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CHAPTER 1 

INTR OD UC T ION 

Tho mounting growt h in population warrants more 

food pr oduction . Nat~rally efforts are being made to 

augment the food pr oduction . Tho main channe ls of 

achievement of the above objective are use of high 

yielding varieties , applicat ion of increased doses of 

fertilizers, tapping of the sources of irrigat i on etc . 

The use of high yie l ding va~ieti es accounts for the moat 

promis i ng channel for achieving the goal of self 

sufficiency in respect of food grains . Tho high yiel ding 

va rieties are found to absrob more amount of essent ial 

nutrient clements . So far , attention was pai d to the 

needs of t hose crops for major nutrient element s i . e . 

nitrogen , phosphate and potash. However , practi cally 

no cognizance was taken of the needs of the plants for 

micronutr ients , i . e . copper , boron , zinc, manganese , 

molybdenum, iron and chlorine . 

The work done i n India on this aspect of crop 

nutri t ion upto 1963 has been critical ly =evie1ed by Rehej a 

et al (1959 ) and kde (1963) . These revi ews indi cat e t hat 

in many soi ls of Indi a, micronutrients are becoming a 

l im1t "ng f actor in ra i si ng the crop production l evels. In 

some cases no respon c.e was observed t o nitrogen and phot phate 

appl ication unless t he mi cronutrient defi ci ~nci es · ro 

corrected . Some exper i ment s ~~re carried out by the Departmen1 

of Agriculture , Maharashtra State, on different types of soi1l 



with diff erent i mproved varieties of different cropa f or 

aasessing tho crop response t o t ho soil applica tion of 

micronutrienta. 

Copper is considered t o be active in the process of 

respirat ion. and in as soci t ion with protein serv s as 

catalyst in various oxidation proceasea in plants . Copper 

increase chlorophyll cont ent and act as a protectoctive agent 

against tho d struction of chl orophyll . 

ron i s belived to promote the nitrogen metaboll 

and nutrient uptake . noron deficiency disturb the meriatim ti 

growth of growing poi nt and affect the pollen formation . 

Soila of Maharastra specia l l y of our Vi dharbha Regio 

are rich in free ca lcium carbona t e . Applicati on of 

mi cronutrionts like Cu and a in such soil containing varying 

quanti ties of f ree Calcium carbonate may adversly aff ect 

their avai lability. Free calcium carbonat e decrease t he 

availability of copper by bringing about tho change i n aoil 

pH ( r vimandan. 1964). The uptake of boron by plants is also 

af f ected by free calcium carbonate because of adverse 

physiol l eal effect (Olaen and Barger , 1946). Consequently 

res on~e of different crops t o copper and boron dif fer under 

different l eve ls of f r ee calcium b carbonate. Tho present 

investigation waa underta l:en to find out t ho level of eaco3 
at which ther e is optimum uptake of copper and boron. The 

findings of the present investigation wi ll be useful in 

deciding the potential of parti cula r soil in nhaneing the 

food product ion. 



CfiAPTER 11. 
REVIEW Qf. UT ' TIJRE 

eson (1941, 1946, 1954), Sommer (1945) , 

Hoagl and (1945), Gilbert (1952), Y~lder and Gerretsen 

(1952), Thorne (1957) and Jocob (1958) have presented 

exhaustive r eview of literature i n respect of t he effect 

of different lcronutrients on growth, yield and quality 

of tho crops. 

A review of literature presented here pertains 

princ ipa l ly to the ef fect of copper and boron singl y and 

in combination with major nutri nts vh . N, P, K on the 

yield of vari ous crops with di fferent l evels of calcium 

carbonate . 

The availa ility of copper and boron in soi l 

depends upon a n•Jmber of f actora of which, soil pH, 

organic matter content, calcium carbonate content, clay 

content i n soil etc. ar important . Out o£ these 

fa c tor s the cont ent of calcium carbona t e can be 

considered t o be a major one i n Olack Cotton Soils so 

fa r as the avai labi lity of the above micronutr ient& are 

concerned because there i s less variabili ty in other 

factors i n these soils . 

IMf'ORTMJCE QE. ~ 

Copper is one of t he heavy metal ca tion f rom 

the stand point of soi l chemistry . It is hel d in soil 

principally on organ e or in~anic surfaces or 

substituted as accessary constituents i n common soi l 
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minerals. The essentiality of copper as essential 

plant nutrient was establi shed in the year 1931. It 

is considered to bo active in t he process of 

respiration. Copper in association with protein serves 

as a catalyst in various oxidation processes in the 

plant. Copper application results in a higher 

chlorophyll content and acts as a protective agent 

against t he destruction of chlorophyll. Copper is 

taken by the plant as copper cation ( Cu ++ ). Copper 

is also an activator of several enzymes. 

Total copper ranges from one to leas then 

100 ppm i n normal soils of world (Swaine 1955) . Dlack 

cotton soils of Gujaret and :aharaahtra have 

comparatively high contents of copper. Total copper 

in soils of Maharashtra ranges from 77 to 234 ppm. 

(Randivo ot al , 1964) and available copper contents in 

black soil range from 0.38 • 1.53 ppm (Kavimandan et al, 

1964). 

~llhra and Sharma (1961) 1t ated that the ount 

of available copper i s dependent upon the soil pH. The 

availabi lity of copper is increased as the soil acidity 

i• increased. The applied copper whi ch is not chelated 

by organic matter i s probabally precipitated as copper 



hydroxide (Ou (OH)2) ~~en the pH of the soil solution 

is greater than 4 .7 pH. Hodgson (1963) reported that 

the availabi lity of nat ural ly occurri ng f orm of copper 

waa af~ected to a l esser degree than that of the added 

copper by application of calcium carbonate. Kavlmandan, 

Badhe and Ballal (1969 ) observed a positive though 

stati sti ca lly non-significant relationship between pH 

and available copper content of Vidharbha soils. 

Rai and Mishra , showed no correlation of 

availabl e copper and pH and total copper content . As 

the fi nor particles or organi c carbon i ncreased , the 

availability of copper was also increased. on the 

other hand i t was f ound that as t he calcium carbonate 

increased, the availability of copper decreased . 

Aganvala, Sharma and Si nha (1964) and Nilkantan and 

Mehta (1961) observed a negative relati onship bet~~en 

pH and availability of copper in Gu jarat soils . 

Densch and Hunnius (1924) observed that copper 

increased the yie l d of grain bu t decreases the straw. 

Russell and lt~anns (1933 - 34) and Mann et al (1936) 

observed an i ncrea se in yield of 4 .5 to 20 . 0% over 

control by a dose of ~ l bs copper sul phate per acre. 

Joret Gand, (1939) obtained an increase in grain yi eld 

of wheat wi th application of copper ln addition t o the 



balance dose of N, P and K fert ilizera. Steenbjerg 

(1948) found that copper application onhanced t he 

yiel d of cereals upto 87% on sevoral soi l t ypes . 

Other t;rorl~ers who not ed t he possitive response i n 

yie ld of cereals to copper application includes 

Randhaun ( 1955) , Scharrer and Jung ( 19~) and Joshi 

(1954, 56), Gopalrao and ovindrajan, (1954), Jog1 and 

Ahuja (196!'>). 

Koradd1 and Seth (1964 ) reportod that 

app lication of copper (5 .08 Kg per hectare) + NPK 

increased the yield of wheat grain by 16.9% over t hat 

from N K treated control. Pareek and Jain (1966) 

observed i ncrease i n yield of maize grain over NPK by 

soil application of copper with a dose of 5.6, 11. 2 

and 22.5 Kg per hectare in Rajastan soils . Sadaphal 

and Das (1961) observed in fi eld experiment on sandy 

loam soils (pH 7 •. 9) of medi um fortili ty that soU 

applicati on of 5 l bs per acre of copper stimulate 

vegetative growth, hasten oar i ng and increased 

1000 grain weight. 

VPORTANCE OF BOROO 

The assent ality of oron for the grov~h of 

cr ops was established in t he year 1915. Total boron 

in Indian soi ls has boen found to vary from 7 to 

670 ppm. Satyanar ayan (1958) stud ied the soi ls of 
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Bombay region and has sh~vn that the bl ack cot ton 

soils contain 24.5 to 29 .6 ppm boron. Boron is held 

in t he soi l i n anionic form . It i s auccept1ble to 

l eaching. 

Eaton and Wilcox (1939 ) considered three 

possl le mechanis s for chemical combination of boron 

with soU. 

(1) anion exchange 

(2) ch leal precipi t ation 

(3) molecul ar adsorption. 

Philipson (1953) made simi l ar classification 

aubsti t uting complex formation with acid groups i n 

clays for molecul ar adsorption . Thi s explains t he 

effect of lime on boron fixation. Bobko ot al (1936) 

and Nafte l (1938) originally i nterpr eted the ef fect of 

lime on boron retention in soi ls due to stimulation of 

microbes i n soils , but ~ idgley and Dunklee (1939) 

found tha t microbial activity rms not necessary to 

account f or the effect of lime on boron. Olsen and 

Bergor (1946) demonstrated that calcium was not 

required to bring about fixa t ion . Tho action of sodium 

hydroxide was si l ar to lime . , Calcium has a specific 

physiol ogical effect i n reducing uptake of boron by 

plant . Parks (1944) and Hofner (1958) indicated that 

the presence of high pH and high clay content may 
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aerlously reduce tha movement of boron in soil 

profiles. 

Agulhon (1912) observed marked positive ef fect 

on the grov~h of crops due t o application of boron at 

the r ate of 3 Kg per hecta re parti cul erly on cerea l 

crops i n presence of lime. Trunlnger (1944 ) 

reviewing the original experi ment s wi th vegetable fodder 

and cereal crop and of the eff ect of l i me in conjunction 

with boric acid, observed that even ~ Kg of boric acid 

per hectare increaso t he boron content of all cropa 

aeveral t i mes and plants supplied with boron were able 

to make moro ef i ci ont and economi cal use of the other 

nutr i ents of the fortili zers. Reeve and Shive (1944) 

found that wi th high amount of calcium, plants ar e 

able to withstand l argo r amount of boron without 

toxi ci t y symptoms. ldgley and Dunklee found that 

borax benefited the crop pl ants suffering inj ury 

from excess lime. 

Bhattacharjee (1956) reported that t he 

availabi lity of boron was comparatively more bet\veen 

pH 6.8 t o e.o and i t decreased bel ow and above t h1a 

range. He again reported that none of t he worker• 

in India got stati sti call y significant relationaftip 

between calcium carbonate and water sol ubl e boron 



content of the soi l. Kanwar and Slngh (1961) 

observed that water soluble boron increases wi th an 

increa se i n soil pH. Brenchley and Waringt on studied 

the boron / calcium ration l n soils and pl ants and 

the i nt or relationship of variou s other ol ents 

with boron . It h a been observed that normal growth 

of plants occur only ~men a certain balance in the 

i ntake of calcium and boron oxists . Mathur, Modl and 

Talati (1964) obtained a significant poaltiv 

cor relation between avai l able boron and pH of 

i r rigat ed soU s . The range of pH was 7 .a to a.2. 

Mandal, All and ~kherjee ( 19~) got 100% 

increase i n ylel d of mal&e by the application of 

borax at t he rate of 22 .5 Kg r hectare . Joshi 

( 19~) alao got the same result by t he appl cation of 

boron in Jowar. K.anwar et al (19~ - 62) and 

Bhar:1bla et al (1963 • 65) obtained a signifi cant 

increase i n yiel d of r ice l n calcareous soils by 

app lication of boron i n one experi ment ou t of seven. 

Pareek and Jain (1966 ) got i ncrease i n yield of maize 

grai n over NPK control by soil application of boron 

(5.6, 11.2 and 22.5 Kg per hoctare) . 

Gandhi nd IAehta ( 1960) have analysed plant 

f or their boron cont ont . Jottar crop has ~ ppm boron 
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content . Crops which contain low boron have low 

boron for good growth and high content s of boron have 

high r equi rement. 

Raychaudharl (1953) reported a significant 

increa se i n yield of wheat with applicat ion of copper 

and boron separately in experiment at Poona (laharastra ) . 

Pandya, Yawal kar and Ranblr ingh ( 19~5 ) and Joshi 

(19~) stated that boron and boron + manganese 

incroased the yield of jowar by 35 • 40 % respect ively. 

Sadaphal and Das (1956) reported that with a number of 

micronutrient& viz. Cu, Mn, and Zn, wheat yi el ds were 

increased by these nut rients nhen applied in 

conjunction with NPK ferti l izers . The samo r esult ~48 

found out by Nieschlag and Teichmann (1956) i n yield 

of cereals . 

Raheja , Yawalkar and Ranbir Singh also 

found the same result but stated several soil 

factors which influence the availabi lity of 

mi cronutr i ents . 



CHI£TER m 
MAI§Rl · LS A!iQ. METHOOS 

An experiment was laid out in pot culture 

t o study the ef oct o different levels of free 

calcium carbonate on yield of hybrid jowar,CSH • 1 

and uptake of copper and boron during tho Kharif 

season of 1972•73 in the promises of Department of 

soil Seionce and Agr i cultural Ch mistry, Punj obrao 

Kri ahi Vidyapeoth, •ola. 

O~TAILS £f EX ERIMENT 

Qescg.pttoo 2f. J2U •· 

The soil usod f or tho experiment was brought 

from fie ld No. 94, Bhabu lgaon Block, Centra l Resarch 

Farm, P . K.V. Akola . It \OtiS slightly alk<~llne ln 

reaction (pH 7.7 ) with 1.392 % of organi c matter 

content . The free c11 lcium c rbonate was 1.363 ~ . It 

was medium in nitrogen and phosphate and high i n potash. 

Preparation 2.f. J21.! iD5l. description 2.f. 22ll I• 

Tho sot l wa s first driod in shade and then 

ground carefully to break the soil clodes . Earth n 

pots woro used for t ho experiment and had the 

following dimensions. 

(1 ) Top dia ter • 45 em 

(it) pth or height • 30 em 
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There were &l pots numbered accordlng to 

treatments . There were seventeen treatments and each 

treatment was replicated thrice . Tar was applied to 

the pot s to prevent loss of nutrient. orne broken 

piecea were placed on the hole at the bott om of the 

pot& to al l ow easy drainage . 10 Kg air dri ed soil 

was fil l ed in each pot . Ammonium sulphate, s i ngle 

super phosphate and muriate of potash were added t o 

the soil. Calcium carbonate (commercial ) was applied 

as per tho treatments . Copper and boron were app lied i n 

the form of copper sulphate ( euso4,5 H2Q) and borax 

( Na2 8.4 0., ; 10 Jii> ) respectively according to 

treatmonto . The soil in eaeh pot was t horoughll y 

mixed with the fertili zers added . 

~ .Q.DS! stbn operations I• 

All pots v...er e arranged randomly in t he fi e ld. 

Sowing was carried out by dibbling method on 6th July. 

water was gi ven i n a lternate day and whenever r equired. 

Weeding v1as done whenever necessary . Thining wa s done 

so as t o keep six plant s in each pot 20 days after 

sowing . 

1. Design of experiment 1 Completely Randomise 
block design. 

2. Number of treatment a 17 

3. Number of replication 1 3 

4. Total number of pots 1 51 
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TREA.D'.F,NT DE')CRIPTIOO 

1o Control + NPK 

2. CaC03 + NPK 

3. 2%CaC03 + NPK 

4. 3% CaC03 + NPK 

!). 4% CaC03 + NPK 

6. !)%CaC03 + NPK 

7. Control + NPK + Cu + 8 

s. CaC03 + NPK + Cu + a 
9. 2%CaC03 + NPK + Cu + B 

10. 3% CaC03 + NPK + Cu + B 

llo 4% CaC03 + NPK + Cu + B 

12. 5% CaC03 + NPK + Cu + 8 

13. l%CaC03 + NPK + Cu + 8 

14. 2% CaC03 + NPK + Cu + B 

15. 3%CaC03 + NPK + Cu + B 

16. 4% CaC03 + NPK + Cu + 8 

17. 5% CaC03 + NPK + Cu + B 

Qua. .llf. fartUlztra 

1. Ammonium sulphate • 30 Kg N per acre 

2 . Slngl o auper phosphate • 20 Kg P205 per acre 

3. Muriate of potash • 14 Kg K20 per acre 

4. Coppor sulphate 

(1) for 0 to 6 t rootmenta 

(11) for 7 to 12 trea~~ents 

(111) f or 13 to 17 treatments 

5. Boraxt• At per copper sul phate 

• Nll 

• 4 to 9 Kg per acre 

• 4 Kg per ere each 
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1 
L) 

____________________________________________________ _.._ 

Treatment Calcium . onium Sln9le ~. :uri t e Co~per or ax 
Nos . carbon sul phate super of su pha 

at e phoe potuh t e 
phate 

--------------------------------------------------------
1. ~11 1.~ l o25 0 . 233 

2. 100 1.~ 1o25 0 . 233 

3 . 200 1.5 1 .~ 0. 233 

4 . 300 1 .~ 1. 25 0 . 233 

5 . 400 1. 5 l .~ 0. 233 

6. 000 1o5 1. 25 0 . 233 

7 . 1 1 .~ 1. 25 0 . 233 0 .04 0.04 

100 1 .~ 1. 25 0. 233 o .~ 0.01) 

9 . 200 1o5 1o25 0 . 233 0 . 06 o. 
10. 300 1 .~ l o25 0 . 233 0.07 0. 07 

ll o 400 1. 5 1o25 0 . 233 o.oe o. 
12. 500 l o5 l o25 0 . 233 0.09 0 .09 

13 . 100 1·5 1o25 0 . 233 0 .04 o. 
14 . 200 l o5 1o25 0 . 233 0. 04 0. 04 

15 . 300 1o5 1o25 0 . 233 o,.04 0 .04 

116 . 400 1.5 1o2& 0 . 233 0 .04 o. 
17. 500 1o5 1. 25 0 . 233 0.04 o. 

--------------------------------------------------------
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A. Mechanical Cocposition 
of soil 

ercent on oven 
dry bash 

---------------------------------------------------------
(1) Moist ure 

(11) Coarse sand 

(111) Fino sand 

(tv) Silt 

(v ) Clay 

(vi) Tota l soluble salt 
(.!w ratio 1&2.5) 

(vii) Free calcium carbonate 

a. Fert l ity consti t u nts 

5.92 

6.212 

18.516 

26 .117 

43.301 

0 .49 

1.363 

Percent on oven 
dry b ala 

--------------------------------------------------------· 
(1) Total nitrogen 

(11) Avai l a le phosphorous 

(111) Avai l ahle potassi um 

(iv) Organic carbon 

(v) Organic matter 

c. Exchangeable onsti t uent s 

0 .068 

0 .0018 

0.023 

0 .79 

1.3919 

Mill iequivalent/100 
gm of soU 

----------~----------------------------------------------
(i) Tota l c.E.c. 41 .65 

(11) Exchengoa le sodium 0.78 

(111) Exchang able potassium o .o1 

(iv) Exchangeable calcium 31. 05 

(v ) Exchang able magnesium 7.87 

---------------------------·-----------------------------
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---------------------------------------------------------D. Other prop rt ies 
w ••••••~•-••-••--••••••-••••••••••••••••••••••••••••••••• 

(1) Electrical conductivity 0 . 35 rn . mhos/em 
(a/w ratio J. r 2 .~) 

(U) SoU pH 7 .7 
(s/w ratio 112.5) 

(Ui) 1\Voilablo coppor ) . 525 ppm 

(iv) iVater Goluble bor on 0 . 647 ppm 

Preparation 2f. iQJ..l. &amp lesa-

Bofore conduct ing on xperiment original soil 

was dried, ground and placod in a cloth bag for 

analysis . :.fter harvesting stage again soU s mples 

were taken fr~ al l pots with th help of sere~ 

auger, dried in shade, ground and stored in a cloth 

bag . 

De termi n .. tion 2f.. physicAl p opartietl -

l. Mohturat• Moisture percentage was determin 

by he ting method to constant weight aa described 

by Wri uht , 1934. 

2. Mqchan;cal CQalysia;• The me thod used woe 

standard internat onal pipotte method . (Pip r , 1966) 

3 . Physica l characteristi cs 2L~ It was 

de t er::.ined by using keon and llac&kO'ivski boxes 

(Daotane, 1972) . 
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4 . ~ solublg Jil1 I• Detorminod by using 1:2.~ 

ra tio of ooU and water by grav metric method . 

(Pi per, 1966 ) 

5 . Electri cal conductivity 1 - Dot ermined in soil- "atezo 

extract of 11 2. 5 ratio by Eli co-soil br idge. 

~ 5lf.. Che,:!..£i;.J. ctopertios I• 

1. l21il nitrogen I • Kjeldahl (modified) method was 

f ollowed s descr d by Ja on ( 1967 ) using sodium 

thiosulphato and sa l icyl i c acid to include nitrote 

nitrogen. 

2 . AvaUabli phosphate I• t was estimated by following 

Ols · n' s rneth d as described by Jackson, 1967. 

3 . vailable ~ I • It t~as determined by flame 

phot ometer by neutral a oniu acetate xtract . 

(Jac son, 1967) 

4. Organi~ ~ I• Net digestion method of lalkley 

and Slack (1934) as modified by alkl oy 1935). 

(Pi per , 1966) 

5 . Oraani c ~ :- Organi c c =hon x 1.724 . 

6 . Qtl 21 ~ :- otormined in soil- water su s~ ention 
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of 1:2. 5 rat o y glass electrode pH motor as described 

by Jackson, (1967) . 

7 . !21i.l ~ a- Det ermined y carbamate method. 

Butterworths scientific pu lication 19!>9 (Jaci:son , l967 ) 

a. ~ solubl e ~ •- Determined by color metric 

method using carmine. 

(u .s.o.A. Hand book No . 60 , J ackson , 1967) 

9 . ~ Excban9~ cgpaclty a- Determined by using 

neutral 1 N amreoni u acetat e ext ractan t me t hod e 

described in Piper, 1966) . 

(i) Exchangeable sodiu and pot assium :­

Determ'ned by Pi per, 1966 using Flame-photomet er. 

(ii ) Exchangeable calcium and ~agnesium :-

Determined as descr! in !por, 1966. 

B. r LANT @ ALYSI 1-

Collection 2L~t samples a- lant samples f rom each 

pot were col l ected for dry mattor studies at 60 days 

and 110 days intervals , af t er so ing the s mples were 

first dried in alr and t hen ln oven at 70° - BOOC . 

Samples re weighed f or dry matter yie lds . They we 

then ground ln an eloctri ca ' l y operated gr inder. 

Samples v r :· then stored in a brown paper b ga for 

determination of copper, boron , nitrogen, phosphate 

nd pota ssium. 
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Grains wa re separa ted f r om husk by wooden 

thresher . All portions of plant except gr ains were 

considered as a s t raw. 

for ana lysis . 

th gra i n and straw were used 

Pr epara t ion of 2lln1 ext ract I• 

! an t sarr:ples were pre-digested wl th ni r ic acid and 

then completely di :Jes t cd w th tri - cid mixture. 

(1014:1 ratio of ni tric, perchloric and sul phuri c acid 

r especti v ly) (Jac'· son, 1967) . 

Tri-acid ex t r act of plant sampl es wer e uaod 

for analysing copper, boron, phosphorous and potassium . 

1. Determination 2f. ~;: 1n l2.liD.1 1 • Copper wae 

determined by car bamade method. (Butterworths scientific: 

Publication 1959 , Jackson, 1967) 

2 . 0 termination ~ WU: solubl e ~ I• Boron was 

determ i. ned by colorimet r i c determination using carmine 

me t hod . 

3 . Dotemination 2f. Phosphate 1- I t was estimated by 

Vanado- molybdophosphori e ye l l ow col our met hod i n ni tri c: 

ac: id syst em . (Jackson, 1967) 

4. Det erm ~ation 2f. ~ I• Potassiu was estimat ed by 
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using Flame photometer as described by J ackson, 1968 

(Piper, 1966). 

5 . Dete;m!oation 2i nitrogen •· Ni t rogen was estimated by 

Kjeldahl ' e method as described by i per, 1966. 



CHAPTER !Y. 
EXP RI !i!NTAL FI NDWGS • 

~!N. D ~YIELD Qf. HYBRID ~· 

Tho average gr ain and fodder yields obtai ned 

per pot in di f f er ent t r ea tments are gi ven i n Table 2 

and have been graphi cally shown in Fig . 2 . 

Effect S!.f. !.ng:~ ~ 2f. calcium carbonate sm 
tlliQ. 2f. 1 0\var 1 -

In genera l , 9rain and fodder yi l ds were in 

the declining o er wlth the increasing levt> ls of calcium 

carbonat e . At initial i . e . 1. 363 of calcium carbonate, 

gra i n as \ell as f odder yie ld s ~;ere high~ s t . However, 

no s! gni ! cant dif f erences we re observed amongst 1. 363, 

2 . 363 and 3 . 363 ;·; leve l s of c l cium carbonate . At 

4 . 363, 5. 3 3 and 6 . 363 % of calci um carbonate levola, 

gra i n yie lds were signif icantly lower than at 3. 363 % 

level , where as fodder yie lds obta ' ned at 4 . 363 %, 

~ . 363 % and 6. 363 % calcium carbonate levels were 

significant l y l~ver t han i nitia l l evel of ca l cium 

carbonate . 

~ 2( ~asin ~ 2f mi cronutrient& ~. co; per 

.i.rul ~ 211. ns.1s! 2i ~ :-

Highest grai n yield was obtained at i ni t1al i.e . 
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TABU! 2 

GRAIN .tl:ill. ~ YI ElD 1!i ~ f.€!1 f.QI 

RAIN YIElD 

- - - - - - - - - - --- - - ------Levels of Levels of copper and boron 
-

CaC03 ----- ---- --- - ---- ----0 Control 1th varyin~ I'll th cons t ant 
dose of Cu B dose of Cu & B - -- - - - - -

0 10 13. 0 13 .0 

1 10 9 .5 9 . 5 

2 8 .6 11.3 10. 1 

3 6. !> 10 .1 u .s 
4 4.0 a.a 9 .0 

5 3.1 7 . 6 7 . 5 - - - -- ----.. -' F' Tes t a-Si gni fi cant s.s. 0 . 673 c . o . at 5% 2.002 ------ - ------- - - --------- -

- - - - - - ----
Levels of Level s of copper and boron 
- CaC03 - ---Control Wi th varying ~th constant 

doso of Cu & B dose of Cu & B ---- ----
0 19 . 00 2!:> .66 

1 17.33 19 .00 19 . 33 

2 16.66 20 . 66 22 .00 

3 14.66 20.00 24 . 66 

4 s.oo 18 .00 18 .33 

5 6.66 16 . 66 1!:> . 33 -------- -' F ' Test:•Si gnifi cant S.E. lol c .o . at 5% 3 . 2725 ------- -- --
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1 . 363 % level of calcium carbonat e wi t h no significant 

difference betv1een 3. 363 % and 4 . 363 % l evels . The 

gra i n yields at 3. 363 %, 4 . 363 % and 2. 363 % levels of 

calciu carbonate signif icant ly i ncreased ov r those at 

5 . 363 % and 6 . 663 % cal cium carbonat ~ level s . Dose of 

6 Kg . per acre ooch of copper and boron at ' . 363, level 

of calcium carbonate v aa sur,er or over 7, 5, 8 and 9 Kg. 

per acre doses of each co;par and boron . However , the 

yie l d obtainod f ro t is dose was lower than 4 Kg dose of 

each copper and boron at 1 . 363 % 1 vol of cal cium carbonate. 

Dose of 4 t~ per 0cre of each copper and boron 

at 1 . 363 % lcV<' l of calcium ca onat gave si Jnlficantly 

higher fodder yield over ot h r dose s of cop1er and boron. 

No s gnifi cant dif :orences were observed amongst 6, 7 , 5, 

8 and 9 Kg per acre dos s of co!cper and boron . In general , 

grain as well as f odder yields obt ained wera in the 

declini ng or der ~11 t ncroas1ng doses of co~ er and boron . 

~ 9.f. constant ~ (4 Kg per acre) .2f. mlcronutrhnta 

.Q.!l ~ Qj_ .llWA;:_ I • 

A cons t ant dose of 4 •~·:.1 per acre of each copper 

and boron at 4 . 363 level of ca lcium carbona te has given 

more gr. in and fodder yields The yie ld was highest and 

s gniftcantly superior to oth r levels of ca l cium carbonat 

except those of 3. 363 % and 1.363 ~ l evel of ca l clu 

carbonat., . 
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CONTENT QE. ~ .!ill. ijO, ON .!!.:. f.:...!!l AT oO __Eli AND .Ll.Q. 

~ ....8QJl!i QE tOOlli!Q .l.!Lll· 

The pl ant samp les from differ ent trea tments 

wer~ ana l ysed at 60 days and .UO days growth for co,,per, 

bor on , nitrogen, phos,~hate and pota sh. The result wore 

given i n tables 3 and 4 . 

ontents of copper decreasted wi t h increasing 

levels of calcium carbonate a lone . H~vever, amount of 

bc·ron i ncr a sed wi th t he i ncreasing doses of copper and 

bor on in combina tion with lev •ls of ca l cium carbonate, 

concentration of co~per was decr eased where as amount of 

boron increased . At a constant dose of 4 Kg per acre 

each of co.ver and boron, the con t ents of copper 

decreased wi t h increasing levl' ls of cal cium carbonate 

and tha t of boron i ncreased . 

Contents of CO!-per and bor on in straw decreased 

at harvesting stage as compar ed t o 60 days growth , but 

a sf.mUar t rend of b•'havi our wos observed i n ease of 

concentration of copper and boron. 

t mount of co0Jper and boron was more in grain as 

coll'pared t o fodder. '11 th iner ·•asing l evels of ca l cium 

car bonate alone, contents of copr er in grain decreased 

whi le that of boron increased . A dose of 4 Kg p r ac=e 

ea ch of copper and boron at 2 . 363 % level of calcium 



TABLE l 

CONCEN ATI (!:IS .QE. 0 tE~ .8liQ jQ I 1!i ~ T ~ Q8X.§. 
GROWTI Q.. Jrl.!.!B!Q. JO'NAB CSH-1 

CCX'JCENTRATIOO .QE £........2 1!i f!:tA 

- . - --- - -- - - --- - - - -----. -------Levels of 
Caco3 

0 

1 

2 

3 

4 

~ 

Levels of copp r and boron ---- - --- - - --- ---------Control Varying l evels Constant dose 
of Cu & B of Cu&B - --- ------- - -- ------

79 .56 89 .16 

77.50 82 .50 83 .73 

76.23 79 . 56 80 .83 

7l.66 75 .40 78.33 

67 .50 70 .00 74.96 

54 .16 65 .40 72.50 

' F' Tost:-Significant Sefi o !o1 C,D. at 5% 3 . Z1 

- -- ---------- -------- - -- ------Levels of 
CaC03 

0 

1 

2 

3 

4 

Levels of copper and boron 

Control 

-- ---
44 .16 

45. 41 

46.66 

47 . 08 

47 . 91 

49 .16 

--------------. --Varying levels 
of Cu & B --------

!.'>3 . 33 

56 . 25 

~8 .16 

60 .75 

6:?. . 08 

65 . 00 

Constant do .. 
of Cu e. B 

48.33 

50 .83 

52.08 

' F' Test t•Si gnificant S,e. 0 . 52 , D.at 5% 1.54 - ------------- ---- - ------ -
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carbonate is f ound t o be superior in i ncreasing the 

con t ents of copper in grain. However, the amount of 

boron increased wi t h i ncreasi ng doses of copper and boron 

and at constant levels of cop1;e r and bor on , contents of 

bor on in grain deer asod wi th i ncreasing levels of 

ca l cium carbona t e . 

C 1 TENTS OF NITROUEN, 

tll {Q QAX1i ~ JJQ. ~ GRO.VTI1 Qt. !:f!!.l!!!Q. J(.) •. AA . 

Tho data on content s of ni t rogen at 60 and 110 

days staqe iG gi ven n table 4 and 7 r espective l y. From 

tho da ta given, it i s observed that t he concentration of 

nitrogen at 60 days gr owth was found t o be decreased with 

i ncreasin~ leve ls of calcium carbonate . Wi t h increasing 

doses of cop1 er and boron , n conbinat1on with increasing 

levels of ca l cium carbonate , anount of nitrogen also 

decreased. Similar t r end in behavi our was also found i n 

case of constant dose of copper and bor on. However, it ls 

~markable to note that tho amount of nitrogen was more 

i n plants receivi ng roicronut rients than in t he plants not 

receiving micronutr ient &. Contents of nitrogen in fodder 

as well as i n grai n at 110 days gr owth was comparative ly 

lesser t han at 60 days growth. and similar t rend in 

behaviour of cont ents of nitrogen was observed. 



Levels of 
CaC03 

NirrlwEN 

Levels o copper and oron 

------------------------------------------------Control Varyin J levels 
of Cu 8. B 

Constant dose 
of Cu & B 

-----------------------------------------------------------
0 1.97 2.01 
1 1.88 1.78 1. 8 
2 1.72 1.49 1.67 
3 1.56 1.46 1.57 
4 1.36 1.24 1.37 
!) 1.11 1.02 1.06 

--------------------------------------------------------·--'F' Tost:-S1gnificant s . E. o .039 c.D.at" o. u60 

-----------------------------------------------------------
PHOSPHOROOS PER ENTA§E 

0 0 .94 1o01 
1 o . a8 0 . 87 lo01 
2 0 . 76 0. 89 0 . 89 
3 0 .65 0 .94 0.76 
4 0 .54 0 .93 0 . 59 
t'> 0 .46 0 . 97 o .~ 

-----------------------------------------------------------' F' Tost:•Si gnificant S. E. 0 . 032 c.o.at ~ 0 , 0925 

-----------------------------------------------------------
POTASSI UM P"RC: lTAGe 

-----------------------------------------------------------
0 1.90 1.90 
1 2 . 30 2. 30 2 .40 
2 2. 76 2 . 93 2.60 
3 2.93 3. 20 2. 93 
4 3 .30 3 . 60 3.20 
5 3 .60 3.90 3 . 23 

--------------------~------------------- ---------~---------t p t Test a-~igni fi cant s.a. 0 . 114 C.U. at 5% 0 . 3391 ------------ --------------------------------------------
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Contents 2f. phosnha!2, At, 22, WI, .ao.Q...ll harvest AW.!U.,• 

Content s of phosphate at 60 days rowth peri od 

dec eased w th increasi ng l evels of elacium carbonate 

a l on , but with incroaso in tho doses of cor-per and boron, 

content of phosphate remai ned more or less e nat ant . But, 

at constant dose of copper and boron, phosphat cont ents 

deer ased with ncr ease i n cal cium carbona te levels . 

How v r , amount of f. hosphate in pl ant and grain is 

i ncr ased when ea ci m carbonate is applied in combination 

with copr- r and boron t han only i nc reasing love ls of calciu 

carbonate alone . 

Amount of phosphate in fodder decreased with 

i ncreasing 1 vols of calcium carbonate alone and when 

combined with a constant dose of copper and boron. However, 

1 t incrNlSod wl th increasing doses of cop"e and boron when 

com i n d with ca l cium car '>onato. Contents of phosj)hate 

1 ncreased up t o 4.363 ~~ level of ca l cium carbonate and 

latt~r on it decreased . 

"'inilar trend in b<"haviour i n spect of contents 

of phospha t e i n gr ain \188 observed as that of straw at 

60 days growth . 

Contents 2f. E.2.tUh £1. 60 days .ru:J.s!. at barvos t J.t&.9.!. a-

Reverse was t h\' ease i n potash content. Here wlth 

t ncreaso in the levels of calcium carbona t e alone and 
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cor.1bined with cons tant and i ncreasing doses of copper 

and boron , tho amount of potash also i ncr eased , However, 

its amount \Or o higher wi t h l eve l s of ca l cium car bonate 

co!l'blned wl t h copper and boron than t hose ~vi t h levels of 

ca l cium carbonat e a l one , 

Simi l ar t rend in rospect of i t s contents in 

gr a i n and str aw wa s not i ced . Amount of pota sh i n plant 

decreased at mat uri ty . 

I.Q!....b ~ ill:, £Qttllii Jli tU LUG 

J Q, AR ( Q.!3.8ll! + ~ ) • 

The r esult of c ; , er con. ent in gr ain and f odder 

i n ppm as ~se ll as total up take of cop~ er i n milligr ams p~r 

pot in gr ain and fodder are given i n table ~ and have b en 

graphi ca l ly repr osented i n f i g . 3 , 

Tota l upt 1ke of copper deer ased wi th increasing 

levels of calcium car bonate al one . Si mi la r trend waa 

observed with varying do sos of copper and bor on when 

combin~d \vlth lev ' l s of calcium carbonat e . Maxi~um total 

uptake of copr;e -:- wan reco ed w th a cons t ant done of copper 

and boron at i ni t a l i.e , 1.363 1., of calci um carbonat e add 

furt her r educed wi t h i ncrna sing lev ~ ls of ca l cium carbonate 

and remained mor e or l ese constant wi t h 2 . 363 % to 4 . 363 % 

l evels of calcium car bonat e . Uptake of copper was observed 

t o incr ase with levels of ca l cium carbonate combined with 
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I OTA!= ~ ...£. ~ !!! MILLIGR 
H\' ;1RID~~ 

I9..:D!!; ~ ID: ..:.&.ill 

---·-------------··-------·-------------------------------Levels 
of 
CaC03 

LGvcls of copper and boron 

- --~- ~--- ----------------------------------------Contral Vary ns l eve ls 
of u D 

Cons tant do e 
of Cu C B 

.... ----------... ·----~~--------------------··---------Copper Total Copper Total 
cont <'nt up t ake eor. ' ant uptake 
i n ppm i n ppm 

pper Tot l 
cont ent uptake 
in ppm ---------- --------··--------------------------------------

0 
1 
2 
3 
4 
~ 

40 .0 
40.9 
38 . 3 
32 . 5 
25 .8 
22.9 

0 .400 
0 .408 
0 . 330 
0 . 211 
0 .102 
0 . 072 

4<; .1 
45 .8 
43.7 
40 . 0 
3~ .8 
30 .0 

0.639 
0 .43~ 
0 .495 
0 .406 
0 . 317 
0 . 230 

~o .o 
46.6 
43 . 3 
37.~ 
32 .9 

0 .47~ 
0 .475 
0 . !100 
0 . 327 
0 .24~ 

----------------------------------------------·----------' F' Testa-S1gn1 f1cent S. E. 1.2 C .D.at~ Oo2856 
Si t)n~. fi r. ant ~ 3 . 808 

------------------~-------------------------------------

0 35 .00 0 . 665 41.6 1. 070 
1 33. 33 0 .576 37 . 50 0 .710 37.50 0 .726 
2 30. 00 0 . 501 34 . 16 0 .714 32.~ o.no 
3 26 . 66 0 . 299 26 . 23 0 . 589 29 .56 0 .725 
4 22. !>0 0 . 216 25 .00 o.44s 24 . 56 0 .447 
5 17 . 50 0 . 120 21.23 0 . 352 24 .13 0 . 377 ------·-······ ... _____________ ---------------------------·--

' F' Tests-Si gnlfi eant 

0 1 .065 
1 0 . 9 4 
2 0 .631 
3 0 .5tt 
4 0 . 318 
5 0 .174 

1 .709 
1 .145 
1. 209 
0 . 995 
0 .765 
0 . 592 

c . o. at 5% 0 . 1844 
1. 3625 - -

1 . 201 
1. 165 
1o225 
0 .784 
0 . 622 
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app 1 i cation of CO) or and bor on. Upt ake of cop er was 

f ound to bo ~ oro in f odder than n grain , although its 

con ents 1vas more i n gra i n. Uptake of cop1--er i n gr ain a~d 

fodder decr ·· ased "' th incr easing l eve ls of ca l ci u 

car bonate a l ono and cor.~bined wi t h a cons t ant and ncroasing 

doses of copper and boron . At 4 .363 lb level of ca l cium 

carbonate , a co s tan t dose of copper and boron1 s observed 

superior to a dose of 7 Kg per acre each of cop1er and 

bor on. Ho vever, a cons tant dose of copper and boron at 

2 . 363 % and 3 . 363 % l eve l di d not d f er much with 5 and 6 

Kg doses o each copr- er and boron . 

!.QL1h ill..I!%£ .Qf.. ~ lli ....-..:=.::;....:..::.-.. P.!ill f.QI .!l!: !L!YQ 

GRfllN + STR o'l ) • 

The resul ts ~ f boron contents in gr in and f odder 

i n ppm as wel l as t ota l upt ake of boron in r i l l igrams er 

pot i n gr ain and s t rm1 are ')iv n in table 6 and gra hically 

ahovm i n f' g . 4 . 

Total u take of boron r ~ained ~ore or l ess 

cor. stant at 1.363 ' , 2 . 363 ~ and 3 . 363 r. l evc lc of ca lciur.~ 

carbonate alone and decreased with fur : her i ncreasing 

l evels of calcium carbonate . I'll ~h i ncroasin.;J doses of coppor 

and boron at i ncr C!asinQ levels of ca l ci um ca r onate , total 

uptake of bor on decr eased wher as a constan t dose i . e . 

4 Kg por ac r each of cop,.,e ' a nJ boron a t 4 . 363 % l cvol of 

ca l c!um carbonate r ecorded its maximum uptake whi ch was 



L~vels 
of 
CaC0:3 

0 
1 
2 
3 
4 
5 

Level of co ;~er an · boron 

--------------- ------------------------- -- ---·---~ cntral 1 drying leve ls 
of Cu B 

Constant dos1 
oi Cu 8. B 

------~----·-------------------------------------~ '1or.on Total 
cont~nt upt ko 
in ppm 

34.58 0 .345 
36 . 83 0.368 
37 ~9l 0 . 328 
39 . 00 0 .253 
40 .25 0.160 
40. 83 Ool 7 

ron Tot 1 
co. t ant uptake 
ln ppm 

:36 .03 0 .478 
39 .00 0 . 370 
40 . 3 0 .462 
43 .75 0.444 
4~.41 0 .401 
46 .75 0 . 358 

. oron Tot l 
eon~ont uptake 
i n ppm 

46.75 0 .443 
4 . !lO 0 .460 
~0 . 83 0 .~5 
~1 .66 0 .464 
51 .75 0 . :387 

-----------------------------~--------- -------- ----------' F ' Tcot :- :>ignifieant S. E.0 .955 C. O. at5l& 0 .0 Z1 
~igni ficont C. C29 

-----------------------------------------------------·---

0 31. 33 0 . 604 36 .6 " 0 . 940 33 .32 
l 33. 58 0 . 581 38 . 33 0 . 72 33 . 33 0 . 645 
2 36 .~ 0 . 603 39 . 41 0 . 814 36 .33 0 .799 
3 37 . 0G 0 .419 41.16 0 . 823 37 .91 0 .93~ 
4 38 . 33 0 . 306 43.00 0 . 774 39 .~ 0 .725 
5 39 .16 0 . 260 44.16 0 . 735 42. 08 0 .643 

---------·------------------·----------------------------' F' Testa-Nons ignificant c.o.at 5% 

--------------------------------------------------------· 

--·--------------------------------------------------------
0 0 . 9'49 1.418 
1 0.050 1.098 1.0 
2 0 . 931 J.. 276 J. . 2!:YJ 
3 0 . 672 1. 267 J. o520 
4 0 .466 1 • .175 l o101J 
5 0 . 389 1.093 1.030 
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slightly more than that at 1 . 363 level of ca lcium 

carbonat e. A constant dose of copr er and boron each of 

4 Kg per aero a t different levols of ca~cium carbonate 

di d not differ much in r espect of total u;J t ake of boron. 

Uptake of b~ron in fodder was observed to be 

co ara v0ly · oro t han · n grain . U~take of boron in 

grain and fodder decreased wi th increasing levels of 

calci um carbonate alone. Uptak of bo on ;n both grain 

and fodder i ncr cas-:ld 1. th increasing leve ls of calcium 

carbonate cor.·b ned 1i th application of cop,. r and boron. 

Wi th a co~stant dose of copper and boron, 4 Kg per acre of 

ea ch at 4 . 363 % leve l of ca l cium carbonat , uptak of boron 

in grain v1a s s i <Jni fican t l y higher over ot her lev ls of 

calcium coronat e . Uptake of boron i n fodder wa s also 

recorded maxi mum at this level of calcium carbonate . 

~ ~ ~ m TH .' EN _l ~ LJ1 _QI .£r! .!:!.XIl1ill2. JUo1AR 

( .lLlli + ~ 

Tho da ta on content s and u~take of ni t rovon in 

gr ain and fodder are gi v n i n table 7 and have beon 

graphi ca lly shovm in fig . 5 . 

I ~ was observed that !though the dose of ni trogen 

was t he sane in all t r eatments , yet the fJOrcen nitrogen 

e i ther i n grain or i n fodder and the total uptake of 

n1 tro·Jen per pot wer quite di fcrent . 

Total uptake of nitrogen was observed in the 



Levels 
of 
CaCO:J 

0 
l 
2 
3 
4 
5 

Levels of copper and boron 

Control 

Percent N Total 
content uptake 

1.22 0.122 
1.03 0.103 
0 . 92 0 .077 
0 .84 o. m>7 
0 . 78 o . 032 
0 .70 0 . 017 

Varying 1 vela Constant dose 
of Cu B of Cu & B 

Percent N Tota l crcent Total 
content up take N uptak1 

content 

1.23 0 .161 
loll 0.105 1.10 0 .10!; 
1.01 0 .11!1 1 .01 0.103 
0 .91 0 .090 0 .87 0 .100 
0 . 84 0 . 074 0 .79 0 .071 
o.n o .o~a 0 .73 o .~~ 

---------------------------------------------------------' F' Tests - Stgni flcant S. E. 0 . 055 C.D.at 5 . 0 . 2469 
Signifi cant _0 . 083 0 .1636 ~--

·-----------------------·--·------------------·----------

0 0 . 91 0 .172 0 •94 0 . 242 
l 0 . 84 0 .145 0 .87 O.l6o 0.84 0 .162 
2 0 .77 0.127 0 . 75 0.157 0 .73 0 . 162 
3 0 .70 0 . 078 0 . 68 0 .135 0 .64 0.1~ 
4 0 . 63 o . o~o 0. 57 0.103 0 . 56 0 .102 
~ 0 .49 0 .032 0 .46 0 .078 0 .51 0.078 

---------------------------------------------------------' F' Teut t-"19n!. ficar•t S. E. 0 . 0258 
51gn1f1 cant 

c . o.at ~% 0 .04165 
0 .014 0 . 07675--

---------------------------------------------------------

------------------------------------------------------·--
0 0 . 294 .403 
l 0. 248 0 . 271 0 . 267 
2 . 204 0 .272 0 . 265 
3 0 . 135 0 . 225 0 . 258 
4 0 . 082 0 .177 0 .173 
~ 0 . 049 0 .136 0 .133 
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declining order wi t h t he increacing levels of calcium 

carbonate a lone and combi ned wi t h i ncreasing doses of 

copper and boron, but uptake was more where micronutrient& 

were applied. Witb a constan t dose of copper and boron, 

i ts Ciptako wa s r ecorded maximum at 1.363 % level of ca l cium 

carbonate, hut t he magn t ude of decrease was small from 

2 .363 % to 4. 363 ;; leve l s of ca l cium carbonate. 

Si milar trend in upta .c of nitrogen in both grain 

and fodder was al so not iced . i t r ogen uptake was observed 

to be increased vn t h the appl i cat i on of copper and boron 

at a ll l eve ls of ca l cium carbona e. 

TOTAL US: T.'\i"J: ~ PHu5;-HATE J.!i ~ L !:QI !ri !::!Y!ill1.Q. ~ 

( GI1AI.l + ~ ) • 

The data on contents and to t a l uptake of 

phosphate per pot as well as its uptake i n gra i n and straw 

seperate•J.y ar o given i n table 8 and graphi cally represented 

i n fig. 6 . 

With the i ncreasing l eve l s of ca l cium carbonate 

alone, and coMbi ned wi th constant and increasi ny doses of 

copper and bor on, total upt ake of phosphate per pot as ¥roll 

as in grai n and fodder decr eased . H~vever, uptake of 

phosphate t-1as f ound to incr~ase with incr easing leve ls of 

ca l cium carbonate combined wi th appli cat i on of cop, er and 

boron. 



WJ&. a. 
TOTAL lLl...Ji QE. m lli R ~ ..£. HYB IO 

JO VAR CSH-1 

~ ~ !!Y saL.1!i 

-------------------------------------------------------· Levels 
of 
cace3 

Levels of copper and boron 

------------------------------------------------Con t rol Varying l ove l s Constant do&t 
of w B of Cu & B 

------------ -------------·----------------------Per cent 
P20~ 
cont ent 

Tota l 
uptake 

Per cent 
P205 
content 

Total ercent Total 
uptake P205 uptakt 

contont ------------------------------··--------------·---------
0 0.61 0 .061 0 . 60 0.079 
1 0.56 c.o56 0. 56 0 .053 0 .64 o. 1 
?. 0 . 49 0 .042 0 . 58 0.066 0 .59 0 . 060 
3 0 .44 0 . 028 . 62 0 .064 0 .49 0 .056 
4 0 . 36 .014 0 . 66 0 .058 0 .44 0 .039 
5 0 . 33 0 . 010 0 .66 0 . 051 0 . 34 0 .026 

--------------------------------------------------------' F' Test i-S1gn1f i cant s .E.0 .114 c . D . at~ 0 . 01151 
Si g ifl c,mt 0 . 00387 0 .03391 

•••- • • --•w•••••••••••••••••--••••••• •••••••••••••••••••• 

0 0 . 68 O. l2<.i 0 . 74 0.192 
1 0 . 62 0 . 107 0 . 64 0 . 122 0.75 0 .146 
2 0 . 54 .o.o o .~ 0 . 142 0 . 62 0 . 137 
3 0 .49 0 . 071 0 .74 0 .149 0 .~3 0 . 131 
4 0 .41 0 . 033 0 .73 0 .132 0.41 0 . 076 
0 0 . :11 o.mu 0 . 68 0 .114 0 .31 0 .052 

--------------------------------------------- ----------~ ' F' Test :• cignific~nt s . E.0 . 017 C. D. at5% 0 . 050e7 
i 9nifi cant 0 .098 0 , 029155 

---·-·8·· ·----------------------------------------------· 

-------------------------------------------------------~ 
0 0 .191 0 . 271 
1 0 .163 0 .17!> 0 . 207 
2 0 .132 0 . 208 0 . 197 
3 0 . 099 0 . 213 0 . 187 
4 (' .047 0 .190 o .u~ 
!) 0 .031 0 .16!> 0 .078 
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TOTAL TAKE .Qf. ~ .lli ~ ER f.QI Y HYBRID~ 

( .Jia!!! + S •I ) • 

rho data on cont ents and total upt ake of potash 

pe pot as well as i t s uptak in gr a .n and strav1 ar given 

i n tabl e 9 and graphi ca l ly represented in fig . 7. 

Tot al upt ake of potash was not aff cted upto 

3 . 363 ', l ovol of ca l cium car onate alone . However , it 

deer ased fur ther with incroaso i n the l eve ls of calcium 

car ona te . This tvas alao observed in uptake of grain aa 

well as n fodder . 

•ith a dose of 6 Kg per acre each of copper and 

boron at 3 . 363 % levels of ca l cium carbonate, uptake of 

potash · n grain ~as observed to be s igni f icantly superior 

t o all other t reatments . Total uptake of potash was 

observed oaximum at 1 . 363 % leve l of ca l cium carbonate 

with a co ·. stont dose 4 Kg per acr ench of copper and boron. 

Total uptake of potash was slight ly superior to all other 

l evels of calcium carbonate except 1 . 363 % l evel of 

ca l cium carbonate . 

A constant dose of cop. e~ and boron at 4 . 363 % 

levels of calcium carbonate corded maximum uptake than 

at other levels of cal cium carbonate exeopt at 1.363 % levels. 

I n ease of fodde r 1 t v1as s lightly superior, i ta u~take in 

gra in and f odder ncr oased wi t h levels of ea l eiu carbonate 

combined with appli cation of copper and boron . 



.Ia!U& .2. 

I CTAl. ~ Q.E. !S2Q. ,lli G MG EJili ....QI .QE. HYBRI D 
JONAR ~ 

TOTAL ~ Jr! Q!!8.!ti 

--------------------------------------------------------Level a 
of 
CaC0:3 

Levols of copper and boron 

------------------------------------------------Cont rol Varyin~ l evels Cons tant do e 
of Cu & B of Cu B 

------------------------------- -----------------Percent 
K20 
content 

Total 
uptake 

Percent 
Y-20 
content 

Total 
uptake 

Percent 
K20 
content 

Tota 
uptake 

--------------------------------------------------------
0 1.32 0 . 132 1.30 0. 169 
1 1.36 0 .116 1.43 0 .136 1 .95 0 . 187 
2 1 . 37 0 .115 2.72 0 . 308 1.60 0.163 
3 1.42 0 .092 1.60 0. 163 1·64 0 .189 
4 1 .46 0 .058 1.63 0.144 1o7l 0 .1!14 
5 1.49 0 .047 1.72 .132 1.74 0 .131 

' F' Tes t i•Significant S.E. 0 .092 C. D.at 5% 0 . 2737 
Si gnifi cant 0 . 039 0 . 1160 

--------------------------------------------------------

--------------------------------------------------------
0 
1 
2 
3 
4 
5 

1.49 
1. 54 
1.59 
1. 61 
1.65 
1. 68 

0 . 283 
0 . 267 
0 . 265 
0 . 1 3 
0 .132 
0. 112 

1.70 
1.13 
1.22 
1·3~ 
1.36 
1.39 

0.438 
0 . 214 
0 . 253 
0 . 259 
0.244 
0 . 230 

1.29 
1.35 
1.39 
1.49 
1.58 

0 . 248 
0 . 297 
0.341 
0 . 273 
0 . 243 

--------------------------------------------------------' F' Tos t i•Signlficant S.E.0 .023 
Signi f icant 0 . 0093 

C. D. at ~ 0 .0684 
0 . 0276 

--------------------------------------------------------

--------------------------------------------------------
0 0.415 0 .607 0 .607 
1 0 .409 0 . 650 0 .435 
2 0 . 380 0 . 561 0 .460 
3 0 . 275 0 .422 0 .530 
4 0 .190 0 . 388 0 .427 
5 0 .159 0 . 362 0 . 374 
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C TER ;i, • 

QISCUSSIONS 

Tho experiment al findings of the pot culture 

experiment i n eonn~ction wi t h t he ef fect of di f ferent 

levels of free ca lcium carbonat e alone and in conbin tlon 

with inc ased doses as ~~ell as w th constant dose of 

copper sulphate and borax on yield and total uptake of 

copper, boron , nitrogen, p~oaphorous and potassium by 

hybrid jotuar, CSH-1, have beon presented in chapter IV. 

It is discussed under fol l~ving heads :-

1) f f ect of varying love1s of calcium carbonate 

alone and i n combina tion with constant as well as increasing 

doses of co ·por and boron on yield of hybrid jo ·tar, CSH-1. 

2) Effect o varying l evels of cal cium carbonate 

alone and in combination wi t h constant as v~ll as i ncreasing 

doses of cop er and boron on the uptake of cop~er and boron. 

3) ef fect of varying levels of calcium carbonate 

a lone and i n combination with constant as \~11 as i ncreasing 

doses of copper and boron on the uptake of nitrogen , 

phosphate and potash . 

1) ~ sd ~~ ~ sd cal cium ca;bonate 

J)..me MS!. in. c..onbina t~on. ~ constant aDS! increas i n9 ~ 

.2f. ~ il!lll, boron M Wl.!! 2.f.. lWW.5! ~ CSH-1. 

Grain and f oddelr yie lds of hybri d jowar, C H-1 

i n grams por pot havn been r epresented in chapter IV, 
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t able 2 . It is found that the grain and fodder yie lds 

decreased with incr easing levels of ca l cium carbonate 

alone. Highest but samo grain yields are obtained at 

1 . 363 % and 2 . 363 level of ca l ci eum carbonate. The 

grai n yield obtained per pot aro 10 , 10, 8 . 66, 6 .50, 4 . 00 

and 3. 16 grams a t 1 . 363 %, 2. 3 3 %, 3 . 363 %, 4 . 363 %, 

5 . 363 % and 6 . 363 % levels of ca l cium carbonate 

r espectively, wi t h a basa l dose of NPK fertil i zer. The 

l o\Yer ng of yields v1i th incroasing leve l s of ca l c! m 

car bonate may be due to adverse offect of ca l cium carbonate 

on incr easing soil pH eo sequently 10\.'1 availability of 

nutrients . t'l1 th increasing levels of ca e i m carbonate 

so l pH rocorded during crop 9r0\.7th wore 8 .6, 8 . 2, B.l, 

8 .1 and 9 .0 at 6 . 363 %, 5 . 363 %, 4 . 363 %, 3 . 363 % and 

2 . 3 % l cwols of calcium carbonate roppectivoly whereas 

it was 7.9 at 1. 363 ~ level of calcium carbonate . 

The yi elds of rJ rain and f odder obtained ar 

lower n d . f f e nt levels of cal cium carbonate alone 

t~Cltments than in conbi nation \"li t h dose& of cot->p:> r and 

boron . Ho-,'1 v,. r , the t rend of yield obtained is in the 

declining order with i ncreasing lovels of c<llciu carbonate 

a lone ao well s in corr•binatlon with increasing doson of 

copper a ~ boron . It indica•es a f vourable response in 

respect of yield v;ith the application of copper and 

bor on . 



- 41 -

Coppe; and boron at higher levels of ca l ci um 

carbo~e te i . e . 6. 363 ~ lowered the yie ld , whi ch may be d 

t o t he cxea s of lime as well as higher dose of 9 Kg per 

a cre of copper and boron . Nei sehlag and Teichmann (1956); 

Sadapal and Das (1956) noted an incr eased in yield of 

cereals due to ap li cation of minute quantities of trace 

n l ementr. 11 e Cu , B, Zn , ~'n , et c. wi t h Nl' K fertilizers . 

Boron increased t he yield of jot1ar by 35 % I andya , Ya ~a lk r 

and Ranbir S~ngh (1955) and Joshi (1956 ); ychaudhari 

(1953 ) 1. Josh and Joshi (1952-57) report ed that the 

l ower dose of coppor su lpha te gave maximum yield ov r other 

higher dosos . Tho same results was obt ai ned by Koraddi 

and Soth (1964 ) ; s te nbjerf) (1948 ) . ndhawa (1955 ) , 

Scharrer and Jung (1956) and Joshi ( 1954·6~ ) t hat the 

smaller dosos of COi .. or sul .-.hate and borax 9 ve a milximum 

gra i n yie ld . 

From t hi s we can eo e to t he condlusion that 

smaller doses of micronu trient & i . e . copper and boron can 

gi ve vory yood response to yiold. andhi and Meht a (1960) 

s aid that crops wi t h hiyher eon ~ ents of bor on have 

r elativoly higher requirem.';ont for oron . 

2 ) J.f.~~ Q!. l(aryin9. .!&!ve l$_ Qf ca l cium ~J:lll~ W1:ul. 

1!!.5! 1n. .S:JWl;!inatio.rt YLith cons t..ru:J.t U W. . .t ill. lnc;; r easing ~ 

Q.f. ~ l.t!JS:!. b.2E.2.Il gn .th!t YE.tiLk.£. of.. ~ a.ru! ~· 
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From tho data on uptake of cop er and boron i n 

grain and fodder given in table 5 nd 6 respectively, it 

is obse od that with increasing lovols of calcium carbonate, 

copp r uptake s r ducod . This effect of incr asing levels 

of calcium carbonate is al so reflected on grain and fodd r 

yields . Thi s mi ght b due to inc ased soi l pH affecting 

the avai lability of nutrients ~ nd consequently the uptake 

of nutrients and yiold of crops . However , the ptake of 

boron i s not much af fec ted with incr asing levels of cal c! 

ca rbonate and i t r ained more or l e ss cons tant at all 

leve ls . l.' ish a and Shnrma (1961} have I'Qported t hat the 

amount of available cop r is dependent on the soil pH. 

Similar r esults in respect of avai ability and pH range is 

also reported by Kanwar and Singh (1961) , Bha t tacharjee 

( 1956), ' 'athu:r, r,•odi and Talati (1964) . However, 1 and 

ishra di d not observe cor re lation be ~eon vailable copper 

and pH as well as total copper con tent. 

Total upta•·o of copper and boron is s lightly 

increased Llpto 3. 363 % l evol of cal cium carbonate i n 

conbina tion ~ith a constant dose of each cop er and boron 

as woll as their incroaiing dosea over levels of calcium 

car bonate al one . At 4 . 363 %, ~ . 363 A and at 6 . 363 of 

ca l cium carbonate i n c ubinat1on with constant and 

increas ing doses of coppe and boron, tho u t ake of these 

nut:ri ontc became com aratively doubled to the levels of 
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calciu car onate a lone . Large differences in uptake of 

boron observed at 4 . 363 % to 6. 363 % levels of ca l cium 

carbonate alone and l n combination i t h increasing dosos 

of copper and boron, may bo duo to the benefi c ivl effect 

o applied borax . A benef i cial ef fect of bor ax application 

on crop plan t and t here exi ~ ts certain balance in t he uptake 

of coppe- and boron f or normal growth of plants r equire 

sma l l dosos of mi cr onutrients , so that they could Make use 

of ot her nutri ents mora ef f iciently and economicall y 

0 Mi dgley and Dunklee , Oranchley •nd Warington : Truninger 

{1944) Agulhon (1912) t. 

3 . lli..ill 2f. varying ~ sll, ca cium carbonate 

~ arui 1n combination~ constant ~ incr easing ~ 

.Q.{ ~::-- ~ ~ 2.0. ~ Q.( ni trogen . ohosphate i!l!il 

~. 

A cons t ant dose of copi e r and boron not only 

i n cr~asod t heir uptake bu t also of nitrogen, phospha te and 

potash . H rover , uptake of ni trogen , phosphate and potash 

a s we ll as of copper and boron is not incr eased with 

incr ~asing doses of copper and boron . A dose of 4 Kg and 

6 Kg per aero ach of co or and boron 1s found to be aqua l ly 

superi or for tho uptake of nitrogen, phosphate and potash 

as well as copper , boron at 1. 363 % and 4 . 363 ~ lovola of 

calcium car bona t e rcspoctivol y. 
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In genaral , i t is observed that utilization of 

maj or nutr ' nts and of coppe and boron is improved vd th 

the application of a constant dose of these rn1cronutr1ents, 

as we l l as ~i th t hei r increasing doses at i ncreasing levels 

of ca l cium carbonate. H~1evcr, i ncrea& l ng a dose of 

copper above 6 Kg per acre did not reflect much on yield 

as we ll ao on uptake of nutrients . 



CHAPTER Yl, 

SU" ," ARY .&lQ. CCXIICUJSICX'~S. 

experiment wa s l aid out i n pot culture in 

the Department of oil Science and Ag r i cul tural Chorni stry 

with a view to stu\,.dy the effect of levels of calcium 

carbona t e a lone and i n combination with different doses 

of copper and boron on yield and uptake of these 

mi cronu tr ient& as well aG nitrogen, phosphate and potash 

by Hybrid Jowar, SH-1. The soil used for t hi s t tudy as 

brought from fihabu l gaon block, fi eld No . 4, Punjobrao 

K:d. ahi Vidyapeat h, Akola . Soil v1as neut ra l to a l kaline 

in r eaction, high in organi c matter and pot ash. However. 

it l'las medium i n available phosphate and nitr ogen. Its 

free ca l cium carbona .. o cont ent ~·Jas 1.363 , soil typ was 

silty c l ay l oam . 

In all t horo were 17 trea tments r epl i cated thr i ce, 

consisting of six (1.363 % to 6 . 363 %) levels of calci um 

carbonat e. These incroas ng levels of ca l cium carbonate 

were combi ned wi th 4 , ~ . 6, 7, 8 and 9 Kg per acre of 

each copper sul phate and borax r espectively. A constant 

dose of 4 Kg per acre each of copper and boron wa s also 

combined \'Ji th t he incr easing l eve l s of ca l cium carbonate . 

Grai n and f odder yield~ obtai ned f r om ench 

treatment were recorded . lant samples at 60 days and 
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harvest s t age (grain and straw} were analysed for coppor, 

boron and maj or nutrient s i . e . nitrogen , phosphorous and 

potash content . Uptake of t h · se nutrients were ca l culat ed 

by taking in to consideration the total dry matter and the 

percen t cont ent of those nutrients . The r~sult of this 

study i s sumneri zod and conclusions are as under . 

l) Incr ' asing levels of calcium carbonate a lone, 

and co b ned wi th i ncreasi ng and cons •ant doses of copper 

and boron rJSulted in loweri ng the grain nd fodder yields. 

However , the yields obtai ned mor wi t h l evels of calci um 

carbonate c~bined with app lication of copper and boron 

than only l avels of ca l cium carbonate . Maximul'l grain and 

fodder yie lds were obtai ned ~i th a dose of 4 Kg per acr e 

each of coppeT and boron at 1.363 % level of calcium 

carbonate , followed by 1 ta 4 . 363 l eve l. A dose of 6 Kg 

per aero of each cop .er and boron at 3 . 363 % l evel of 

ca l c6cu carbonate yielded s l ght ly l ess than ~d th a dose 

of 4 Kg per aero each of copper and boron at 4 . 363 ~ level . 

2) Cont ents and upta ·e of copper i n pl ants at harvest 

(grain + straw) decreased vJi "· h increase in ca lcium carbonat e 

alone and comb ned wi th constant and incr easi ng dosos f 

copper and bor on a l so . Rever se t rend in respect of boron 

content anc' up t ake w s observed . Amount of th<' se 

micronutr cnt s wero more at 60 days growth than tha t at 

harvest s tage in str aw. 
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3 ) Concentration and uptake of these mi cronutrient& 

wore found t o be mor0 when level s of calci um carbonate 

combi ned with the application of CO!> er and boron than 

a l one . Total u.- take of copkt!r and boron w s bserved to 1 e 

max inurn t;ri t h a dose of 4 Kg per acre each of cop or and 

bor on at 1. 363 % and 4 . 363 % leve l of calcium carbonate 

respectively. 

4 ) -~ncentration and uptake of copper was moro in 

grain than in fodder . where as t ha t of boron was more in 

fodder t han i n gr ain. 

5 ) l.lax!mum tot a 1 upt ake of ni t:t·ogen and phOGt hat e 

were not ed with 4 Kg per aero of each cop!: or and boron at 

1.363 S level of calci um car~onate \vhoreas that of potash 

was with 5 Kg per acr e of each correr and b ron at 2 .363 % 

l ev~ l of calcium carbonat e . 

6 ) ~ith increasing lev ~ ls of ca l ci um c: r bonate alone 

and coob nod wi t h constont and i ncr~a sing doses of copper 

and boron . t heir concentration and uptake at harvest (straw 

and grain) deer asod , wher eas the concerntration of potash 

increa sed . but it: uptake docr ·:la &ed . 

7 ) Concent ration of N1 P20!) , N2 and u, B decr~a sod 

wi t h t ho maturi ty. 

b) Yield and uptake of N, P2Gs o K20 and Cu 1 0 and their 

concentration wer~ increased whon l evel s of cal cium carbonate 

combined with the appli cation of copper and boron. 
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EEKLY J.212. 

---------------------------------------------------------Month Metero Rainfall No .of rai ny Temp . ln °C 
log led ln mm daya/w ek ------------------waek No per 've k ax . n. 

--------------------------------------------------------· 
June 23 o.o o.o 42 .6 27 . 1 

24 18 .0 2.0 4.1 . 6 2~ .6 
2~ 28 .8 3 .0 37.6 25 .4 
26 71 . 2 7 . 0 32 . 11 22 .6 

July 27 74.2 7 .0 29 .4 22 .6 
28 8 .9 2.0 33 . 6 22 . 3 
29 0 . 8 1 .0 33 .9 23. 6 
30 o.o o.o 38.0 23 .4 
31 03 . 2 1o0 36 • .1 23.3 

Aug. 32 o.o o.o 32 .7 22 .9 
33 .169 .9 5 .0 2 . 2 20 .7 
34 63 . 5 6 .0 28 . 5 21.6 
35 0 . 5 1 .0 29 . 8 21 . 3 

Sept. 36 36 . 8 2 .0 33 .0 31.7 
37 !)1 .7 3 .0 31 .7 21.3 
38 o.o o.o 35 .4 20 .0 
39 o.o o.o 35.4 15 .1 

Oct. 40 o.o o.o 35 .4 18 . 6 
41 o.o o.o 35 .5 16.0 
42 o.o o.o 36 .9 18 .7 
43 o.o o.o 34 .4 18 . 8 
44 21 . 6 1o0 29 . 5 18 .0 

Nov. 4~ o.o o.o 3. ·1 u.9 
46 o.o o.o 32.7 12.5 
47 o.o o.o 32. 1 13 .1 
48 o.o o.o 29 . 9 13 . 5 

Dee . 49 o.o o.o 29 .8 12.8 
50 3 . 1 l oO 29 .9 l3o8 
51 o.o o.o 31.9 12. 2 
52 o.o o.o 36.7 15.9 



i.Qll Q!i AI VARI OO., TAGES .Qf. !:iY1lli!Q. ~ ~ 

21! AfllJl .ag, ~ 

-------------------------------------------------------Level a 
of 
caco3 

Leve ls of coppor and boron 

-----------------------------------------------Cont rol Varytng l evels 
of Cu & B 

Constant dose 
of Cu & B 

-------------------------------------------------------
0 7.7 7.8 
1 7.8 7.9 7 .9 
2 s .o 8 .o a .o 
3 8.1 8.1 8.1 
4 e.o 8. 2 8.1 
5 e.~ a .~ a .~ 

-------------------------------------------------------
pH AFTER 70 D YS 

-------------------------------------------------------
0 7.a 8.o 
1 7.9 a.o 7 .9 
2 7.9 8.1 7. 9 
3 a.o 7.9 8 .0 
4 8.1 8.3 8 .2 
!> 8 .8 a.a 8 .8 

-------------------------------------------------------
g!1 Af..I!!B HAR EST!NG 

------------------------------------------------------· 
0 7.9 8.o 
1 a.o 8.1 a.o 
2 a.1 a .1 8.o 
3 8.1 8.3 8. 1 
4 8.2 8.4 8 . 2 
!> 8.6 8.6 8 .4 

-------------------------------------------------------


