 

optimw sate of If with Mitoohoa&ioti BCKSG! for arriving at 

coot benefit da talis for tho fasstor to tailor the yield 

target. To calculate the aooynt of nutrtoata mmm& by 

a ©rop to attain a certain yield lerel or tho sicmaat of 

JostUUFie to hi &©**£ to soot tl» icquirectcnts of the 

crop @&a ba d* tared is? d by the use of Klteciisrlicfc formulae. 



2 > A . AgraaoBdc approaoh t 

Ail India Co-ordinated Agronouic Besearch Project 

of the I.C.A.E, adopted agronomic approach on the fert i l i ­

ser experiments la the field by different procedures, viz. 

random select Ion of fields with due consideration to the 

agro-clicatic conditions Mid other relevant Information. 

I s cultivator's field, experiments are conducted with 

graded doses of H, P sad K fertil iser for recoaoending 

proper doses of fertilisers. 

2*K$. - o i l fartility-e«i-s©il survey approach « 

On cultivator^ fields well defined soil units, 

such as associations, series and types, help to muse the 

fertiliser recceaendatioii, cased on soil fert i l i ty and 

• o i l survey ( Stewart, 19̂ 7 ) . 

2 > . 6 . Fertility gradient approach » 

The selection of tfct proper fate of plant nutrients 

is influsnced fey a fcnoiOedfie of nutrient reouireoent of 

drop and the au&rteat supplying power of the sola, on which 

tbe crop is to be grown. Fertility gradients are created 

la as largs variation as possible la ferti l i ty levels to 

BinioiB* interference froa factors such as environsent 
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ZmK7 • approach of Integrated soi l testing t 

Colvell ( 1971 ) realised that characterisation of 

available nutrient statue by itself , Is not sufficient for 

predicting the responses to added HsrtlUzors, unless em* 

takes Into account the other so i l variables like balk 

density, clay etc. 

2.M-.8. Probability approach : 

I&tts ( 1955 ), painted out that profitable Increase 

in yield can bt obtained by plotting fertiliser treatment 

against so i l tsst values. The index of probability used in 

percentage yield* within a given range of soi l tests , Bay 

or any not respond to application of soi l a&endssnt. The 

chances of getting response to fertilisers Is much greater 

on soils having lov soil tsst values rather then high. 

ZM9* &et& tost calibration by field aetaod % 

In semthsnt Braall, the fast end insspansive field 

aetned was used to calibrate s o n testing by using plant 

height of com grotat under local fare conditions ( Martini, 

19N> ) . 

a«5. Concepts enployed In soi l sad plant studies i 

Various concepts have boon employed for soi l Jerti-

l i t y evaluation from tins to tins which are enumerated as 

follows. 



Bray ( 1963 ) espisased that * AS the mobility of 

a nutrient In the soil deoieaeee, the amount of that nutri­

ent needed la the soil to prodae© a sajdatta yield ( the 

soi l nutrient reguiie&ent ) Increases t and fro» a variable 
nmt* value, determined principally by the CBgnitude of 

the yield and the optJuw* percentage composition of the 

crop, to an aoount vfceae value tends to ho a constant *. 

2 ,$ . l . Uebig1* 2m* of sMsftas $ 

33ala concept explained the nature of soi l fertility. 

The lav stated that the mtrifcat pa&eeni in least relative 

asomt la the Halting nutrient. It IstpXi&d that all ether 

nutrients *»re present la assess until the deficient or 

limiting nutrient was gads adequate, wfeeraupon the one 

present la the next least relative aoount because the defi­

cient nutrient and eo on ( Bray, 19$** >. 

2.5.2. Soil nutrient re attire sent % 

Bray ( lo>>$ } stated that the supplies of available 

fosse of a nutrient vary fros soil to so i l , causing a 

correepondlng variation la the ferti l iser requirement. 

these sol i suppliae can he measured directly with the 

so i l tests* Ihlfl soil test val*& eaa h© substituted for 

*b» In the sodified KlUoherlieh equation. 
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2,5*3* Nutrient mobility concept } 

According to Stay ( 19^4 ) the roots effectively 

lHP^H|HW*0*0>e ^BOeW* wli^* W ^ W r ^hw^Ww&^f ^^e^^^^^^wW^wO*^^ • • B ^ W ^ ^ W F <*B̂ <" • • > » • * 4WMMWM' V P M ^ N ^ j y ^ ^ ^ y ^ ^ wm^^mm ^ ^ ^ 

force free tin foot eurfaoe eones. 

2.5«*K P«3N»uta«» sufficiency principle : 

la view of Uniting nutrient, the arsount of nitrogen 

can be aa&quate for only one yield while one aaount of P or 

I C lBisobile nutrients ) can be adequate for widely varying 

yields. Hsncf;, p and K needs are related directly to 

percentage yield but cot to total yield. But B O » V and K 

v i l l 10 needed to icaintaiB the levela in the to i l to produce 

more yields because of the larger e*ount of the outriente 

( Srayt IfSH ), 

She probability of ?&§!& is obtaintit i&aa a l l the 

nutrisnte are adequate. The kind of plant, the planting 

pattern and density of plants at* toUmlmd. and also 

related to the physico-oheiaioal properties of soil and 

crop season. 

2.5.6. Peroent yield concept s 

Bisy ( 19*6 ) fitated that the percent yield vas a 

aeasure of plant growth than ehecfc yields in soil teat 

correlation, because, even with the equal amounts of applied 
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nutrients, different aolla v U l produce different yield 

levels on account of ti» |&£»f*&t dif^^aoe la soil ferti­

l i t y . Cats, Hunter am Flits ( 1971 ) OJiletaL&%»d the 

percentage or relative yield by deducting tie nutrient 

being studied frees tte yitld of & e*cpleta treatment 

divided fey the yield of a ooqplate Utatmit , smaltiplifid 

fey too* 

2,£*?% *A* w i t * concept * 

mm m& Frlisd ( 1952 ) used tS*s mdio~&etl»«i 

tracar teebaijfla© aM showed that tfce original soi l confess* 

of nutrient «A» oa» be obtained free tfe fcilovi&g rela­

tions hip, 

A m _ 

Vibe re, E * added asount of labelled ffert*li*er. 

T * proportioa of raztrfcmt la tbe plant 
derived fro© »B», 

Balfeo ( 1971 ) f ©?aluat»d %a* Mitscherlich «b»t 

Fried and Beaiss *A* end Seal** »»i concept for soil fer­

t i l i ty . 

2.5.8. Hltaobarlloh oonoapt 5 

tkm tatln&tc objective la sel l ferti l ity studisa 

ban been to g*t© ouf ficlsnt fcnoale&se of c-o0, plant sola-

tionohip to farwre to enable Vmm to pwt into practice ft 
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balanced fortuity prograasie. I t provides an opportunity 

to the farcer to tailor tat yield target la tune with his 

eonetory conaioa ration. Alao an attempt was made to Welti 

out tb© opilaua rate of S vita Kitscherlieb sodal for 

arriving at east benefit aatail*. 

Slit general relationship featveoa the supply of a 

given plant nutrient and the aoottnt of grouty asad* by the 

crop was expressed with curvilinear function and logarithmic 

equation by Hitscbarlieh ( 1909 )• He concluded that the 

regression coefficient »e» in the equation la constant for 

each fof» of nutrient, regardless of any change la ©nviron-

oant. fat following Mathematical equation was used mainly 

for analysing the restate of frrtiliaer exptrtaoate where 

the responses to several levels of a given nutrient had been 

aeaaured. One of the oojoofcivos being the calculation of 

the ef feetivenesci of the nutrient alraady pyaoont in the 

soi l In tarea of the fsrtiliaor. A ©atbaisatieal aquation 

developed ©y Kite one rlioh ( 192fc ) i» as follows. 

dy/d* » ( A-T ) C 

whor©, dy • Increase la yield resulting fro© an incre­
ment of the growth factor. 

dx m laofoaoat of growth factor in the fon» of 
added nutrient (x). 

A m oaxi»UB possible yield obtained by supply­
ing a l l growth factors in optimal aeount. 
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t * yield obtains d af tssr application of say 
given quantity of tfee factor *x f, and 

C * prcportioBality constant which depends on 
the nature of growth factor. 

2.5.3.1. ut i l i ty of Mitflobaxaich concept J 

Mtnrey ( 192N- ) stated that tbe tsaalsaiB effect of 

the ingredient applied, U prodaced and the crop yield v i l l 

sol be further inoroaaad hy addition of any larger quantity 

by using Mitschsrlich's geometric progression as; 

dy/dx • KCB.I) or T * if cudf**). 

where, M « emxlfiz* obtain&hie yield by addition of any 
asouns of the souroa. 

Resists of cereal yield by application of suparphos-

phate at th© rate of 0, 1 and a cwt note recorded as 15*25, 

23,?5 and 37*25 ovt raspactiwly and with the help of theae 

results be worts© d out Hie valt»a as M » 51#78f K « O.ifeaV, 

X « 0.7556, 

£oe«od trial m» conduced with 0t 100, 1^0, 200, 300 

and km kg/acre of H lit the foi» of Mtrato of soda. The 

yields recorded wore 1610, 2276, 25$t9 2730, 30^2 and 3250 

kg/aora respectively. Tl» valuta were obtained as $ 
k 

H « 0.3708, E * 0.382, j ^ « 1>9. 

Bray < 1939 ) , Hoover g& al„ ( 19**2 > &fid Cĵ wthar 
and H&tes ( 191*1 ) had also eonfiissd fcte concept of 
lilts ehorllch. 
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Bray ( IfMt ) expressed the eolation as log (lOO-y) 

* log 1OO-0.0062.b for the com crop In colloidal caay 

< i . e . beidellite-il l ite type). Wilcox < 1955 ) , Baltli 

and Inteon { 1963 ) , and Coalite ( 1968 ) , also eucoeas fully 

utilised the Hitacherllcfc oodel tor evaluating fertiliser 

r*quir«»ent for varioue erops. Balba { 1972 ) evaluated 

the com r»Bponea to nitrogen by the use of equation, 

X • 0 ^ 3 < I-IO*0**** * ° * » * **°m ">. 

Bal&aundaraa { 1979 ) followed the use of Kitseberlich 

•odei for officisnt aM fcenefiolal cost of «§rt*llo»r use 

for obtaining tnssge? yield. In aorghw crop, ha showed the 

efficiency factor by the we of equation in Bandy-loam and 

l«as> soil* aa -

x « A aml(rs*Mm.*~o&M ^ 

Y m A (1^lcr©«00d*.fe~0.©efo6 *) leapaotitely. *»• 

patterns ®f yield response to fertiliser axe eoBplox. 

wileox ( 1937 ) eafcloyad MitBcberlieh equation, to 

find out th© general and specific Quantitative relation 

between plant*, otter grcvth factors and yield. Bt further 

stated that the ylald of a crop la inversely proportional 

to Its nitrogen content, and te i**oa by the equation 

X « I where, 1 * yield, If « per cent of R in the crop, 

% m constant. 

2.6, shortcoming*! of the Mitacberlicb e la t ion s 

Th* Kitacherlich e (Ration would desirably be ssodifled 



ill such a vay that the effect fa® tor vomd be detonslned 

separately la each teat. Bray ( l$Mt> ) using the soil teat 

Tallies for b, found that the fcitaeberlicb relationship holds 

good for approximately the earn value of *o^«} although the 

physical and chemical ©oil properties might vary vithin 

rather vid* ran** tad *!»*• the mtiaate yields under full 

treatment also vary oonaiaarably, Balba and Bray ( 1956 ) , 

used b (soil 2oit*>t as the soft last value, whereas 

Kltacberlich used the aquation to calculate *b« in teros of 

adcied fertiliser unit. Si* aignlfleance of the "efficiency" 

factor la 4$»wmm& and the concept of uaing these factor* 

to evaluate quantitatively the relative offectivai*** of 

nutrient fonwa ia explained and illustrated. 

2hc validity of Jfrrtiliser ra qui race nt£, predicted 

on the boa Is of soi l toots, Is dependant on calibration of 

the teat values against yield responae ( Bishop e j j ^ . 1967 )• 

2«7, Ko&ificatloti of KitacbBrllfth oosoapi ; 

Bray < if29 ) conducted o field test for available 

so i l f and explained that, . . . Hot the r tha attctapt has been 

s&& to the Kajor eoBpceifc* "availability" of th© fotos of 

a givan element present nor to a feeding pamt of the plant 

roots, aisattated i s the extracting solution need... Instead 

of that he took a chesdeal test on the basis of extract of 

a l l the foro or foras of elaaoKts < Bray, 1$N© ) . 



Bfft? ( 1937 > end Capo ( 1939 } f l o w e d the Bodifisd 

equation for detsnsAnatlon of the nutrient content of & soil* 

Bray { l$t* ) , | i»* ftodtlSod the equation dy/dx a </UT)C » as 

log (A-X) * log ^ . o ^ , On the basis of this equation ha 

s tressed that the ssouafc of exchangeable & i s the surface 

soils of the oorn belt is diractly related to tba supply of 

K to the crop. Bat the values of ĉ  ©fet&ted for com, 

legmes, aoyb*ans wad uhsat do not confine to Mit»c>ierlich»s 

original idea of & constant o^ values for s31. crops. On the 

aodU&od equation, Bray ©t fij. ( 19^5 ) cootie tod em e spari­

ne nt on the total organic and available fores of P in so i l . 

Bray ( l£V$ ) , again modified, and stated that the 

soi l test value can fee substitutert for b^ tn ti» ©Quationi 

lOg (A-Y) « l o g A-COg*^ + CjJt ) . BSOAUSS 8\lppl5jBS Of th» 

available fores of a mtrioiit vary free a oil to soi l , 

causing & eorraapondtag variation in the fort&Sjor re qui­

res** nt. m calculated ĉ  * 0*006$, when av, K in the soi l 

ranged fros i*0~300 ltyaora . 1% mmm that the soi l raqui-

reoont of exchangeable K for corn is 300 lb/acre. This i s 

constant for com within l l s i t s , and doss not change appre­

ciably for cosu bolt condition. Any value of \ loner 

than 300 pounds, therefore, uUX produce a lower yield, 

which will be approximately a constant percentage of wmxSmm 

ylsld. 

Bray ( 1^0 5, Arnold ©J o^ ( 1953. >, Arnold (1953 , 
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Bray ( 195V ) also oonf iraad this concept ana ©xpraaeed that 

c should vary with a kind, of plant, foj& of nutrient, ferti­

l i t y patterns of the nut riant in the so i l , planting pattern 

and mta of planting. Fro* this analysis, i t follows that 

any variation wit his these factors v i l l a fleet the ability 

of the plant to talse % the nutrient end the lore of nutri­

ent within tha raach of its root system or It will change 

the value of o. 

Baiba §J, ajl. ( 1956 ) and Bray ( 1958 ) exprossad the 

new equation vbare Bray, recognising the original sol i fore 

and added itertiliaers, could ohsoffo different efficient 

factors, m aodlflod the original equation ~ 

log { A-X ) m log JU« (b • x) 

to l o g < h~Y > « l o g A~Ojllj*03f , 

ffee tar© o t̂̂  la not jclatad to c or s , this ia» ĉ  

and b* ara indeoeftdant values rather than be&as aeasursd 

in terns of the fora of x being given by tale equation. The 

ofjeotlveaess of the adsorbed foxro was found to bo £t t l ses , 

than the effect!** mss of the dilute, sold ee&ui&e P in his 

work, 

Findlay ( 1973 ), pointed oat on Uray*s aquation, 

that It is neceaeary to work on adjacent plots la vhicb 

level of nutrient i» uaiforet and saf flelenUy low to perait 

a relatively large y&ld reason*© to the nutrient. 
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t»?«l* Tea ting of Up. concept for fertlllggr ate for 

•arlota selVeropa t 
Will— I^Mm^H'l H|>i>iKl—.l>WMHW>il1fl«l**M»'i WlWfrWW « i * » \ 

Bray ( 1955 >• expressed the correlation of P soi l 

test with response of wheat ( A * 51.6 buesbsl/acrs ) for a 

batrndoaet and double diaoed fttml tontl&m of soluble ohaew 

gf9^K^w^^f M M |^MB^^*^**^W^W <Bfc*0(^w^O^F * " WKBh^F ^ *̂W^^WOW ™»^PI0Mll»O ^ ^ * ^ W #^"* ' ' i ' , »^(( |»*W^ W ^ ^ O * ^ ^ 

obtainsd ia the for» of e la t ion t~ 

leg <A~X) » log A ~ 0.CGL8W TŜ  * 0»2f log X. 

where, b is in lb of sorbet £ owi&y distributed in the 

surface of 2 E 11 lion lb of eoil as jsea&urad by the P toot 

and x Is in to aw of lb of soluble P2af-/acio applied in 

broadcast and double disced distribution pattern. 

%W& of al . ( 1059 ), follov&d the ritscberlich-

Bray equation, log <A-f}» » log A - COiefe ^ - c for xft. 

(A * ©2A buabela/acrs). in tMsy t ie value of 0.018 for 

0 for yield l a tin ox fore of the equation souss, & higher 

offideaey of the drilled phoaphate than a value of 0.25 

for 0 in the e log x fom for broadcast phosphate* like 

trine, eiailar observation* noie obtained by Bray ( 1963 )• 

?&jragupU «J &l. ( 1963 ) t reported that the roiu. 

pom© to the fertiliser application of P nutrient i* uewelly 

too sutall to be eoaaaiod correctly. Bray P-2 so i l test 

values and rice yield were correlated by the equation -.-

log <A~T) * log A--C.15fe b̂  ~ 0.8 log x * 
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Kackay «t aj.# ( 1903 ft l$ifc ) and Btefcop fit #!« 

{ 1967 } followd tt* Bray *quations relating potato yiald 

to soi l nltsate production and 8 fertiliser, each&nggabia 

K and K fertiliser, and *»** &ad pboepbate jg@$aliog»&%8, 

r»spoetlvely, in fresh sassple and air dried sa&pl© for 

Y&lly am oonntaia soi l groups as under, 

Soil 1 fftdeney Hitratfi *r. soi l P 
group factor (01s©a £oll tost) 

V O l r fi^ 0.03&2 0,0186 

Koentaia % 0,9131 ©.cm* 
Vslly c 0,005S 0.9033 
fcountala c 0.00§2 0.0039 

i f log (Jul) « log A.0.0059 » - O.caiJ s J? for 03B-CL la 

ti» calcareous soil calculated ti* efficiency factors for 

*0& aisd fertil iser. JJfcanapalan et ajU ( 1973 ) following 

tne aquation C log (A-X) » log A-0.GC18 1^ * 0*9067 x J 

in Kalatlair aarias for hlgn yielding rlco variatUe testod 

in tn* trials , correlated the soi l nitrogen vitb X wo ponce. 

BaXasandara© < 197$ ) stated the econoBdc do*e on 

ragl by Bray equation, fat acontreic dose was found to fee 

58.6 1$ of E/h&, 20.0 leg t/ha and 13*6 kg of Vim in black 

colli* Siatlarly, Balaaundarais fit &JU ( 1976 } work»d out 

t&t ©conuolc l»rt£lia»r forotfLatioos by Sray*s equation for 

rice. 
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Barfcar ( 1977 ) calculate a tfee f f&rtillj** requiye-

nent of ettgarwt»efc by Btay equation C %m% ClOO-X) * log 

100*0.018 \ . 0»QWk x . J with Glean 6©U P test values 

for tb* ecenottle yield under lujfeluh soi l ma. cultural 

conditions. 

Blddappa aad Patmlk { 1977 ) conducted field axpe-

rJ&ente on tin effects of ineitftslfig pate of n and P on 

yteld response of rtea. 1 f fid«H!y factors for nativa ana 

added fertilisers have town calculated on tbs feaal* of 

KitsclaerllclvBray equation. I valuation of site specific 

raecttRandatlon baaed on tfaeee efficiency fact©*** «• Q6.2 

kg of X ana I**.1* fcg of PgOc/bei was ccnsi^x^d optlert» for 

obtaining 87.5 *•* cent of tteoiatieal SI»J£JH& yield 

( 323* k«/bA ) in kfc&rif and 111.0 kg N end 20.8 kg 

ffPffh* for getting 87.5 per «*st of tbaorstical vastst* 

yield i ^375 *«/*» ) in rati &@&aen9 jftupaotftfely* 



 
 
 
 
 
 
 
 

 



Chapter III 

MATERIALS AND METHODS 



Chapter I I I 

MA15BBIA1S AHD XETHODG 

the pretest investigation on so i l test crop rasponse 

correlation va* undertaken in rainy ( Khailf ) end winter 

( Rabt ) sa aeons of 197^-79 with ft Ylav to find out the 

correlation of S and P »oll teste with sal** ( .gig ftaje L. ) 

hybrid <&&§* Safe d-2 e* en indicator crop through & codified 

Mitseberlich-Bray equation, by laying out f ie ld experiments 

on the vartiaole of Mahatasa PfcaOLft Krlshl iTIdytipecth, Hahuri-

^13 722. 

• 3 * ŜWiiBiwiwi i wfflfflS * 

3 .1 , Spjlfl : 
^ i a n — On 

Tt» eacperloents mm laid out on & csec&ttt black soil 

of Sonars*** across of vertijaole. Sawarg&on series ccftprlae 

the sestets of a m eontaorillonitlc, Uofcypertberaie faslly 

ef Vertlc ustropepta. I t contains few lie© concretious at 

the surface and the substrata possessed jellcwleh brown to 

brownish gray colour. The effective rooting depth on an 

average 1* sodarately deep, extending fro© th@ depth of 

U-5 co to the smifees. Generally, these a oils ate cultivated 

for seise, sorghutt, wheat, vegetanxos am sevenO. horticul­

ture! crops* 

3*2* &*&! aasnllse teehsiose ; 

for sxajBining the phyaico-cheasical properties of the 
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so i l s , representative se l l aaoplec mm collected by Sofia r*s 

totoe f row a ganetie laje* of 0*1$ ®& of aactt plot in both 

rainy and vintdr aaaaeou She so i l *aqpl$a v»ie kapt la 

buttor paf*? bags susd t$aa transported to the laboratory for 

further psssesaiag. Th©7 waia dried In ah&di on claan vhlta 

papers sad cruabtd In a voodta uorfear and pestle t© pea* 

through a 2 m P1»TC, end stated, in pyeptif^ 3&fea3.:i*a eartoon 

feesae for further cheratoal eaalfaiEK 

3.2.1. Ph^sico-chcsCoal pivpaj-tl^s of the coT1. . 
• w w w mmM*ntB*mmmmmmmmmmmimmmt» 1.1 a mtrnwiw^nKii—P^W*WW»*I mwnti'ime—MHHHII WBHM<II» H » > » » H " ' * ww» 

Tbe physico-cbeiBioal characteristics of the soils mm 

pfeaaata* la fable a* 

Table 1 i Pbjfcieo-cbsfcieal proparfcies of the coils 
<Av6i*f» of 15 se l l »e«plas). 

Propertlisa 
OliM ivi1Wmjimiminmmt*m»*mm**i'**mnmil>mummm***>*>~*»*><+' *«*"WiMB|Wi»<ii.iii|itii .'•Willi '<»') 

SaaA $ 
s i l t £ 
Claris 
PH 
Conductivity (vtim/mr) 
F*ae line (GaC03 # 
c . l . c . (o**/10G gaoU) 
Organic oarbon 1$ 
Available 5 (kg/ha) 
Available P <kg/fca) 
Airsllabl® K (kg/ha) 

Saap&§ I Baa l̂a n 
i alny season winter season 

#+,00 21.15 
21.(30 21>2 
>*S.10 51. 26 
8.05 8*00 
©•31 0.33 
7.85 8 > 3 

57*N> 53.12 
< » • * * oM 

195*10 198*00 
8*25 8*80 

5^.of 557.96 
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The aoli* are tuedliae black In colour derived fwo 

Daoean trap, It i s altaUlm la reaction b&ving & lev Ha* 

ooneratlaoa la the day M M J U 21* ferti l i ty etatua 10 low 

for available 1 a»d P and higfcer for available K. 

3»3« 

Hitrogen and phoephortu* aartee experiments vera condu­

cted la rainy and winter aaasona la X97&-79 separately, the 

details of the layeat of the eaperijatnts conducted era dpictad 

In Fig* 1 and a respectively. 

21» expejlBentaa details are an imder ~ 

Rainy winter 

w*^^*^<^frjBjppa B # B#B» R.B.D. 
5eplic&tl*i» 3 3 
8walaer of treatments 

1) II aeries 9 levels 9 l*v*la 
11) p series 6 levels 6 levels 

Gnoaa p&$t sim (a) 6.3 x 3*0 6.3 a 3.0 
tet plot sis* (a) 3,0 a 1*8 3*0 x 1*8 
Spacing (c» ) 30 x 60 30 a 60 
towing date 12 JUly 1^8 22 Oct 1978 
Harvesting date 2k Oct 197G 8 Feb 1979 
Plant density (jOanta/faa) 55*555 55*955 

falaS&g and fa? fil l ing *•«• perforwd eight day* 

after sowing and only «& faealtay plant WES retained at 

Qaoc MTU Weeding was done after one month of sewing. 



R A I N Y S E A S O N \ 3 7 S - 7 3 

P S E R l t S 

2 6 
3! is 
* 

R I RE; RXS1 

CO 

8 

L A V - O U T P L A N 

file:///37S-73


F\Q\- Z 

LAY-OUT 
P l A N 



27 

3 > . D»tails ©f treatment* J 

I» §&!&§. -

Treat. So. Xraatwnta H(kg/ha) » W f S 

A# VA 0 0.000 

a* VA 0.10* 

3 . Wi 55 0*210 

*•. VA ?£ 0#33Lt 

5. VA 100 0>20 

6 . Wi 125 0.526 

7 . VA 130 0.632 

S# VA X7S Q.73& 

t. VA 200 0.1*2 

Tor 8 «•****, fealf of the doe« of H WSB applied 

4t*teljr after sovlag sad r»»t Half of tt» dose was giwa 

aft»r «a§ aoetfe in a l l t ie treats©nia. Banal &»* of pgo-

at t*» rate of 75 kg/te And K2o 60 kg/fea **x© added la each 

of the traatRtenU for aehlavlng suf floleney 3*wl of so i l 

Ifertlllty. 

Treat. »o. TraateftBta P2o (̂ kg/ha) F20^(k«/plot) 

1 . W i 0 0,000 

2» VA 20 0*3+1 

3. VA ho 0.W82 

* • PA% 60 0,723 

f. W 80 0*f«fc 

6. pA*i 100 1,10? 



For the p s*rtesf half of the ooso e f l w a appllad 

iMWdlately after sowing aaa" !••* &alf of tfco 9̂6® «•» given 

after oat Boata la al l tha tsaatatstft, fbe li at the rate #f 

125 kg/ha and K̂G at the rate of 75 kg/ha as baaal 600*8 vore 

applied for obtaining sufficiency lavel of soi l fertility* 

the B, P and K vara applied to tfea soi l at ttoe tie© of 

swing through uraa (Mt,93 £ K>| single suparpboephate (35.65 ^ 

i»20«}f and muriate of potash (60 |G K̂ O) respectively. 

3»5* lyrl|satioB J 

Tfea fijut light irrigation m» gives on t!» day of 

sowing as taar* vs* a soistttfe deficit in the so i l . Thereafter, 

the irrigation interval of 12 day© was eaintainad throughout 

ti» l ifa spaa of tat ciops. In al l six irrigations for rainy 

season and 9 irrigations during viator so&soa were givsa. 

3.6. riant protection vabsolas £ 

For protecting tba erop from stalk-borer infestation 

during saedling stojs , spraying the 1 ndrln 20 £C at tbs rote 

of ?O0 BtL in 70 l i t jos of voter p*r bsctar© vos adapted and 

ti» Has* was rspsoted after a fortnight. 

3*7* Botorataatloa of tfftttt oioasat * 

For determining tbs mineral constitution ( Nt P and K ) 

of tin aaijo crop, two plant saaples mm collected fro* each 

of tat traataante of 3 replication* fros H and P scries at kna* 

high, tsssellag and barvaat stags?. Iha plant saaplas von cut 

off eloso to tat ground by telift end pasted la a brova papar 
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baas. At harvest stage, the grain and &%&mt saqplaa mm 

collected separately. Tl»y were drlau in tee Gbade and 

eequently in the oren at constant teoperatur* of 65°C. 

Further, they vera Billed properly throng a villay will 

(20 stall ilftfs) and presetted In snail bit**® bags for dftter-

isimtione of mineral «&JE» up with regard to E, P and K. 

Ksthods of analyalg : 

the 3913. sauries were cbaodcally procasaed as per tho 

Kathode shown in Table a* 

Table 2 t Analytical taethods for soil analysis. 

Method adopt©d Beftewnoa 

1. Soil reaction li2.5(s©il to water ratio J Bates, 195V 

a* I&totorMl Condttctoaetrie (1»2#5 Jackson, 195S 

3, Mechanical 

CoBd«ct«B»trie (1»2#5 
(soil to vatar ratio 

Piper, 1966 

!*• Ff®e Una (CaCQj) Ca3.fi is©t«r *"€wMwn>h^^ ̂ Wfra 3*V 
5« C»E,C« 

6. Organic oarbon Rapid titration 

?. fetal nitrogen with Eai'i nodirieation 
3 . Available Alkaline penjangaaafce 

nitrogen 
9, Available 0*5 » HaBQO- (pi 8,5) 

phoapbon* J 

•r and 

WaH£Ley and 
Black, 193N-
J&ekeon, 1967 

aJubbifi/i and 
Aai>, 1956 
G3a*n s i A&«» 

10* Available Sammy 
Ifeldel, 1952* 

http://Ca3.fi


m 
3»9« Plant * 

Sn* plant e&aples were digastsd fey using 30 £ H ^ sad 

@«na»»txm1&ea Hĝ % ia 1*1 proportion ( Paxfciu&oa and Allan, 

1975 >• H* plant aaaples were chBBdealXy processed as per 

fct» Betaods sham ia MO* 3. 

Tabl« 3 t Analytical laetfeods f©r plant analgia, 

Characteristic* Method adopted inference 

Xm B JOcro-k^eXdahl Black, 1965 
2* P VamdoBolybdopbosphoric Black, 1#5 

actd yellow colour 
3* K Range's Haso pbototseter Black, 1965 

3*9* ^taUatical analysis 1 

3.9.1- Data collected vote cccputad by using statistical 

csatbods for agricultural voitet? as described by Panse and 

ukhatt* < 1997 >• 

3.10. iogaritbalc equationa -. 

Tteorttlcal autism yield { X axis isfesnospfc of the 

curve leg I against 1/x ), 

2 f t * Bo. of trsatwentfi (c) o'sxite. . . . 3*1 

S i m • 2X (e) f ^ A . . . 3#2 

wbare, log c * Theoretical wxxiam yield, and for 

further calculation of different doses 

of fertilisers. 
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3 * f f « e~ $ .•. 3,3 
where, X lis the dose of fer t i l i ser 

Fitting the currilinear production function ©ouatiosa • 

X m a + b x + c * 2 . . . 3 A 

correlation coefficient (7) and coefficient 

determination© • *• 3.5 

Evaluation of comtantc «©» aod »ef as per 

Kits eitfrliciv Bray equation : 

lOg (A-X) « log A - Ĉ D -CX . . . 3*6 

where, A m Tbeoretiflftl K&X1»UB yield, 

b a Kattr* s o i l xttifcrlent. 

c- • i f ftciency factor for so i l , 

e • I f flel#ney factor for ad4ed nutrient. 

x « A4fle4 nutrient, 

lyjUfteqey, factor foy »tt t , . j [V " 

log A • log <A~3b) 
Ok SB MUHIWH •> . l in . f i .Mai i l l i . i iMli i i . i i i l iu i iwi 'in i Km H *9 

*%1 * • • • > • r 

Where, A * K&xUNft obtainable yield. 

TBt * M l̂tf3̂ ,
l|l.iiv?S*tS il̂ lllff»H.,...t»l.«iiM •»* 3*® 

llwoio¥leiLl »ud^i i yield 

l , e* control yield expioaoed ae £ of theoretical 

seJ&Ni yield 'A«, 

b » Soi l toet ralu© of nutrient osgpfoaaod In feg/biu 

Eff legacy factor for 04064 nutrient («} J 
<log A • e,b) • log <A»3&) . Q 

£, m r.-n : i • <*• ri i -m-ir - • • • . 1 * 7 



wbejps, x m adfied fertiliser nutrient. 
1* • Hold at x 2*1*1 of f*rt3H«§r nutrient added. 

Equation 3*9 beco8»» 

e x * lot A . o^e - log (A-Xr) . . . 3.10 

68 the basts of equation 3«X0 

•sx* - f 
e a  3.11 

sx2 —r~ 
fkm s ite specific recomraanaatlon of fertiliser for galge 

tbrou^ Baude Unit : 

a) Baule equivalent to noil/fertiliser mtrients, M 

0*301 
U * • [ ' •'" • ••"" . t • 3«12 

• ffieiency factor for 
o^ or o 

Bauie eoulval«nt, If adopting offleleney factors, 

c^ or c are wutd for soil or fertiliser nutrfcmts respe* 

Otltroly* 

b) a&t&o mats for ooH mtrieitt« H 

11 • ~ M tor so i l ••• 3*1 3 

o) Fertiliser reoflBEacndattoG lor yield. 

kg/ba of . Bo. of Baulo Baule units BatfLe 
ftrtUiotr * units »qut- * of soi l * @<pim» • • 3.11* 

red as 0, 1, nutrients lent of 
2, 3 or & fertiliser 

nutrients. 



 
 
 
 
 
 
 
 

 



Chapter IV 

RESULT AND DISCUSSION



Chapter X? 

For EJonitorlng the effect of graced levels of I and F 

oa the yield and uptelc© of 8 and F hy oai^e, two field expe­

riments were conducted o » aaeti in jpeljiy C J^HJ1 ) sad vinter 

( rabi ) se&som en * and P sarifts on the âv&rg&on ****** Qf 

verticals, further, fey mathematical manipulation, the quan­

titative ©raluation of the efficiency of K sua P soil tost* 

and fertiliser response to sals* tbroaafc a codified Mltacber-

lieli-Bi^y a c t i o n vese worked out *Uti a vlev to find out 

the ferti l ity eenetaats in lagards to B and P# Ihe results 

of the experimentation are dlaetasad below. 

%•!. R series : 

**aa. sf^^f.gfadaa r*»y*£» of *,«* ^jaaurttttt 
productions at different stages i 

l fleet of different 8 treateent oa ttet dry matter pro* 

duction at knee high, tasseling and harvest ( grain and 

stofor } stages of noise la rainy and winter seasons vers 

statistically tasted and data are presented In tenia if and 

also graphically depleted in Fig. 3. 

if. 1* 1.1. Dry natter production in rainy season ; 

The data in Tata© k regaled that the trs&tasent 

differences of K on the dry aatter production at kna* high 

and taeseling stages vare found to he significant. 
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xhe highest dry »a t t # r production of 3S.53 s/plant a t knee higb 

and 1^6.85 g/plant a t t&sseling stages vej^ recorded by tha sppli 

cation of 200 kg N/ba. Bow***?, there mm no significant ditf-

&mm»& l a the yield &m t o the application of H a t the rate of 

125, 150, 175 and 200 kg/ha a t knee hlgb stago* similarly, the 

m production due t o the application of S a t the rate of 175 and 

200 kg/ha a t t u s s l i n g stage nas on par. olplfleaftt&y lowest 

HI yield was observed in cheek p lo t s . Ai»t*t slt&iXay ofcwwa-

t ion was also reported by Bhoaale ( 1968 ) for Decerns Pottble 

hybrid @al&e, The a t productions due t o the application of H 

a t a l l tha levels, s ignif icantly increased the yield* of w§&m m 

compared t o the control ( 8 $ ^ % )» except the treatment % ^ ^ 

a t knee high stage, 

The effect of different H levels on the grain and stover 

productions ( Tahle *» ) a t harvest stage indicated tha t s igni-

f icsnt ly highest grain production < 72.15 q/fe ) «ms observed 

l a t i n treatment 200 kg H/ha. However, there wero no s ignif i ­

cant differences in the treatments, where B were applied a t the 

mte of 12$, X£0, 175 end 200 kn/ha. The applljoation of K a t 

the fata of 50 kg/ha and i t s a l l the higher levclo %£ra 6 tgs t . 

fienntly superior in increasing grain yield of 00m as compared 

t o l y ? ^ and ®x*x&i twateei i t s^bui H ^ e tv£«_W^U ^ p«^ 

similar t rend <&e to the effect of graded le*®!* of 8 

on the stover productions was also observed ©s soon in grain 

production. Thaeo results aye in confl. unity to those reported 
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fey&lng&i£g&, C 1 0 5 ), £>ms$mw ( 196? } end iasstlty 

{ 19A ) l a celeareouat sandy so Us vtth seine ®B an Indicator 

©s©f>* 

W.1.1.2. m production In winter season 

An appraisal of table **> ieveal@4 that the addition 

of B at al l th» levels slgi&f icaatly ineraessed tie DM yield of 

EJaize at Knee-high and tassel log etag»® as cocparad to so 

nitrogen, significant higher Hi production at la&e*hl# and 

iaaeellng et&gM wars observed la the treatment 175 &wi 200 kg 

K/)m jeypoctiTsly na oonpared to tbe rest of the treatments • 

However, thee© treatments were on par vtth each otter, She DM 

production/in the treatnents 125 and 150 kg H/ha were found to 

be on par with each other at knee high stags. 

The K fertilisation at al l the levels significantly 

Increased the grain and IM yields of mntzQ as compered to no 

nitrogen. significantly highest grain production ( Table h ) 

mm observed by the N application at the rate of 200 kg/ha. 

The application of H at the sat© of 175 kr/fe vm£ ^ P*' ***» 

200 kg of ii/ha In both grain and H$ production. 

^iiallar observation* were also perceive a by Pbadte 

( 1970 >t Hanolel £& £*• ( 1971 ) and Sin#5 and Bra* < 1973 >» 

Comparison of IS* production in rainy and winter seasons 

revealed that grain and Btover productions In rainy season 

was comparatively nor* than in the winter, indicating the 
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superiority of the forcer over the later. It ®&y presumably 

be due to the optica soil temperature, seasonal effect which 

has initiated 1A the better root growth and Ulttoately resulted 

into higher m production. 

*>.1.2. Concentration am uptake of K as inilucnced by the 

gtaded levels of S at various stance of com : 

The data of the per cent concentration and uptake of N, 

p and K at different s teps were processed statistically and 

are presented In Tables 5y 6, 7, 8, 9, 10, 11 and 12 for rainy 

and winter seasons. 

^.1.2.1. Balny season : 

Perusal of the Table 5 and 6 revealed that the H 

concentrations were increased with the corresponding increase 

in H levels upt© certain extent ( Kgp^) , but I t was declined 

later on C ^^H a n d K 8 P 1 K 1 * a t kIWC h 1 ^ and â*8®****** 
stages as per the lav of diminishing returns. i ignificantly, 

the highest concentration of 8 ( 1.160 % ) at knee high and 

( 0,7**0 % ) at teaseling stage were found in the treatments 

150 kg of N/ha. However, the application of 150 kg N/ha was 

on par with the treatments where B was applied at 200, 175 and 

100 kg/ha at knee high stage. At teaseling stag®, al l the 

treatments were on par with each other except control (H^K^). 

oiKiiar observation was also reported by sbtnda C 1972 )• Ae 

retards| the uptake of H &t both stages, i t was found to be 
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significant. ?be application of N at tl* jsate of 125 kg/taa was 

on par with 150, 17f s»4 200 kg/ha of N at Ume bicn stage whan 

the uptake of 5 was considered. The uptake of II in the treat-

Bents 175 and 200 kg H/fca was found to be on par with each 

other at taaeeliag stags. 

Table 5 s $ concentration of H, P and K i s the oaiise plants at 
different stages of grovtnt as allectod by levels of 
K ( Rainy season ). 

Treatment Knee fcigb XasseiJag 
11 P k"" H P 

J t 
K#i*i 0,990 0.303 1,710 0.703 0.230 1.52 

B|P» Jw 1,003 0 .3& 1,693 0,713 0,3*6 1.52 

Wi 1*013 0,382 1.68? 0,726 0.2^3 1.53 

S 3 ? 1 K 1 1,020 0 .M5 1.657 0,727 0.250 1.52 

KljF^Ki 1,110 0.M7 1.633 G.736 0.250 i.?3 

! l5plKl 1,136 0A13 1.5**\3 0.733 0.253 1.55 

V A 1,160 0 . ^ 7 l.**07 0.7**0 0,2*3 1.53 

Vi% 1.130 0,353. 1,373 0.737 0.2*3 1.52 

VA 1.130 0,331 1,250 0.735 0.233 1,51 

4x test * * * • H,S, * U.S. S,ft» • 

*>,&, Jfc 0.033 0,0025 0,026 0.0078 o.ocfc© 0,0185 

CD. a t 

5 % 0.099 0.007* - 0,0233 

1 % 0,139 0.0106 - 0.0329 
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fame 6 t Uptake ©f H, P end K (g/plant) by eaiae plant a t 
clifftrfcnt stage e of growth* as affectod by levels 
of H C Bala? season 1. 

Treatment Kaec high : Tassel lug 
f K M P K 

VA oa60 0,(*8 0#273 0#37 oa22 °*7 9 

^PJKJL 0.2M) 0.082 0.39P 0m% 0.X78 1.09 

VA 0#aB3 0 a ° 5 °^ 6 6 0#7X 0#239 X - 5° 
S3P1K1 ° * 3 0 0 o a a 0,l*ao ° * 8 5 0 t 2 9 ° l t 7 6 

VA 0#334? 0#116 0#lfS8L ° * ^ °» 3 0 9 1#8? 

S^&L 0.36$ 0.133 O.U-97 0.96 0.330 2.02 

VlK l QMl °*X 3 8 °* l f 9 7 3L»oaL ° « 3 3 2 2*08 

V A °»1*'29 0a3N> °* 5 2 2 Xm0^ 0#3^8 2#17 

8 ^ % 0.^35 0.133 0.**81 1.096 0.3*7 2.25 

F tost * ** ** ** ** ** 

~.E* ± O.Ck O.OCfc? 0.0003 0.021 0,00©12 0.018fc 

c ,D,st $ $ o .U99 o.tak 0.00097 o.o©*» o.casfc- 0.025 

1 % 0.1692 0.020 O.OQik 0.090 0.0259 0.0?S 
m*+**#**mm**mmi**m#mnmmumim\ HHIIM mrm wiumwwwMWwmti IWH IIIIHHMUKIIWIWIWIIHIII' HI m i i t i mi I>I niMiii»wwii>)*>»it̂ wwwi»»iiiĴ 'N«MJH.«̂ lw,.i».iL,l.til.̂ l —».. i.^awiwi—,n.iliwli«i'iii»i"w»Mmii»M« > •»n«M 

At knee high stage t the concentration ana uptalae of F were 

found to he si&nif leant, while the concentration of K was ohse*. 

ved t o he non s ignif icant , but the uptale of K found to he s igni­

f icant, fhe consrentratlon of P and K vere found to he no* s igni­

ficant, hut uptake o f F and K found to he eiomfLoaat at tasse l -

lag stags . 
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Table 7 t % concentration of %% P and K In the mim plants at 
harvest stage as affected by 30*0X0 of K ( Balny 
season ), 

Treatment 
T" 

Grain 

0.^27 

t 
i « n . — i ^wer T" 

Grain 

0.^27 0.293 0.122 

t 

V A j-**?*'j 0.303 0.^27 0.293 0.122 1.58 

%PA 1.300 0.307 0.V20 0.2^^ 0.126 1.63 

V A 1.396 0.312 0 .M5 0.297 0.129 1*656 

V A l.**67 0.317 0.^13 0.300 0.130 1.693 

V A 1.533 0.333 0.**03 0.310 0.135 1.7**0 

V A 1.600 0.337 0.393 0.323 0.139 1.806 

VA 1.68k 0 . 3 ^ 0.390 0.336 0<A35 1.870 

VA 1.667 0.293 0.380 0.350 0.133 1.S5? 

VA 1,653 0.283 0.360 0.390 0.131 1.82? 

1 t e s t » • n9£m S.S, 4> * » * 

£>.£• J: 0.^5 0.0205 0.0236 0.0165 0.228 0,0^-6 

co>.a* 5 $ 0.135 •• •m 0.0Vf3 0.639 0.072 

1 % 0.190 • m 0.0693 0.973 0.105 
!'•»•»>••—Wlwia •*t«im#nm,*.-^*Hmc mi •*—N.I«I«I I ' W I » » I I —>IH««IW»III v'm-iim*M<< ~>*»^*~.»m*^i>**n^^^-m~ -**•,•**«•« i«« M «ww(pMimi» | i ' l i iM I I I I I W I I — I H B W II"I— 

The data In Table 7 and 8 at feamst sta^e indicated 

that the significantly highest concentration of 1-3 (1,6$* %) 

i n grain mad ( 0.390 $ ) stover vera observed in the treatments 

150 kg l̂ toa < V A } and 200 kg W*& < V A > # raspactiwly. 

Vim application of fl at the rate of 125, l!K>, 175 and 200 kg/ha 

were on par with each other when the concentration of H In 

grain was cons ids red. The treat sent a of 175 and 200 kg of N/ha 
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i& stover yield were observed to t» &im$3MT* Tim application 

of H at 50 kg/ha and its al l tb§ hlgber levels yes* signifi­

cantly superior in increasing concentration of H in grain as 

compared to ^ 1 ^ a n d V A * 

Tafcls 8 i Uptake of B, F and K (Wha) by adLse crop 
harvest stage, as affWeted by levels of H 
{ I ainy reason ). 

at 

Treataent i Grain 1 &tow;r 
K P t H P K 

Vft 30.^93 7^*0 10>$B 8.739 3.6»*9 H7.167 

Vi% 36.852 B,m 11.8^5 11.211 *f.8X9 62.551 

¥ A 50,1**0 u.i$fc 15.109 12.956 5.632 72A58 

VA 67.903 l*t.6>t>3 19.100 16.97**. 7.380 96.158 

VA 80.**©0 17.200 20.956 19.85& Q.638 111.818 

VA 102.6k) 21.611 26.36? 25.637 1 0 . ^ 3 XV2.5k*o 

Wi 112.317 22.380 26*71b 27.H63 10.971 152.320 

VA 110,170 20.723 286.837 30.**06 *•*"*** *T*JF^* 161.370 

% % 122.782 20*191 25.758 3^.19? ll.£H> 159.730 

F t e a t * * • * ** # * # • • * 

CJ&. j ; 3.095 0.693 0.771 1.32** 0.W91 7.0!^ 

C L . a t $ ?£ 9.270 2.078 2.3X2 3.969 l.*»?2 21.1^8 

1 $ 13*110 2.930 3 . 3 ^ 5.»*99 2.1X5 30.033 

lurther, i t vaa observed that the concentration of P 

and £ in grains as affaeted by the application of different 
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B levels ma found to be non significant. But, when total 

uptake was considered, It vas found that II fertilization 

aignif loantly influenced the uptake of F and K. This may 

be due to increased m production by the N application which 

resulted into inesease in uptake of i> am K by the crop. 

These testate axe in close confirmlty as reported by 

Chaugule ( 1966 ) , fore over, Kherche ( 1969 ) reported that 

the K content of Bales grain shove a a positive Increase vith 

increasing level of B. 

^.1.2.2, winter season : 

The concentration and uptake of N, F and K as 

affected by graded levels of H at knee high and tassellng 

stages wore statistically analysed anil art presented to Tables 

9 ajsd 10, 

Aa appraisal of Sables 9 and 10 icvealed that the 

treatment differences on the concentration and uptake of H 

vese found to be significant, si^lfioantly, highest concen­

tration of B ( 1.15 % > la sales plant was recorded at 150 

kg H/ha followed by 200, 175 *&d 100 kg B/ha at fcnee 

high stags. However, there was no sl^tlHoent differences 

aeons these treatments. Significantly, highoat concentra­

tion of H ( O.7V7 ^ ) was found to be in tho treatment 150 

leg H/ha followed by sest of treatments at taaseliag stage. 
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Significantly, lowest concentration and uptake of H vae found 

ill chBck plote at kn»e high and tasseling utage. 

Tata© 9 : % concentration of H, F and Ki« to sedge plants 
at different stages of growth ân affected by 
levels of K ( winter season }, 

Treatment 
H p 

feign j r a s se l ing 
H p 

feign j 
1* J & 

V A 0.99 0.312 1.717 0.680 0.207 1.9»7 

V A 1.00 0.35? 1.703 0.706 0.207 1.550 

V A 1.01 0.399 1.660 0.710 0.207 1.^*7 
MfA 1.02 0.^25 1.630 0.713 0.203 1.55? 

V A 1.10 0.*f29 1.553 0.723 0.203 1.560 

V A 1.15 0.M7 1.5W 0.733 0.207 1.550 

Wi 1.15 0.391 l . M o 0.7**7 0.190 1.533 

VA 1.13 0.3*7 1.363 G.7^3 0.187 l . $*0 

V A 1.1k 0.3^® 1.260 0.7^0 oa77 1.530 

r t e s t • # * * * • 1I.B. H.6. 

SJE* J; 0.025 0.00V 0.02k CCOB 0.006 0.010 

C.D.afc 5 # 0.075 0.012 0.072 0 . 0 ^ «* a* 

1 * 0.106 0.016 0.102 0.076 mm • 

«)wrtW>«»<w»»«w>.«M»»»WM«ilWt»^^ i w r o w w i — M » » ii I ii ir i mim»miMiimtm*m0mmm»mtmmmmmm»mmmmmm>mmmmm'mummimMm^mmmmvtm\>u^ 

The concentration i s the ©ai»e plant;: of P and K 

( Table 9 } as influeiicea by D application lseyc found to bo 

significant at top* higi), but, at t&aoeling eta GO, i t vss 

found to be not significant. 
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fanl© 10 i %ta$® of H$ P and K Cg/plant) 
different stages of growth, as 
of S ( winter season ) . 

s© plant a t 
feeted by I s w l s 

Treatment fBnw?,,m^.. 
T 

xa£sel.ln^ 
K 

VA 

ltflKl 

VA 

V i K i 

V i K i 

I taut 

s .£ . £ 

C.JD. a t 5$ 

1 $ 

0.133 

0.193 

0.206 

0.2»*3 

0.270 

0.300 

0.32& 

0.353 

O.jNS 

0.039 

0.063 

o.osa 
0.101 

0.105 

0.109 

0*110 

0.106 

0.0323 0.003 

0.097 0.010 

0.136 0.QJ& 

0.213 

0.297 

0.3M3 

0.38? 

0*37^ 

0.1*03 

0.396 

0.**27 

0.383 

## 

0.010 

0.030 

0.<&3 

0*296 

0.393 

0.1*87 

0.610 

0.703 

0.793 

0.870 

0.890 

0.913 

• # 

0.015 

o.cto** 

0.062 

0.090 

0.115 

0.1M 

oa7** 
0.19B 

0.223 

0.221 

0.226 

0.217 

0*007 

0*020 

0 . 0 3 

0 

1 

1 

1 

6? 

m 
08 

33 

51 

1.6? 

1.79 

1.86 

1.89 

* * 

0.027 

0.080 

0.113 

A doee look a t Saniaa 11 and 12 indicated tna t s igni­

f icantly n i c e s t concentration of 8 ( ! . £ • % ) vns observed t o 

bs in the 175 and 200 kg of K/he followed by 150 and 125 

feg H/ba. Hovcver, there was no significant differences among 

the t reatoents . Tbe yield of H In 100 kg tyhz troatecnt was 

on par vi th 50 and 75 kg of H/ha, but was s ignif icant ly 
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m^erte to 2$ kg N/ha and check ( HQPJ^ , plots. Tbe uptake 

VO.E found to be highly significant as sbowc-u in Table 12 and 

graphically presented in Fig. V. The highcct intake of H 

( 80*76 fcj/h& ) Is grain yield of maize vm recorded by 200 

kg of N/ha treatment. 

Table l i ; # concentration of 11, P end K In tte maize plants 
at harvest stage, &e affected by levels of H 
( Winter &caaon ;. 

Xr^atoent Grain $ , tcver 
•" i F K S P ft 

I#l% 1.970 0.256 0.390 0.252 0.137 «2>. 3**rW 

VA 1.330 0.267 Q.M1 0.260 0.112 1.580 

¥iKi 1.36? 0.276 0.**06 0.273 0.125 1.6MS 

VA 1.380 0»2$0 0.397 0.290 0.127 1.703 

VA 1.^30 0.307 0.390 0.303 oajfc 1.780 

B 5 P A l.»*80 0.326 0.383 0.310 0.139 1.810 

Vx K i 1.510 0.303 0.380 0.327 0.133 1 . ^ 0 

VA 1.5*KJ 0.283 0.363 0.350 0.128 1.810 

VA 1.9*0 0.273 O.3>»0 0.367 0.123 1.790 

F test • • * » t S . * • » . 8 . » * 

5«£. £ 0.021 0.109 - 0.003 0.003 0.017 

C,B.at 5 £ 0.063 0.326 a* 0.0278 m 0.051 

x% 0.0897 OMl •» 0.0335 » 0.072 
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Table 12 i Uptake of S, V and K (kg/ha) by salsa cnop at 
hardest stage, aa afXfected by levels of 3S 
(winter season). 

» « M M » M M M I H | H W > 

S F E I P K^ 

V A 23.132 V.953 8,068 6.03V 2.78V 36.73© 

V l K l 35*288 7.108 10,99c 8,393 3.922 50.851 

V A ^2.799 8.667 12.723 9-813 V.V99 58.9M* 
H 3 V i M.WI 10.2^) 17.V6V 10.770 V.7V3 ^3.700 

V x * ! 56.537 12.125 15.V0V 13.676 6.055 80.187 

n^xKx 66,283 1V.5BX 19.538 16,212 7.219 *V.0P7 

% F A 72,10V 1V.V69 18.083 18.V2? 7.502 IO3.6V3 

V l K l ^-256 1V.22V 16.112 30.536 7.£*2 107.307 

V l * l 80»760 1V.33V 17.835 23-506 7.805 1X3.828 

I test ** ** ** •* *• ** 

^.£. 4 I.V38 0.V78 0.32& 0.V86 0.21V 2.6V1 

C.&.at 5 # V.311 1.V33 0.977 I.V57 0.6V5 7.91® 

1 $ 5-922 2.030 1.396 2.056 0.901 11.167 

intake. 

Msoat Simla? trend In the different levels of %Jm 

the stover yield were observed as in grain yield. These results 

corroborate the fladings wade by Ffaadl* ( 1970 ). 

In Tat&ms 11 and 12t tl® effect of graded levels ©f 8 

application on the concentration and uptake of P in grain 

yield mm found to be significant, wherons concentration of 



F I G . h : UPTAKE. OF N ( k g / h a ) BY M I 2 & CR0P(GRAIN AHD tlTOVLR) 

AT HARVEST STAGE, AS AFFECTLD BY IiJVLLS OF N DURING 

RAINY AMD WINTER SEASONS. 
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K m grain vm found to be mm significant, but Its Uptake 

was found to bo toigfaly significant It say toe due to the 

affect of ©ore grain production. In stover, th© concentra­

tion of ? was observed to tie nan significant, but the uptake 

of P In stover production shoved the significant effect. The 

offset of stover production en the concentration ana upt&fe* 

Of £ vas round to be highly fc i ^ i f iceuu.. 

I t can be concluded frot the foiegoing observations 

( Balay and winter seasons ) that the rainy season is better 

for the production of grain and stover and up kike of H than 

the winter season, food performance of miz@ la rainy season 

Kay be attributed to the favourable clicatic conditions 

existed as pointed out by sehrlBpf ( 1966 ). 

***&• y series J 

5K2«X# Effects of graded leva la of r on the dry pat tar 

productions at different stages ; 

Effect of gra&d levels of P application on the dry 

matter yield at knee high, tassellng and harvest ( grain and 

stoker ) stages of com in rainy and winter seasons *e*e 

statistically tested and data are presented in Sable 13 and 

grade and stever product ions aje graphically depleted in 

Fig# 5, 

^,2.1.1. iM-i production In rainy season * 

Data free Table 13 shoved that the effect of graded 
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I I G . 5 : EFIE.CT OF GRADED IEVLIS OF P OK THL GRAM AIID STOVER 

YIELD OF KAI2L AT DIFFERENT SEASONS . 
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levels ol' P on tbe ii: production at knee h l # f t&ssellng audi 

harvest ( grain and stover ) stages were found to be slgnl-

1 leant, significantly, highest dry esattcr v&& found at knee 

high ( 31,06 g/plant ), as well as at tasseling stage (65.83 

g/plaot; by the addition of 100 kg l? jf\vx followed by 80 kg 

PgCVfca. However, these treatments vers on par with each 

other, significantly, highest grain ( 66.79 ?/&& ) «a<l 

stiver productions ( 81.83 o/ba ) vera observed by the appli­

cation of V^>~ at the rate of 100 kg/ha. She treatment 60 kg 

of PgO^ha was on par with SO, 100 kg of P ^ / h a In grain 

yield, similarly, the stover production due to application 

of PgO,* at the rate of M), 60, 80 end 100 kg/ha was on par. 

Significantly, tbe lowest dry matter was observed in the check 

plots, These observations support the findings made by Selena 

and Santas { 1966 ), Singh and Brar ( 1973 ) @ad Kalswley and 

Baynss ( 197V > f0r response of ealse to phosphate fertilisation. 

if. 2.1.2, m production In win tar season 1 

I t appeared free Table 13 that the treatment diff­

erences for the m production at knee high, taseeling and 

harvest stags ( Grain and stover production } were found to be 

significant. Significantly, highest m yield at knee high 

( 28.^9 ©/plant ) end harvest stages ( k&mk2 o/ba of grain 

and 59*01 e/ha of stover ) were obtained by the use of 100 

kg P20y})a and nee Imedl&teXy followed, by 80 kg P2:yha. 

But, there was no significant difference between these 
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treatments > Significantly faintest Dl. production at tassallag 

stags (69.30 ©'plant ) was recorded by the application of 100 

leg PgO /̂ha. The m production in 60 kg ?2oyha a l t h o uSh 

ini®rlor to SO and 100 kg i^G^/ha, but was found to be superior 

to rest of the treatments. 

The check plots ( v^jtj^) oas recorded significantly 

lowest m production at knee high, tasselinc ana harvest stage 

( grain and stover ) . 

*H2»2. Ooraentratlon and uptake of p as SafWnasd fey the 

gradsd levels of phosphorus at various stages s 

Mineral constituents namely p t H sad K as Influenced 

liar P levels at knse hi$i, tassel ing and harvest stags* nor® 

statistically calculated sad at© presented in Table %k9 15, 

16, 171 18, 19, 20 and 21. 

V. 2.2.1. Balny aaaaqp : 

A perusal of the Table Ih reveclcd that the efffect 

of P levels on tfc© concentration of P was found to be highly 

significant. Significantly, highest P concentration (0,317 %) 

at kne« high and ( 0*333 £ ) tassailag stage vae observed to 

be in the 100 kg tyjft* foiaauad fcy 80 lq̂  Vg.Jtm. Hovever, 

they vers on par with each other at both the stages, signi­

ficantly, lowest concentration of P was recorded in the 

^ o V l trsatwnts. 
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$&!&• 1* t % conoentration of P, I and K in the aai»e plants 
at different stage e of growth as affected, by 
levels of P ( Rainy ae as on ). 

Treatnwit 
T T" 

*1 
I test 
S*B« J; 

C.B.&t 5 36 
1 * 

0.192 

0.212 

0*230 

0.269 

0.2S1 

0.317 
* * 

0,007 
0.023 
0*032 

1.013 

1*026 

1*083 

1.160 

1*130 
• 

0.031 
0.057 
00.39 

1***0 

1.126 

1*123 

1*113 

10-06 

1.070 

0*019 

0.233 

0*263 

0*273 

0 . 3 5 

0*310 

0*333 
#» 

0*010 
0,028 

0.71*? 

0.773 

0*800 

0*81? 

0.810 

0.810 
» 

0*011 
0*03? 

l.*93 
1*50* 

1.193 

1.503 

1**90 

1**87 

V.8* 
0*006 

0*039 0.050 

Table X? 1 UptaJw o f P , KandK (s/plao 
different stages of growth a; 
of P ( H«dny ieaaon )» 

t ) by oalss© f lam at 
arreted Ijy levels 

Tstatasafe miffBrfflrKiii jr>' H c L 
p 

gW"«MW« 

? 3 V l 

? t«3t 

C*B. At 5^ 
1 * 

0.0*5 

o*of5 

0*061 

0*077 

0.087 
0*098 

* * 

0*003 
0*008 
0*011 

0,236 

0*266 

0*290 

0.330 

0*366 

0,366 

0*008 
0*026 
0.037 

0*266 

0.293 

0.300 

0*316 

0*330 

0.336 
* 

0*011 
0*03* 
U.0^8 

0*108 

0*139 

oa5* 
0*173 

0*198 

0*220 

0*007 
0*022 
0*029 

0.3*3 

0**10 

0**53 

0**97 

0*517 

0.533 
* 

0*031 
0.099 
0.1*0 

0.690 

0*7S7 

0.8*3 

0.913 

0*950 

0.977 
* * 

0*012 
0.039 
0*855 
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Aiaeei similar trend of F intake vas also observed i s 

Uptake of P ( Tata© 15 ) at knee feign and tasaeling stages as 

seen in concentration of P. 

.Effect of P levels on the concentration and uptake) of 

B ( Table lhf 15 ) nasi found to be highly significant* It 

Bay be attributed due to the effect of I. on the lneseaee in 

vegetative growth of the mlae, 

Tb© effect of PgC* application on the concentration of 

K ( Table H* ) at knee higb sod taa@eling stage vere found to 

be Hon significant. But the uptake of K ( Table 15 ) *m» found 

to be significant by the addition of p at various level*, 

The data reported in Table 16 indicated that highest 

concentration of P ( 0*323 % ) in grain was observed , by 

application of 100 kg ?2Wha, followed by the rest of the 

treatments which were on par except check plots ( FgRjK .̂Tke 

lowest concentration of P both in grain and stover was obser­

ved in check plots. Si^iificantly, the hicheot concentration 

of F ( 0.1^3 % ) in stover was recorded by application at the 

rate of 100 kg P2 j/ba. 

Tim effects ©f p levels on the uptake of P ( table 1? 

and Fig. © ) was found to be highly significant in grain and 

stover. Significantly, love at uptate of P was recorded by 

check plots. These results corroborate the finding made by 

Clsen ( 1962 ) for the com and grain sorghum. 
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table 18 i % concentration of F, fi end K in tte saise pXanta 
at harvest atage, «i affected fcy XewXo ©f f» 
(rainy season). 

£l*StB»Sfc . t - t«ver 
i» * K 1 s 

0.233 FcVx o.w X.333 Q&f? 0.082 

s 

0.233 X.5W 
FA% 0.280 I«fc70 0*53 0.083 0.29& X.7^0 
F2Vx 0.296 X.1'33 o.M*3 ©•090 0*3X0 1.6C 0 

' j V i 0.300 X.5®7 0.V33 0OX6 0.320 X.570 

^ ^ I ^ X 0.320 X.6C0 0.%23 0J.27 0.326 1.5X0 

5 * * 0.323 x.w QM3 0J&3 O.350 X»V93 
F t««t # * * H.S. • • *» • 

S*S« jt 0.0x9 0#09t 0.026 0.009 • •» 

C.S.&t 5 % 0.060 0.03J • 0.023 • <•» 

X % 0.08$ O.COB •» O.G^O »» «» 

f &tS&# 17 J Intake of Ft £ aad K (kg/toa) by tmXm crop at 
bartast fttajp «a affaotad by l e w l o of ? (EalHy 
season}. 

Traatwant 0f*£a s t o m 
F » t * & 

*oVx 8.772 59*37 20.35 **.**5& X5-3S^ 88.73X 

¥A X3»9** 73*xx 22. §S 5.072 X8.0© X05*830 

^2^x^x X6.72 88.38 2 5 . # 6.32S 2X*$22 X13MO 

?A% 98.3* 27*32 8*2$ fi^.53^ .w^^pap^^^ wi* ^p •!* 

W i 20.05 Xflk.19 2 7 . # X0.086 2©«©# 120.780 

PA% 
F tes t 

2X.39 
a* 

X06.¥f 
*a 

27 .UO 
• 

XX* 5!? 5 
aa 

122.090 
a 

S«E* J; O.H55 3*951 1.X23 0.30** X.092 5#9$8 

C A Aft & 2.06if X2.tt$ 3.538 0.95? 3*M>0 X8.770 
x : C 2.936 X7.73 5*033 X.36X h*8$t 28.700 
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The concentration ©f U < Table 16 ) wtis found to be 

significant. The ttlghaat concentration of M ( 1.600 » ) in 

grain was recorded by 80 kg of FgOyha ( fy^K^)* followed 

by 100 Hi P2;.c/ha union war© on par In th© grain. The 

increase in uptate of ft ( Table 17 ) ©ay probably due to the 

effect of applied F on tt» uptake of nitrogen which has 

induced its availability in the soi l . Pa t i l ( 1970 ) has 

reported alnost eiaiilar observation In sorchue. 

The of fact of graded levels of P on the concentration 

of K ( Table 16 } was found to bd non-si-nifxcont la grain. 

However, the effect on uptake of K In tasiae f;roln and etover 

was obeervcd to ba significant, indicating the Influence of 

sola dry natter production <tua to application at the rata of 

125 kg tyha with grated levels of p. 

^.2.2.2. tclntar aaaaan ? 

with a view to bring out clearly the effect of 

graded levels of P tfaataents, data on concentration of P, 

1! and K are presented in table 18. the treatment differences 

due to P levels on the concentration of P ¥00 found to he 

highly significant at knee hl^i and taseeling stages. By 

increasing p levels, there wae correspondinc Increase in 

concentration of P« ^i#Jificantly, highest concentration of 

V vaa saan in the 100 kg PgO^ba < Fr^K^) at lose high and 

tasBaling stag®. Further, It would ba observeu that the 
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f al&ft 18 t % concentration @f p, » and K In the s a l * plants 
a t different stages of g iwtb, as affaetad by 
I r w l s of p ( winter season >• 

f yeats*»nt 
T 

IftA r Tasse CSSSpRbn ~r 

*AK1 
*iVi 

FjVl 
Wi 
p5Vl 
» teat 

$ • * • Jt 
c*o« at 5 

J * 

0*193 

o«a^5 

0.238 

0*3*7 

0.29? 
* » 

0*0039 
0.0X2 
0.017 

0.993 

1.853 

1*080 

1*1«$0 

1.130 

1.16c 
* 

o*o*& 
0*075 
0*206 

1.1% 

1*136 

1.116 

1.100 

jfc*J'ir^^ap 

1*090 
* 

0.0117 
0*037 
0.053 

0.216 
•W ^ F « P * * | * r ^ ^ 

0*237 

0*260 

0*290 

0*310 
• • 

0*007 
0.021 
0*029 

0.696 

0*703 

0.710 

0*703 
O.696 

0.703 

1*533 
1.526 

1.536 

1*533 

1.530 

1.526 

T*M» 19 * 

TjeatwBiat 

Uptafca of P, 8 and K (s/plaat > by ra&ise plant at 
differe a* aiages «f growth as af fasted by l a w la 
of F ( winter aaaaon ) . 

I ~K 
>. i>'^.i^^.^^^n»*»»y»-^^5U».-*j%^w^ff*fti ySw^ • • * ! • • !» y^W gfciUH'iWWHHMI 

FA*! 
f taat 

C.D.at 5 £ 
C 1 * 

0*036 

0*1*8 

o.o^e 

0.057 

0.073 

0*085 

0*0011 
0*003 
0,005 

0.1B7 

0.210 

0*230 

0*273 

0*320 

0*330 

0.220 

0.4123 

0**f*0 

0,267 

0*t97 

0*318 

0*116 

0.13a 

0OM6 

0*160 

0*183 

0*212 
* # 

0*0Ck 
0*012 
0*017 

0*360 

0*390 

0.t*13 

0*fc33 

O.V56 

0***80 

0.917 

0*850 

0»9©0 

0*9**0 

1.030 

l.flM* 
a* 

0*018 
0.055 
0.079 
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concentration ©f P obtained i n 30 kg FgO^/ha vm found to be 

on par with 100 kg f^oJlm at taeael lag s tage . 

rbe intake of P ( Table 19 ) at knee high and tasscal­

ing stage were found t o b» almost s imilar, as seen in concen­

trat ion of P a t both the s tages , The uptake of P i n the 60 

kg v2'z/h& treatment ma s ign i f i cant ly superior t o e i ther 20, 

ho kg P2, ^/ha. s ign i f i cant ly , lowest uptake of P was recorded 

in control plot*. 

the concentration and uptake of » C fable 18, 19 ) at 

both tii^ states war® found to bo significant. 

Further, an appraisal of Table 20 revealed that Hit p 

treatment differences on the concentratlon6f p i s grains vara 

found to bo significant, significantly, highest concentration 

of F ( 0.316 .' ) l a grain vas regiatared under 100 kg P2 ^/ha 

Immediately foil owed by 80, 60 and Wo kg ipo«/ha which were on 

par* tiignifieantly lowest concentration of P < 0.21? $ ) in 

grain was re corded in check plots ( 8 ^ % - ^he concentration 

of F in stover was found to be significant. 

I t appealed fro© fable 21 ( Fig. 6 } that the treatment 

differences for uptake of P werefound to be highly significant. 

She treatment F^K^ ( 100 kg *Vyha ) was on par with P^H^ 

(30 kg P2cyha) in regards to the uptake p in grain, signifi­

cantly, lowest uptake of P < 6.159 kg/ha } in grain was 

observed in check plot ( P Q E ^ } . Alsost similar trend of F 

uptaks was seen in the stover* 
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t&lam 20 t % concentration of ? # I and K in the ©aiae plantsat 
the harvest stage, as affected by levels of P 
(Winter season). 

freato&nt „ 
V 

Oraln 
'" 'If 

stmr 
V 

Oraln 
'" 'If P i t 

fA% 0.217 2.273 G.**-30 0.000 0.270 2.620 

% » ; { % 0,273 1.350 0,¥*6 o*oav 0.286 1.683 

w* 0.900 l .veo 0#**29 0.090 0.293 1.630 

y 3 % % 0.320 1.510 0.^23 0.107 o.sto 1.590 

***%% 0.330 2 .W3 0 M 3 0.123 0.330 1.520 

? 1 2 0.326 1.596 0<M6 0.139 0.363 i . ^90 

1 test **> * * * # » • » 

&.£• jt 0.021 coos 0.006 O.OCS&L - w* 

C*D,at 5 % 0.03** 0*Q?/ 0.03.9 0.0050 - *» 

1 % 0.0**© 9.081 0.027 0.0063 m -

Table 21 1 Uptake 
stage, 

of P, H and E (Kg/ha) by Dfiiae crop at harvest 
fey l#*©ls of P Odnte? aeasoa). 

<BHMniii«WwiniiHwii imimi«»mi j i 'm imwn 

<w 4R^PIwWMp8rwftwV Gwdn tover 
p n IK; P £ 

% % 6.159 36.238 12.238 2.766 9.3lfr 55*671 

¥A 8,82* •r3**»**9 1h&9* 3*202 10.099 6^.223 

p A K i 10.703 5&.607 15*302 3.760 12.278 68.1*5 

W i 12.820 62.5NJ 17.533 5.052 1^,605 75.059 

W i !5«Sfc7 72.725 iV.i*^jr 6,76k IS . l oS 83.623 

5 * n i 15.35P- 77.3®. 19.702 8»3.99 a . 3 9 9 87*890 

I t e e t «* * * * *# m* • • 

C.D#«t 5 £ 
1 * 

0.192 
0.606 
0.862 

l«2cfe 
3.903 
5.665 

0.609 
2.922 
2.730 

0.083. 
0 , 2 ^ 
0 . 3 & 

0.539 
1.700 
2.1*20 

1,670 
5.262 



F I G . 6 : UPTAKE OF P ^ ( k g / h a ) BY MAIZE CHOP (GRAII? AMD STOVER) 

AT IftRVEST STAGC, AS AFIECTED BY IEVL1S OF P ^ DURING 

RAINY AND WINTER &LASON. 
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H* data reported in Tables 20 r-nd 23. indicated 

that the effect of P levels has significantly influenced 

ill the concentration and uptake of N. Sl^aif Icantly, 

higbeat concentration of H ( 1.596 ^ } waa found by 100 kg 

pgO^ha followed by 80 kg P2
rx/k& ******&*&&• significantly, 

highest Uptake of H ( 77.301 kg/bet ) ws recorded at P^X} . 

>laHar trend of P uptake was also observe, in stover, 

ffcus, from foregoing observations, i t would be con­

clude that the economic optismm yield of both grain and 

8toftt production is tetter in the rainy so&son than winter 

season. 60 kg of P^O^ha treatment lias significantly produced 

©concede options yield i s rainy season, 

^•3. Quantitative ©valuation of B and P Boil tests with 
^»Mi.iWMl^ll|»l^iMl^im'il«*miMM^IM*l*i i " l ^ <^<W^if^^il,M«WW^^''lMiWiW»»i*»ll#«'»w"WM»»»''IWi|i<i^ltfi||i-ttwiW^ilWI'Willi 

response of mias through a ©edified liitxcherlieh-

Bray e<guation : 

For quantitative evaluation of the relative efficiency 

of soi l tests for B and P and graded doso^ of H and P ferti­

lisers with response of eaige, through a eodiiled KitBcher-

lioh-Bray equation were calculated eiath©mtically# 

**«3»1* Xhe fitness of the curvilinear production J 

ht 3.1*1 *bfl«cfc of different treatments of M on the grain and 

stover production and uptake of H. 3? and K : 

the curvilinear product ion function equations ( fro© 

equation 3 > ) on the basis of actual yield obtained in regards 
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t© both grain and stover, and uptake of II, V and ft as 

influenced by Increasing levels of » %per$ voiced out in 

rainy ©ad winter season and are reported ( Table 22 and 

23 Fig. 8 ) below. 

rainy season ; 

Grain yield 

X 

stover yield 

» 

p 

X 

Grain yield 

ft 

P 

X 

ctover yield 

S 

P 

X 

Y » 20.950 + 0.3982 A. 

X * 2M-.313 * 0,6693 x 

Y « 5.713 * 0.16*1 x -

T * 8,797 • oa7**6 X -

Y * 2?.258 • 0.1*587 I 

Y « 8,179 • 0.11M x -

Y * 3.168 * 0.0707 * -

Y a Wo.876 + 0.8890 X 

• 0.0006f3 X2 

- 0.000752 X2 

0.000**32 X2 

o.oocki9 x2 

* 0.000708 X2 

O.OOOOBfc X2 

0.0WL* X2 

- 0.001270 X2 

Y a 19.8^9 • 0.S&60 X - 0.00J^13 X2 

Y * 2**.ias • 0.3850 x - 0.000*160 x 2 

Y a ^.583 • 0 . 1 0 ^ X • 0.000280 X2 

Y « 7,907 + 0.1380 X - O.OOOM& X2 

Y a 2fc.6l8 * 0.2231 X « 0.000120 X2 

Y a 6.28? • 0.0606 X • 0.000130 X2 

Y a 2.716 4- 0.d«a>» . - 0.000076 X2 

X » 36,310 * 0.^9 X „ O.OOCMO X2 

l o r predicting t t» response to K application, the 

calculated yield ( grain and stover ) and uptake of B, P 

and X were worked out on the basis of product ion function 
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Table 22 $ Celei&at3& yield of groin arid 8 to*®* (<j/ha) and 
uptake of Rf V and K (kg/txi} in miliar season. 

Treatises G r a 
issir~i— 

i a s u i i r 
xfitlof I» 

8 ^ % 20.95 3*.31 5.71 8*90 

S.P.K. 30.**9 hQM 9*55 13.09 
A J . * 

VA 39#a3 55*7a ^ ^ 16*^ 
VA **7**k 70*02 **•** 19*73 

VA •̂̂ ** 03#37 1 7 # 0 ° ^ ^ 
BgF^ 60.52 95.79 19.**© # H 2 8 

V A 65.99107.26 20.61 a5.77 

V A 70.o%137.80 21.20 86.5% 

VA ^•^ ^ ^ 2X*2^ 27*ls 

27.26 8.18 3,17 **0.88 

38.23 10.99 *.85 62.31 

k&M 13.70 6.37 82.15 

f?.6S 16.29 7.72 100.M 

66.05 18.79 S.90 117.08 

73.52 21.18 9.m 132.16 

80.13 23M 10.76 lH-5.65 

85.85 25.6** 11.M* 157.56 

90.68 27.72 21.95167.88 

Table 23 : Calculated yield of 
of Hf F and K (kg/tea 

rain and stover (q/ba) and intake 
in vdntor a@a@om. 

Treatment 
Yield 

6 ? & 1 
i" '• 

a —r~~ Uf« r 
Yield 

6 ? & 1 
i" '• 

a —r~~ YUM «f r K 

VA 19.85 £+.12 h.% 7.91 ^••62 6.29 2.72 36.31 

VA Z^7k 3*.**6 ?•&* 11.06 30.07 7.88 3.70 **8.27 

^2^1^X 31.12 i*2.22 9.15 13.65 35.37 9.6% **.60 59.66 

VA 35.98, 5©M 10.91 15.70 50.53 11*56 5.39 ?0M 

VA U0.32 55.02 12*32 17.20 ^5.53 13.65 6.10 80.71 

VA w**i5 65.08 13.38 XS.lH' 50.38 15.89 6,70 90.37 

VA 1*7.1+6 71*52 1^.09 18.53 55.08 18.30 7.22 99.**6 

VA 50.25 77.M 1**.**5 18.38 59.6fc 20.87 7.63 107.97 

% P A 52.53 82.72 IhM 17.67 6V.o»* 23.61 7.96 115.91 

http://70.o%137.80


F I G . 7 : GHAIK AliD ctfOVER BFbpOHSL TO II, OBTAINED FY IEL OF POLYNOMIAL 

EQUATIOII IF DIFIXBIHT SEASONS. 



FIG. 8 : KLIAHON HSTVJELN UPTAKE. OF IT ( k g / h a ) AND APPLILD II , OBTAINED 

BY IBL OF POLYNOMIAL li ;IIATlON IN DIFIXRI.KT SEAiiQITO. 
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equations and are presented i s Tables 22 and 23 and depicted 

in Fig 7 and $. 

I t would be observed fre© fata.©© 22 and 23 ( *'ig# y 

and g) t i n t the lav of diiainisbing r® turns control the grain 

and stover production and nutr ient plant composition relation-

snip with mcards to application of K, I t appears tha t , with 

Increase in graded levels of !i t there was corresponding 

increase in f ields of grain and stover and uptake of N, up to 

150 *8 ®f */*» An both the seasone. After t h i s s the rate of 

iH6f@aB© was redueod. 

Correlation coefflcieritc between the observed and 

calculated yields ware worked out to assess the va l id i ty of 

using these c, and c values in these calculations, ffae 

coefficients for grain Q.991*% stover 0.991** to rainy 

season and for grain 0.999**» stovor 0,993** i » winter 

season < Tabic £* ) f suggesting a highly signif icant dose 

i l l a t ions hip between ths calculated and actual observed 

yield. There was a significant curvi l incari ty in regression 

calculated by tbo second degree polynanftnl. in which ease 

the coefficient ^correlation existed were of tbo high order> 

t h i s proves the s u i t a b i l i t y of the KltoO^ octhou for d©ter«i~ 

Ring c^ and c values for ver t i so ls in &avar®s©« aeries * The 

degree of coefficient of dot© ruinations between tba actual 

and calculated yields in regards to grain and stover in 

rainy and winter soasene ware 99*30, 99*30 and 99*80, 98.60 

respectively. This shows tha t equation relate:; the ylsld of 
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feotn grain and stover to tfee/nutrients in tbs s o i l . 2b©s© 

resul ts axe in close confix© i ty as reported by Dhanapetlaa 

&fc §£* ( 1973 ). 

**-.3.1.2. ! ffect of different treatisents of P on the yi^ld 

of grain and stover and iietatee of r , fl and K In 

various seasons : 

7h@ eurviUnear production function equations 

(fro© equation 3.V> on tii© ©fleet of different c*ad£d doses 

'twsmmiRg l eve l ) of v on tfee toaels of actual yi&id of both 

grain and stoker, and intake of P t B and K vore voitead out 

in rainy and v ia to r seasons. 

i ainy so as on : 

Grain yield X « **3.70fc • 0,**»3L6 X - 0.00199 X2 

» X * 33.392 * 0.9253 X - o.ocMfl X2 

P X m 9,137 + 0,2330 X - 0.0011** X2 

K X » £0.075 * 0.1766 X - C.OC003 x3 

stover yield X « 53«3U * 0.525!? * - 0.00237 X2 

K X * 15.186 • 0.1780 X ~ 0.0CW X2 

P X • *K231 + 0.0*§®9 >: - 0.0002? X2 

K X » 63.073 * 0.8698 X - 0.00^*2 X2 

il5fer_aerv£oji i 

Grain y i e ld X * 28.155 • 0,2169 X - 0.0000? X2 

H X • 35*^23 • 0.M&0 A - 0.00d»2 X2 

P X * 6.082 * 0.1^0 X • 0.000̂ 6 X2 

K X * 12.266 + 0.1000 X - 0.00Q#* X2 
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Center yield T * ^ . ^ * 1 * 0,1700 x •** 0.00080 X2 

N f • 9.k3k • 0A£i0 X • 0.00076 X2 

P ¥ • 2.73* + 0.0X300 X * 0,000f3 X2 

K Y * 56.110 + 0.33^0 X -0.00013 X2 

for predicting the response to P apj&ieatl©»t the 

calculated yield C grain ana stover } and trials© ©f P, B 

and K were worlsed out on the tale of production function 

equations and are reported in tabic® 25 and 26 ( l i g , 9 and 

I t would be seen free. Table 25 and 26 that -with an 

increase l a different levels of P, there yae corresponding 

increase in yield of grain, stover aM upta&e of P, upto the 

60 kg FgC^te in rainy and Uo kg of Pgt^fca in w&iter seasons. 

Further, the observed rate* of increase %m& declined. I t ha® 

indicated t i n t there is a tjuwIvtitK. relationship between the 

f e r t i l i s e r dose for P and yields of both grain and stover. 

Correlation coefficients between the observed and 

calculated yields were worked out* I t would bo observed free 

lata© 27 that a h l $ a y significant correlation existed between 

the calculated and actual yield... The coefficient of correla­

tions were . . . crain * 0.995**, s tover « 0.995** In rainy 

season and grain » 0.993*% stover » 0.995** in winter season.. 

The degree of coefficient of ife tared nations between the actual 

and calculated yield in regards to grain and stover in rainy 

and winter seasons were 98.90, 9Q.90, 98»60> 96.90 respectively. 
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Tata© 25 t Calculated yield o f grain and stwmr <q/l») sad 

uptake of P, 51 and K (kg/tia) in rainy soaacn. 

Treafceent 0 * & 
Bel* 

i a 
«&H f T T 

pd%% t f 3 #?° 9al* 58,M> 20#0B 53#31 ** 
^XW 5 1 . ^ 13.3V 7 5.1V 23.19 62.87 5 
P 2 * A 57.7S 16,63 88.35 25.**© 7&.5V 5 

fffifa 62.V3 19.01 98.03 26.95 76.30 6 

%%% M . ^ 20.1*8 10V.18 27.58 80.19 6, 

f ^ I ^ 66.95 2l.0Vl06.SO 27.39 82.1V 6 

23 15*16 88,07 
10 18.56 103.30 

• 7 6 21.57 HV.19 

21 J&.22 120.75 

V5 26.51 122.97 

*? 28.V3 120.65 

Tatie 26 : Calculated yield of grain and stoker (<j/ha) and 
uptake at p, S and K (Ks/toa) In winter season 

Treataenti O r a l s 
s 

y t o i e r 
• i W M p . — - ) . . - . - — - - - — p — J •Hj-n-->|[i--> m i n i njiii am-

aid P T T 

F0%% 28.15 6.06 35^2 12.26 

P A K 1 3 6 ' 7 1 xl*^ ^ .71 15.83 

*A*i ^ ' ^ 1 2 » " fe»* ^ ^ 
Vb. 8 ! k5.06 lh*& 7 0 > 6 5 ^ ^ ^ 
3 ? ^ % 11-9,16 15.68 78.62 19.86 

3V.3V 2.73 9.**1 5*.U 

33.XV 306 10.62 62.77 

Vs,!B 3.9V 12.V3 69.^* 

V7.67 5.06 1V.S5 75.80 

53.M5 6.52 17.87 82.15 

59.71 3.33 21.51 88.V1 

http://2l.0Vl06.SO
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FIG. 9 : GRAIH AND STOVER KZapoHSE TO PgO^, OETAIIED BY USE. OF 

POLYNOMIAL EQUATION IK DIFFERENT SEASONS. 



FIG. 10 : HLIATlOIi EiTWELH UPiV^Oi OF P ^ ( k g / h a ) AID APPULD II 

OBTAIIE.D BY USL Ql POLYNOMIAL EQUVx'lOH III D I F I T K L N T 

SEASONS. 
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Xhlo shows that the equation relates the yteld of both grain 

aad stemsr to the nutrient (P) content In the- so i l . 

h,b Quantitative erasure for the relative efficiency of 

sot! and fortl l laor imtrtenta .* 

Ttm response of m&im plant to acic.ed nutrients In the 

soi l can be expressed oy curvilinear functions &M logarithmic 

functions as postulated by Hitsehtrlieh ( 1909 ). Thtee loga­

rithmic functions verc in©difiecl by Bray ( 19^3 ). lis develop­

ed the equation on the basis of efficiency factor for s o n and 

added nutrient, £h© oodlfieU equation Is as log (A~£) * log 

A - 0*0 - OX* 

%o experiments nerc conducted vtth graded l ewis of H 

and t , for evaluating the effect on grain and stover production 

and uptake of B ana P In rainy ©easen, as veil as in winter 

season* The data obtained, are used for calculating. 

a) the theoretical &aiviimsn yield, 

b evaluation of constants, c^ and c of I'itoebsrlich-

Bray equation, 

c) Bauie units for soi l and fertiliser nutrients, and 

d) the s i te specific fe r t i l i se r formulations for the 

maize. 

a) fheoretical isaxHaua yield t 

The theoretical maxlsum yield ( value of A } vas 



n c . i i s TI^GEL/A'ICAL lAkii/ut: n : . u oi i: S L I . E ^ AID P VJL:X.« X/JT 

liAHIY AilD » X X J i DlAbOIii. 
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calculated by plotting log X against 1/x and extrapolating 

to 1/x —* 0, vh@r@ * is the yield obtained for the applied 

nutrient **• { Banganathan t£ £&., 19&9 ) . Woo tbeoratieal 

cmziEUE yield as calculated by using the equation eentioned 

in materials and methods, axe presented In Xr-.ble 3 and are 

plotted in the Fig* 11. 

I t was observed that the theoretical caadow yield 

for the rainy and winter seasons ( free ccutvtionB 3.1, 3.2 

and 3.3 5 were 7**.l? ^ba and 52,28 o/ha for B series and 

?3.»36 $/ba end ^.33 Vha *©* * series, respectively. It 

indicates that, by employing H and p soil tests and with 

tsaxJoys added nutrient < 200 kg of K/ha and 100 kg F^o^fe*), 

i t is possible to obtain a fcaxJara© yield wider the 8 and F 

expe r e n t a l conditions separately. 

b) Quantitative evaluation of constants &, and o of the 

Hitschg33.iob>Bray equation ; 

Xbe efficiency factor for native soil nutrient <« )̂* 

represents the ability of the plant to use the native soil 

nutrient for production of yield or the amount of dry Batter. 

The efficiency factor for added fort i l l so r nutrient 

(c) represents the ability of plant to us© the adaad nutrient 

for producing the yield or the asaount of dry swfetar* 

The ĉ  and c fact ore calculated for U and P series 
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Tabl© 28 * ^Theoretical t&axJ&tas yield, of!? ser ies < Balny 
and winter siasooi ) . 

Tie&tB»B& 1 Rainy s© as on i n t e r season 
z H e l d 

q/fca 
Calculated. 
log T(A) 

^ e l d 
q/ha 

Calculated 
leg 1W 

z 

S sertac 

0 — 2**,^* — 20.373 — 

^ O.Gfc 20.22 1.^230 26*610 1.3937 

50 0.02 35.51 1.6^7 31.323 1.5560 

75 0,013 M&.ty? 1.7212 35.393 1,6101 

100 0,01 5a.7 1.7585 39.553 1.6371 

125 0.008 6fc.56 1.7809 ^ . 7 8 3 1.653fc 

150 0,00671 68.71 1.795& **7.725 1.66*»2 

175 0.00571 70.97 1.800* 50 A2 1.6719 

200 0.005 72.15 LSWi" $?..*& 1.6777 

yield 

P 

1.87 03 

7^4.7 

mum 

1.7183 

52*28 

0 *— *f*T^*f^P — aaSm — 

20 0.05 *+9.$fe 1.6SM 32.50 1.5567 

ko 0.025 53.11 i.75**- 35.3? 1.6608 

60 0.0167 63.35 1.8005 5 1 M 1.6956 

80 0.0125 65.25 1.8137 *#6.25 1.7129 

100 0.01 66.79 1.8216 ^8.52 1.7233 

Theoretical 
caxtBUE yiald 1.853+ 1.7659 

q/ha 71.36 58.33 
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separately for rainy and winter seasons olongwith ratio of 

e^/c are presented in fable 29, 

fable 29 : iffioieney coefficients of sol i test ana added 
II (at i t s suff lcieney level;. 

i nimi i B i i i i i i i l|l^lp^rnr^^^l(•ni^T¥l~nl**TlT^^T1^T^|i^ •n i fwiMi i r rwi in i i f tTwr i i iT- i -~ l f i J - •• T'Ti imi , i , - i i m , , i r nrrrr 'H IT I — r ~ itr' • r'~ ~n -~" -— r " '"""TT r— - rrr ~n • "i I'll " li UTr "Vi - l 

eason c, BaUle Bam© c Baule c . /e 
* eguiva- unit ©qulva- A 

lents lent 
of soil of added 
nutrient nutrient 

»M* awipiwwi—i m*** 

Rainy 

1 . 8 s e r i e s 0.00X3?* 2S&.627 0»82k 0.00866 3k.75B 0.1$*»7 

2 . p series 0,02260 13*320 1.^38 0*00339 35.87$ 2.6937 

i:lS&§£ 

1. K aeries 0.00309 9?.*H0 1.9?0 0.0U99 25.10fc 0.2^7 

a. V serins 0*039**) 7.6U0 2,61S O.OO^Go 53*730 7*0380 

\#*F»tf*xtriixr '• wm> i " ' J f r » 

Shi data reported in Table 29 would jeveal that the 

efficiency factor ©̂  lor son and e for added nutrient to H 

and P series were found to bs higher in winter season com-

pared to rainy season exoept the value of e, uhich was com­

paratively smaller for »P» series in winter season* Further, 

i t would be observed that the efficiency of the fertiliser 
Co) 

fortn/vae better than the soil fore (t^) in 1: series and 
reverse was the ease in F eerier, for both rainy and winter 

seasons. Blddappa and Patnaik ( 1977 ) also obtained similar 
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results and Indicated that the efficiency factor for added 
B am P were as an index of responsiveness of the crop. 

The ratio cu/e was then calculated to ascertain 

vhlch fores of nutrient Is more efficient than the other. 

$\irther, i t would be observe a that the ratio of Cj/c for H 

series in both rainy and winter seasons «cr:: seen to be less 

than one, indicating a good response to the 2J fertilisation 

to to i l . In ease of P, the ratio of c^/e o weeded the value 

of one, which indicated lover response to 1" IbrtHizaticn in 

the so i l . Further, i t would be observed that the values of 

ratio of Oj/c found to be sore In winter sens on than that in 

rainy season, indicating higher efficiency of feot® native 

soil nutrient and added nutrient in rainy reason, similar 

observations were also reported by Dhanapalan £& &1. ( 1973 ) 

Biddappa and Fatnaik { 1977 )« 

c) Calculation of Baule units for soi l and f&rtlli»§r 

nutrients t 

The Baule unit, represents the unit of fertiliser or 

any growth factor be taken as that amount ze^uired to produce 

the yield, i . e . 50 per cent of the oaxii&aa possible. It Is 

calculated by using the following equation, 

log (&~X) a log A * 0»301 (x). 

Where, 0,301 is the Hitscherlleh constant and x 

represents the number of unite i . e . 1, 2, 3 etc . 
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Xln&d percentage according to B©ule unit of fertiliser for 

8 and P series la rainy and winter seasons «©ro calculated and are 

presented la fable 30. 

Table 30 t Held percentage according to unit of fertiliser. 

taut : liainy season t 
t Hitrogon 1 Fhospliorus t Hits 
Yield ; Increase 3 Xialdt Increase 1 Held: 

in yield i s yield 

Urtor season 
factor 

(X) 

: liainy season t 
t Hitrogon 1 Fhospliorus t Hits 
Yield ; Increase 3 Xialdt Increase 1 Held: 

in yield i s yield 

pogen 
XraBrease 
in yield 

: phosphorus 
: Yield: Increase 

in yield 

0 0 0 0 0 «*» 

1 30,07 37.07 35.68 35.6® 36.1k 26.1k 29*16 29*16 

2 55.62 18,55 53.52 17.8k 39. a 13.07 k3.75 lk.59 

3 6V.89 9.27 63.^3 8,92 **5*75 &.5k 51*03 7.28 

h 69.53 k.63 66.89 *f*0*TV' k9.01 3.26 ^.6© 3*65 

5 71*S5 2.31 69.13 2.23 50.$* 1.63 56.50 1.82 

6 ** ** «» - £UM> 0,81 «* -

7 - - «m 53L.Q7 O.kO <M» « 

It vould be observed froc Sable 30 that the per cent 

increase la the yield reduced vith an lucre ace la the per cent 

yield, 2be yield per cent for growth factor 5 was comparatively 

»©r© for N &&& p in rainy season than in %&**fcer season. I t 

appears that the rainy season la better for the production of 

grain than the winter season. the higher yield in rainy season 

mf bs attributed due to the existence of favourable climatic 
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conditions in rainy mmem as rightly pointed out by 

Schrtajpf ( 1966 ) , 

These results are lnconfirelation to those reported 

by Bray ( 195& ) . Hi opined that the efficiency of e^ and 

c factors is dependent 011 the degree of cocrpjtltion between 

roots of adjoining plants caused by differences in planting 

rate and pattern and habit of the plant root system in the 

so i l . 

d) 61 te specific leeoae&ndation of M and i • 

The sit© specific recosieiendatiGn of II ana r based on 

modified Mtacberllch-jaray equation, %v rainy and winter 

seasons, ncre calculated for obtaining the enqpoeted yield 

or possible yield of grain and are reported in Table 31. 

AS evidenced, by the data in fable 33Lf i t would be 

observed that , there is no need for adding the H and F fer­

t i l i s e r SOT 0 ( 0 per cant ) Battles In both the seasons* 

1 urthsr, i t baa been observed that for obtaining 1 C 50 per 

cent ) Ikuie, there is a need of adding 6*116 kg of K/ha 

but there is no need to add P in rainy season and ft and P 

in winter seasons. As the number of Battles increases, there 

was conesponding increase In both H and I re-ui^ment of 

md.m in both the seasons* For obtaining $ ( 96.87 per cent ) 

BauL« of the theoretical maximus #t©ldt i t 1& roauired to add 

if at the rate of l*+5.50 kg/ha vhich is a economic optlna , 
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ui&lft for acatovlag 3 (8?»5 per sunt) Bailies of t t e the o p ­

t ica l cajdisiB yield* tb® ©coaofflieal optiisuia vequimant of 

P to be a&md to tins soil was 57.116 !sg of pgCVha la relay 
coasosas* 

1-urtfaer, t t weald be vfcsualigsed that in idafte* season, 

tbeie ts no need to add H or r for aehtoviag X (50 per cent) 

Ba*&© ©f tin tbsot^tioal m&x&wm yield, Ifoyever, fbr »i#*er 

value of Saul® unit , t t e H and f ft rtHJ43©r r«c|ttirets©ats will 

be 4s itasreasiiig rate* The sate of 92«82 k£ of tJ/ba and 

7^*26 kg F2u«/ha WES eoasidsreil opttem $ar obtaialag 7 

( 98*^3 per o©at ) mm k < 93*7f per **nt ) Dat&es of th*o~ 

ret teal maxSowa yield sespetttivaly. A3ao*t oitallar obser­

vations mm also reported by Sidd&ppa sa l p&tzalk ( 1977 ) 

for riee ©top fa ralay mA wiater ©®aso» of Qafct&ek, 

»».«$• fe r t i l i se r fQmt&M&m for routla© so i l taatiag. 

Too s i te spseifle II and l> fer t i l i ser form&al&ooB 

< 1 obits 32 tmd 33 ) baaed oa #fficisacy of o^ for b end a 

for x for» WT® calot&ated for rainy ©ad wiafmr mmmm by 

us tog t te equations I . e . -

I t- lag (100. Y) » log lOOwO.OCa^ b * 0*00866 * 

P *- log (100~Y) • log 10O-0.0226 b - Q.0CB39 * 

Vj||^r,,ga,aa<p|tt 

» i- log (100-Y) a log 100-0.00309 b - 0.02199 * 
P I* log (100*Y) • log 1OO~0,03£*> b - 0.0056 * . 
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Table 32 : Fert i l iser teccetaeiHSatiott chart for rainy season. 

t e s t 
valuft 

Astoiast of ] 
yield 

ffcnttu t o be applied for tb@ expected 
t e s t 

valuft 
75 80 85 90 g ~ — • 

nitrogen 1 

100 2+.053 65.2k 79.665 100*00 13k.76 

150 **6.316 057.506 • n . 9 2 8 92.26 127.02 

200 33,57 *9.77 6k.l9 8k. 53 1 1 9 . 3 

2$0 - U-2,03 ^6»U6 76.79 111.55 

300 • 39.60 **S.72 69.053 103 #si 

350 - «• kO.98 61.32 96.07 

**00 «» •** 33*25 53.5B 88.3k 

500 «•> *» *w 38.106 72.86 

600 - - • *» 57.39 

Phoepborus 

10 M K 8 2 06,38 72 ,26 92.25 128.13 

20 17.89 2 9 M * * • . » 65.32 101.19 

30 - - 17.39 30.30 7k.26 

kO - w - ixM ^7.318 

50 •» - *» *m 20.38 

60 * «> «* M i • 

80 • •» * ** « • 
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Table 33 % I ort t i l l e r geaoBBftnd&tJoa cbr.rt for n i t ro^n 
(Winter season). 

t e s t 
value 

Amount of titter®. 
yifclsi " 

. t© 13© appliou for the expected 
t e s t 
value 

75 80 85 
4 

90 95 

liitrogen 

100 ^•M 32*53 h2*$k ^'.^3 0£.7** 
150 11.52 19*60 30.016 M*.?0 69*81 

200 6*76 17.17 ;;!.S5 56,96 

a5o mm m '*.25 16.93 ¥>.G36 

300 mm mm ** 6,09 31-19 

350 mp * » • B W " 18.31 

^00 • » mm «• •» *» 

500 mm mm • mm «• 

600 • #» • -

Pbosp hoisas^ 

76.77 l o s . i a 10 37.16 2*.*t6 

hoisas^ 

76.77 l o s . i a 161*96 

20 * » «M 6 > 1 37.86 91*61 

30 mm * » mm mm 21.25 

«*0 • mm mm „ 

50 . mm mm • 

60 • •m - mm 

70 «w mm mm - m* 

80 mm mm «*. 
• * * mm 



to 

An appraisal of f&fele 3a and 33 w&d 2?ev©&l that with 

the Increase In the soi l teat valuta, there wis a correspondinr 

decrease In 11 and F laqttlraBents of eaise. In other vortfcf 

higher the native soil mtrismt- for H and 1 tag i#a* will be 

contribution from t!« 1 and P i»vtlli«>fi;« Furtfeer, i t cannots 

that, with the increase in percental ejected or possible 

3&®ld, t t eP was a corresponding ineraas© in f&rtills^r regal-

raoeiit for the nmm soil test viOLus. 

By tlie wee of oodlfiad Hltsehsrlljc^Bray aquation and 

tkm afilel^iicy faotor of 0^ and e values t ebtalmd In tnSa 

lm«9tlgatio&f tte piactical fettUloii? seqiilxenent* for calze 

t i t t er in rainy or In winter mmwm w i be calculated on the 

DM is of soi l test valu© before fartilisition. 

In routine sotl testing instead of using arbitrary soil 

tost fating i.e» low, eodlias and &10i fertility ckaasea ( Muhr 

§J A** 196? )» if tue afflegacy ftatcNC* Jbr o^ and c are need, 

tJ» flovveet qppiftteal o f t i i s S and P fartftlJjftr re^uira«anta of 

stales can te cade. It Is also poseibio to predict precisely, 

tte p«roB«ta0& yisia to b© obtained from toe- crop. On the basis 

of investigations, It la *tigg»«t*4 timt once, the constants ©̂  

and c era astablisted, tte soil test result could conveniently 

be used to calculate tte ffc rt iliac r need ana |3©r®©fttage response 

obtainable to Blaine crop bating subsequent feu jeare* 



 
 
 
 
 
 
 
 

 



Chapte r V 

SUMMARY AND CONCISIONS 



GbftSftBY f 

for confiwtiijg tne validity of the Kitscberlieti-Bray 

concepts and thereby foreulating & sound fkj t l l i ss r racoBcenda-

tlon, four field experintents were conducted In 1978*79 on the 

awargaon eerier of verticals of MfOmtE® Pbt&6 Kris hi Vidynpeeth 

i&search lar» f Ranuri. In tilts isrefi ligation, two fisld expert-

tsents were takes t$> In rainy ana winter sc ions each witb the 

graded levels of B ana P separately with ©aige ( jyea aaya t . ) 

hybrid Conga Safva-Z as an indicator crop* 2be salient find­

ings of the investigation are as undaz -

i . Mora dry taatter production and core uptake of K are 

recorded by the application of 125 kg Vha in rainy season and 

1?5 leg 20m in winter season at knee M # and tasseliag stages 

of emiae. 

2. Hoie fife production and ©ore intake of P are recorded 

by the application of 60 kg i- .̂ Vha in rainy season and 80 kg 

of P2o,/!» in winter season at knee high and tasseling stages. 

3. Application of 125 kg of ^ b a in rainy and 175 kg 

li/ha in winter a e as on resulted In achieving economic optliBUBi 

yield of corn ( grain » 6V.56 and ^0«12 g/ba and atover # 78.73 

end 59.1** q/ba respectively ) end uptake of M. 
©f 

**» Application of 60 kg£l'2<Wha *» rainy and 80 kg of 
12*. c/iia In winter season restated in obtaining economic optimum 

yield ©f com (grein * 63.35 end U6.25 o/ba md stover * ?7*£+ 

end 55.0V e/ha respectively ) end uptr.kc of f. 
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% Ttm production ftmotlon equations for predicting 

tts» fertiliser response of grain as© calculate... 

Kainy eeason s 
jtt"i».i*w*iiwi'iBi%M^—^wwn MWW mw www 

*or B u l l 20.950 * 0.3982 x - 0,000653 X2 

For P t- X » ^3.70^ • 0,**3i6 X - 0,001990 X2 

Winter seaaon i 

For 8 i- T • 19*0*9 • 0,^60 X • 0.000»a3 X2 

For p «. x « aaa?2 • 0,2169 x • o.oooa?o x2. 

6, Ther® is a highly significant curvSllnearifcy in 

r©p<essi©n for H and F application, calculated by the second 

degree of polynomial and the coefficients of correlation 

between actual and calculated yield were of hi.ch order ( r « 

0.99 end coefficient of date aginations « 98 f> )» 

7, The theoretical tsaxScms yields of com are worked 

on! on the basis of actual yield. They is©re 7**-.17 o/ha, 5 2 , ^ 

a/ba for H seri«3 <200 kg of K/faa) and 71*36 <s/hs and 58,33 

«/na for P aaries (loo kg of *2cyha) lor rainy and *i**er 

a casern respectively. 

8, the efficiency factor for so i l (c^> and added 

nutrient (c) based on Kitecherlie-Bray ectuatlon are calculate cu 

Rainy season : 

a) U s« log (A f̂) » log A • 0.0013k b - 0.00966 X. 

b) P s- log <A-D « log A . 0.0226 b - 0,00839 X, 

fainter season *. 

a) 11 *- log (A.T) o log A - 0,00309 b - 0.01199 >• 
b) r j - log (iWT) • log A • 0,039k b - 0,0056 x. 
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9. Froa the ratio of o^/o i t is observed that in ta© 

I series, tfc© response of added for© of nutrient ass found to 

be now officiant than soil fora ami fice-vorea in F series. 

X-fee ratio of c^/c in rainy season was found to b© lese for 

both » om P than the win tor mmm indicating ©of© effici­

ency of soi l and fertiliser fore in rainy soason lor increas­

ing grain yiwld and intake of H and P by com. 

10. For specific r®coB5^ndations based on the efficiency 

factors, the rate of 1**5.15 kg of l̂ fea ana 57.116 kg of v^i^tm 

wan considered opticus for achieving 96,37 per cent and 87*50 

per cent of the theoretical m&s&mm yield respectively in 

rainy season, while in winter reason, the rate of 92.92 kg 

of H/ha and 20,53 kg of g J*m. ma ctsisidcrcd optJjswn for 

obtaining 93.3** per cent ami ®7*5& per cent of the theoreti­

cal uaxi3®iB ytelo\ 

11. 1 or obtaining economic optitsut; yield, the speci­

fic fertiliaer forcnaationfl for B and P tern a on soil test 

traluee, aru suggested for the use of rotx&ln® soi l testing 

laboratories. 

The present experimental findings arc in close aggee-

ascnt with the modified Hitscharlio-Bray equation, union 

confirae th© validity of the filiation. 
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