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The mounting growth in population warrants more
food production. MNaturally efforts are being made to
augment the food production. The main channels of
achievement of the above objective are use of high
vielding varieties, application of increased doses of
fertilizers, tapping of the sources of irrigation ete.

The use of high yielding varieties accounts for the most
promising channel for achieving the goal of self
sufficiency in respect of food grainse The high yielding
varieties are found to absrob more amount cof essential
nutrient elements. So far, attention was paid to the
needs of these crops for major nutrient elements f.e.
nitrogen, phosphate and potashe. However, practically

no cognigance was taken of the needs of the plants for
micronutrients, i.e, copper, boron, zinc, manganese,
molybdenum, iron and chlorine.

The work done in India on this aspect of crop
nutrition upto 1963 has heen critically reviewed by Heheja
et al (1959) and Bokde (1963). These reviews indicate that
in many soils of India, micronutrients are becoming a
limiting factor in raising the crop production levels. 1In
some cases no responce was observed to nitrogen and phosphate
application unless the micronutrient deficicncies were
corrected. Some experiments were carried cut by the Departmeni

of Agriculture, Maharashtra State, on different types of soils
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with different improved varieties of different crops for
assessing the crop response to the soll application of
micronutrients.

Copper is considered to be active in the process of
respiration, and in asscciation with protein serves as
catalyst in various oxidation processes in plants, Copper
increase chlorophyll content and act as a protectective agent
against the destruction of chlorophyll,

Boron is belived to promote the nitrogen metabolism
and nutrient uptake. ‘oron deficiency disturb the meristimati
growth of growing point and affect the pollen formation.

Soils of Maharastra specially of our Vidharbha Regio
are rich in free calcium carbonate. Application of
micronutrients like Cu and B in such soil containing varying
quantities of free Calcium carbonate may adversly affect
their availability. Free calcium carbonate decrease the
availability of copper by bringing about ﬁhe change in soil
pH (Xavimandan, 1964). The uptake of boron by plants is alsc
affected by free calcium carbonate because of adverse
physiological effect (Olsen and Berger, 1946). Consequently
response of different crops to copper and boron differ under
different lovels of free calcium b carbonate. The present
investigation was undertaken tc find out the level of CaCOy
at which there is optimum uptake of copper and borone The
findings of the present investigation will be useful in
deciding the potential of particular soil in enhancing the

food production.



CHAFTER IL
REVIEW OF LITERATURE

Deeson (1941, 1946, 1954), Sommer (1945},
Hoagland (1945), Gilbert (1952), Mulder and Gerretsen
(1952), Thorne (1957) and Jocob (1958) have presented
exhaustive reviow of literaturec in respect of the effect
of differcnt micronutrients on growth, yleld and quality

of the crops.

A review of literature presented here pertains
principally to the effect of copper and boron singly and
in combination with major nutrients viz. N, P, K on the
yield of various crops with different levels of calcium
carbonate.

The availability of copper and boron in soil
depends upon a number of factors of which, soil pH,
organic matter content, calecium carbonate content, clay
content in soil etc. are important. Out of these
factors the content of caleium carbonate can be
considered to be a major one in Black Cotton Scils so
far as the availability of the above micronutrients are
concerned because there is less variability in other

factors in these soils.

IMORTANCE OF CUPPER

Copper is one of the heavy metal cation from
the stand point of soil chemistry. It is held in soil
principally on organic or inorganic surfaces or

substituted as accessary constituents in common soil
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minerals. The essentiality of copper as essential
plant nutrient was establiched in the year 1931. It
is considered to be active in the process of
respirations 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 the destruction of chlorophyll. Copper is
taken by the plant as copper cation ( Cu ** ). Copper

is also an activator of several enzymes.

FECT OF GALCIUM CARFONATE N THE UPTAKE OF COPEER

Total copper ranges from one to less than
100 ppm in normal soils of world (Swaine 1955). Dlack
cotton soils of Gujarat and Maharashtra have
comparatively high contents of copper. Total copper
in soils of Maharashtra ranges from 77 to 234 ppme.
(Randive ot al, 1964) and available copper contents in
black soil range from 0.38 = 1.53 ppm (Kavimandan et al,
1964).

“ishra and Shayma (1961) stated that the amount
of available copper is dependent upon the soil pHe The
availability of copper is increased as the scil acidity
is increased. The applied copper which is not chelated
by organic matter is probabally precipitated as copper
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hydroxide (Cu (OH)g) when the pH of the soil solution
is greater than 4.7 pH, Hodgson (1963) reported that
the avsilability of naturally occurring form of copper
was af’ected to a lesser degree than that of the added
copper by agplication of calcium carbonate. Kavimandan,
Badhe and Pallal (1968) observed a positive though
statistically nonesignificant relationship between pH
and available copper content of Vidharbha soils,

Rai and Mighra, showed no correlation of
available copper and pH and total copper content. As
the finer particles or organic carbon increased, the
availability of copper was also increased. On the
other hand it was found that as the calcium carbonate
increased, the availability of copper decreased,
Agarwala, Sharma and Sinha (1964) and Nilkantan and
lehta (1961) observed a negative relationship between
pH and availability of copper in Gujarat soils.

EFFECT OF COPPER ON YIELD

Densch and Hunnius (1924) observed that copper
increased the yield of grain but decreases the straw.
Russell and Manns (1933 « 34) and Mann et al (1936)
observed an increase in yield of 4.5 to 20.0% over
control by a dose of B0 lbs copper sulphate per acre.
Joret Gand, (1939) obtained an increase in grain yield
of wheat with application of cocpper in addition to the
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balance dose of N, P and K fertilizers. Steenbjerg
(1948) found that copper application onhanced the
yield of cereals upto B7% on several soil types.
Other workers who noted the possitive response in
vield of cereals to copper application includes
Randhawa (1955), Scharrer and Jung (1996) and Joshi
(1954, 56), Gopalrac and Govindrajan, (1954), Jogi and
Ahuja (1965).

Koraddi and Seth (1964) reported that
application of copper (5.08 Kg per hectare) + NPK
increased the yield of wheat grain by 16.9% over that
from NPK treated control. Pareek and Jain (1966)
obsexrved increase in yield of malze grain over NPK by
soil application of copper with a dose of 5.6, 11.2
and 22.5 Kg per hectare in Rajastan scils. Sadaphal
and Das (1961) observed in field experiment on sandy
loam soils (pH 7.9) of medium fertility that soil
application of 5 lbs per acre of copper stimulate
vecgetative growth, hasten earing and increased

1000 grain weighte.
MPORTANC! BCR

The essentiality of boron for the growth of
crops was established in the year 191%. Total boron
in Indian soils has been found to vary from 7 to
670 ppm. Satyanarayan (1998) studied the soils of
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Bombay region and has shown that the black cotton
soils contain 24,5 to 29.6 ppm boron. Doron is held
in the soil in anionic form. It is succeptible to
leaching.

Eaton and Wilcox (1939) considered three
possible mechanisms for chemical combination of boron
with soil,

(1) anion exchange

(2) chemical precipitation

(3) molecular adsorption.

Philipson (1953) made similar classification
substituting complex formation with acid groups in
clays for molecular adsorption, This explains the
effect of lime on boron fixation, Bobke et al (1936)
and Naftel (1938) originally interpreted the ef ect of
lime on boron retention in soils due to stimulation of
microbes in soils, but Midgley and Dunklee (1939)
found that microbial activity was not necessary to
account for the effect of lime on boron. Olsen and
Berger (1946) demonstrated that calcium was not
required to bring about fixation., The action of sodium
hydroxide was similar to lime. Calcium has a specific
physiological effect in 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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seriously reduce the movement of boron in soil

profiles.

EECECT OF CALCIUM CARDNATE ON ITHE UPTAKE of BORGN.

Agulhon (1912) observed marked positive effect
on the growth of crops due to application of boron at
the rate of 3 Kg per hectare particulerly on cereal
crops in presence of lime. Truninger (1944)
reviewing the original experiments with vegetable fodder
and cercal crop and of the effect of lime in conjunction
with boric acid, observed that even 5 Kg of boric acid
per hectare increase the boron content of all crops
several times and plants supplied with boron were able
to make more eficient and economical use of the other
nutrients of the fertilizers. Reeve and Shive (1944)
found that with high amount of calcium, plants are
able to withstand larger amount of boron without
toxicity symptomse Midgley and Dunklee found that
borax benefited the crop plants suffering injury
from excess lime.

Bhattacharjee (1956) reported that the
availability of boron was comparatively more between
pH 6.8 to 8.0 and it decreased below and above this
range., He again reported that none of the workers
in India got statistically significant relationship

between calcium carbonate and water scluble boron
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content of the soils. Kanwar and Singh (1961)
observed that water soluble boron increases with an
increase in soil PH, Brenchley and Warington studied
the boron / calcium ration in solls and plants and
the inter relationship of various other elements
with boron. It has been observed that normal growth
of plants occur only when a certain balance in the
intake of calcium and boron exists. Mathur, Modi and
Talati (1964) obtained a significant positive
correlation between available boron and pH of
irricated soils, The range of pH was 7.8 to £.2.

EE_ECT OF BORON ON YIELD

Mandal, Ali and Mukherjee (1956) got 100%
i{ncrease in yield of maize by the application of
borax at the rate of 22.% Kg per hectare. Joshi
(1996) also got the same result by the application of
boron in Jowar. Kanwar et al (19%8 - 62) and
Bhambla et al (1963 = 65) obtained a significant
increase in yield of rice in calcareous soils by
application of boron in one experiment out of seven.
Pareek and Jain (1966) got increase in yield of maize
grain over NPK control by soil application of boron
(5.6, 1142 and 22,5 Kg per hectare).

Gandhi and Mehta (1960) have analysed plant
for their boron content. Jowar crop has 50 ppm boron
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contents Crops which contain low boron have low
boron for good growth and high contents of boron have
high requirement.

INTERACTION OF COPFER /ND DORON ON YIELD

Raychaudhari (1953) reported a significant
increase in yield of wheat with application of copper
and boron seperately in experiment at Poona (Maharastra).
Pandya, Yawalkar and Ranbir Singh (1955) and Joshi
(1996) stated that boron and boron + manganese
increased the yield of jowar by 35 « 40 ¥ respectively.
Sadaphal and Das (19%6) reported that with a number of
micronutrients viz, Cu, Mn, and Zn, wheat yiclds were
increased by these nutrients when applied in
conjunction with NPK fertilizers. The same result was
found out by Nieschlag and Teichmann (19%6) in yield
of cercals.

Raheja, Yawalkar and Ranbir Singh also
found the same result but stated several soil
factors which influence the availability of

micronutrients.
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An experiment was laid out in pot culture
to study the ef’ect of different levels of free
calecium carbonate on yield of hybrid jowar CSH « }
and uptake of copper and boron during the Kharif
season of 197273 in the premises of Department of
s0il Seience and Agricultural Chemistry, Punjabrao
Krishi Vidyapeeth, Akola.

BETAILS OF EXPERIMENT
Description of goil t=

The sell used for the experiment was brought
from field No.,%4, Phabulgaon Block, Central Resexch
Farm, PeleVs Akola, Itws slightly alkaline in
reaction (pH 7.7) with 1,392 % of orgenic matter
contents The free caoleium carbonate was 1.363 5. It

was medium in nitrogen and phosphate and high in potash.

Prepazation of goil and description of pots -

The soil was first dried in shade and then
ground carefully to break the soil clodes., Earthen
pots wero used for the experiment and had the
following dimensionss

(1) Top diamter = 45 cm

(13) Depth or height = 30 em
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There were Bl pots numbered agcording to
treatments, There were seventeen treatments and each
treatment was replicated thrice. Tar was applied to
the pots to prevent loss of nutrient. Some broken
pieces were placed on the hole at the bottom of the
pote to allow easy dralnages 10 Kg air dried soil
was filled in each pot. Ammonium sulphate, single
super phosphate and muriate of potash werc added to
the soile Calcium carbonate (commercial) was applied
as per the treatments. Copper and boron were applied in
the form of copper sulphste ( CuS04;5 Hp0) and borax
( Nag Bg 07,10 Hy0 ) respectively according to
treatments, The soil in each pot was thoroughlly
mixed with the fertilizers added.

Sowing and other oporations s-

All pots wers arranged randomly in the field.
Sowing was carried ocut by dibbling method on 6th July.
Water was given in alternate cday and whenever required.
Weediny was done whenover necessary. Thining was done
80 as to keep six plants in each pot 20 days after
sowinge
OTHER DETAILS OF

1. Design of experiment : Completely Handomise
block designe

2+ Number of treatment 3 17
3+ Number of replicetion st 3
4, Total number of pots ¢ 51



e 13 -

IREATMENT DESCRIPTION

1. Control
2. 1% CaC03
3. 2% CaCO3
4, 3% CaCO3
5. 4% CaC03
6. 5% CaCo3
7. Control
8. 1% CaCC3
9. 2% CaCO3
10, 3% CaCo3
11. 4% CaCO3
12, 5% CaC03
13. 1% CaCO3
14, 2% CaCo03
15, 3% CaCoO3
16. 4% CaCO3
17. 5% Cace3

Doses of fertilizexs
1. Ammonium sulphate

+ ¢+ + *+ <+

+

*

NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK
NPK

2+ Single super phosphate

3. Muriate of potash
4. Copper sulphate

e eepepepe
+ + + <+

+
W W P W W W w w w w W

e egege

30 Kg N per acre
20 Kg P205 per acre
14 Kg K20 per acre

(1) for O to 6 treatments = Nil

(1) for 7 to 12 treatments = 4 to 9 Kg per acre
(111) for 13 to 17 treatments ® 4 Kg per acre each

9. Doraxse As per copper sulphate
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LER EOT (20 Ko SOIL)

Treatment Calcium /mmonium Single /urgate Copper Dorax

Nos. carbon sulphate super of sulpha
ate ::::. potash te
le n1l 1.5 1.25 04233 = -
2. 100 18 1:25 0,233 = -
3. 2CC 1.9 125 0,233 = -
4. 300 1.9 1625 0,233 = -
S 400 1.5 1625 04233 = -
6. 500 1.5 1.25 0,233 = -
7 Nil 1.9 1.25 0,233 0,04 0,04
Be 100 1.9 1425 0,233 0,05 0408
e 200 1.9 1425 0,232 0,06 0.0
10. 300 1.5 1625 0,233 0,07 (.07
11. 400 1.9 125 0,233 0,08 0.08
12, 500 145 1,25 0,233 0,09 009
13, 100 1.5 1.25 0233 0,04 0,04
l4. 200 15 1,25 0,233 0,04 0,04
15. 300 1.5 125 0,233 0204 0,04
136, 400 1.9 1.25 0.233 0,04 0.04
17. 500 1.9 1.29 0,233 0,04 ©.04
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EHYSICO » CHE ICAL PROFERTISS OF SOIL

Ae Mechanical Composition
o

Percent on oven

f soil dry basis
(1) Moisture 5.92
(11) Coarse sand 6.212
(111) Fine sand 184516
(iv) silt 264117
(v) Clay 43,301
(vi) Total soluble salt 0.49
(s/w ratio 112.5)

(vii) Free calcium carbonate 1.363

Be Fertility constituents

Percent on oven

dry basis
(1) Total nitrogen 0.068
(11) Available phesphorous 0.0018
(111) Avatlable potassium 0.023
(iv) Organic carbon 0.79
(v) Organic matter 1.3919
C. Exchangeable Constituents Milliequivalent/100
gm of soil
(1) Total C,.E.C. 41.65
(11) Exchangeable sodium 0.78
(111) Exchangeable potassium 0.01
(iv) Exchangeable calcium 31.0%
(v) Exchangeable magnesium 7.87
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De  Other properties

(1) Electrical conductivity 0.3% m., mhos/em
(s/w ratio 112.%)
(11) Soil pH T7
(s/w ratio 112.%)
(115) available copper 74525 ppm
(iv) vater soluble boron C.647 ppm

METHODS OF ANALYSIS
Ae SOLL ANALYSIS
Preporation of goll sampless-

Before conducting an experiment original soil
was dried, ground and placed in a cloth bag for
analysis, . fter harvesting stace again soil samples
were taken from all pots with the help of screw

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

bage.
Determination of physical propertiess=
le ¥ = Moisture percentage was determined

by hoating maethod to constant weight as described
by Wright, 1934,

2. Mechanical gnalyslsi= The method used was
standard international pipotte method. (Pipor, 1966)

3. Ehysical charactoristics of goils= It was
determined by using keen and Raczkowski boxes

(Dagtane, 1972).
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4, Total golublo galt te Determined by using 1:2,9

ratic of soil and water by gravimetric method.
(Fiper, 1960)

5. Electrical conductivity :- Determined in soilevater
extract of 1312.,5 ratic by Elico-soil bridge.

Dotermination of Cherical propertics =

1. Total nitrogen t= Yjeldahl (modified) method was
followed as descrih~d by Jackson (1967) using sodium
thiosulphate and salicylic acid to include nitrete

nitrogen.

2. Available phosphats 3= It was estimated by following

Olsen's method as described by Jackson, 1967.

3. Available potash := It was determined by flame

photometer by neutral ammonium acetate extract.

{Jackson, 1967)

4, Organic carbon :~ vet digestion method of valkley
and Black (1934) as modified by walkley (193%).
(Piper, 1966)

5. Orqanic matter t= OUrganic cachon x 1.724,

6. pH of goil s~ Determined in sollewater suspention
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of 1:12.5 ratio by glass electrode pH meter as described
by Jackson, (1967).

7. Iotal gopper s- Determined 'y carbamate method,
Butterworths scientific publication 1959 (Jacison,l1967)

8. Yater scluble boron s- Determined by colorimetriec
method using carminee.

(UsSeD,As Hand book No.60, Jackson, 1967)

9. Catlon Exchange gapacity :- Determined by using
neutral 1 N amrmonium acetate extractant method as
describod in Piper, 1966).

(1) Exchangeable sodium and potassium ie
Determined by Plper, 1966 using Flame-photometer.

(i1) Exchangcable caleium and rmagnesium je

Determined as described in Fiper, 1966.
B, ELANT ANALYSIS s~

Colloction of plant sagples := #lant samples from each
pot werc collected for dry matter studies at 60 days

and 110 days intervals, after sowing the samples were
first dried in air and then in oven at 70° - 80°C,
Samples wore weighed for dry matter yields. They were
then ground in an electrica'ly operated grinder.
Samples wor> then stored in a brown paper bags for
determination of copper, boron, nitrogen, phosphate

and potassium,.
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Grains were separated from husk by wooden
thresher. All portions of plant except grains were
considered as a straw. Hoth grain and straw were used

for analysis.

Ereparation of plant extract :-

Plant samples were preedigested with nitric acid and
then completely dijested with tri-acid mixture.
(1014:1 ratio of nitric, perchloric and sulphuric acid
respectively) (Jacison, 1967).

Tri-acid extract of plant samples were used

for analysing copper, boron, phosphorous and potassium.

1. Determination of copper in plant :- Copper was
determined by carbarmade method. (Butterworths scientific
Publication 1999, Jackson, 1967)

2. Dotemination of water soluble boron :- Boron was

determined by colorimetric determination using carmine

me+thode

3. Determination of FPhosphate :~ It was estimated by
Vanadoemolybdophosphoric yellow colour method in nitrie

acid system., (Jackson, 1967)

4, Deterni ation of Potash t= Potassium was estimated by
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using Flame photometer as described by Jackson, 1968
(Piper, 1966).

5. Determination of nitrogen $e Nitrocen was estimated by
Kjeldahl's method as described by Piper, 1966.



CHAFTER IV
EXPERIMENTAL FINDINGS .
GRAIN AND FODDER YIELD OF HYBRID JUUAR.

The average grain and fodder yields cbtained
per pot in different treatments are given in Table 2

and have been graphically shown in Fig. 2.

Effect of increasing levels of calcium garbonate on
yield of jowar :-

In general, ¢rain and fodder yields were in
the declining order with the increasing levels of caleium
carbonate. At initial if.e. 1,363 % of calecium carbonate,
grain as well as fodder yields were highost, However,
no significant differences were observed amongst 1.363,
2,363 and 3.363 % levels of calcium carbonate. At
4,363, 5.363 and 6.363 % of calcium carbonate levels,
grain yields were significantly lower than at 3.363 ¥
level, where as fodder yields obtained at 4.363 7,
5,363 % and 6,363 % calcium carbonate levels were
significantly lower than initial level of calcium

carhonate.

Lffect of increasing doses of micronutrients i.e. cocpex
and boren on yield of jowax :-

Highest crain yfeld was obtained at initial i.e.



IABLE 2
GRAIN /AND FODDER YIELD IN GRAMS PER POT
GHAIN YIELD

W o e w @ M o e W m w W@ W W e W W W e e e W W W W e e W

Levels of Levels of copper and boron
cama L I T I e
0 Control With varying With constant
dose of Cu & B dose of Cu & B

- e m e W e ® W G E e @ @ W @ W W oW ® W W om o ow ™ om o ® e e W

0 10 13.0 13.0
1 10 95 95
2 8.6 11.3 10.1
3 6.5 10.1 11.5
4 4.0 548 940
5 3.1 746 7.5

B e ®m e e @ ® B W W W W e W W @ W D oM MW W e W o @ W e o W

'F' Testt=Significant S.E. 0.673 C.D.at 5% 2,002

W O e @ @ G W W @ B G W @ W B @ G oW B W W W B W W W @ e e W

FODDER YIELD

Levels of Levels of copper and boron
-Cams L I I I S T I
Control With varying With constant

dose of Cu & B dose of Cu & B

0 19,00 25.66

1 17.33 19,00 19433
2 16.66 20.66 22,00
3 14.66 20,00 24,66
4 8400 18,00 18633
5 6466 16.66 15,33

® B e e S G e B B E B W e S e ®m TG oW W B e oW oW oW W

'F!' Testi=Significant Se.Ee lel CeDeat 58 342725

L T I I R I
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1.363 % level of calcium carbonate with no significant
difference between 3,363 % and 4,363 % levels. The
grain yields at 3.363 %, 4,363 % and 2.363 % levels of
calcium carbonate giqnlficantly increased over these at
5.363 % and 6.663 ¥ caleium carbonatc levels. Dose of
6 Kg. per acre each of copper and boron at 1,363 & level
of caleium carbonate was superior over 7, 5, 8 and 9 Kg.
per acre doses of each copper and boron. However, the
yvield obtained from this dose was lower than 4 Kg dose of

each copper and boron at 1.363 ¥ level of calcium carbonate.

Dose of 4 Ky per zcre of each copper and boron
at 1.363 ¥ level of calcium carbonate gave sionificantly
higher fodder yield over other doses cof coprer and boron.
No significant dif‘orences were cbserved amongst 6, 7, 5,
8 and 9 Ko per acre doses of cocper and boron. In general,
grain as well as fodder yields obtained were in the

declining oriler with increasing doses of copper and boron.

Effect of constant dose (4 Kg por acre) of micronutrients
en yield of jowar t-

A constant dose of 4 Vg per acre of each copper
and boron at 4,363 % level of caleium carbonate has given
more grain and fodder yieldsi The yield was highest and
significantly superior to other levels of calcium carbonate
except those of 3,363 % and 1.363 % level of caleium

carbonata.
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CONTENTS OF CUCFER AND BORON I PiM AT 0 DAYS AND AL0
DAYS GRUJTH OF HYBRID JOUWAR.

The plant samples from different treatments
weyrs analysed at 60 days and 110 days growth for co.per,
boron, nitrogen, phosphate and potashe The results were

given in tables 3 and 4,

Contents of copper decreased with increasing
levels of calcium carbonate alone. However, amount of
beron increased with the increasing doses of copper and
boron in combination with lev:ls of calcium carbonate,
concentratior of copper was decrecased where as amount of
boron increased. At a constant dose of 4 Kg per acre
each of co per and boron, the contents of copper
decreased with increasing levels of calcium carbenate

and that of boron increased.

Centents of copper and boren in straw decreased
at harvesting stage as compared to 60 days growth, but
a similar trend of bohaviour was cbserved in case of

concentration of covper and borone

Amount of copper and boron was more in grain as
corpared to fodder. With incrcasing levels of caleium
carbonate alone, contents of coprer in grain decreased
while that of boron increased. A dose of 4 Kg per acre

each of copper and boron at 2.363 % level of calcium



B g o

ONCENTRATION OF COPPER IN PEM

Levels of Levels of copper and boron
Caws L I I
Control Varying levels Constant dose
of Cu & B of Cud& B

0 79456 89.16
1 77.50 82,50 83,73
2 76.23 79456 80.83
3 71,60 75.40 78.33
4 67,50 70,00 74.96
5 54.16 65.40 72,50
VEY TostieSignificant  S.E. Lol GiDeat 8% 3.27

W W W W @ S a W @ W W M @ W W @ W G W e W @ W o oW ® W W W

CONCENTRATION OF BORCN IN PPM

L I R T . I

Levels of Lovels of copper and boron
cacos - - e e e % e @ B W ® e oEm Wm W e W W W o eoWm W e -
Control Varying levels Constant dose
of Cud B of Cu & B

0 42,16 52,33
1 45.41 56,25 46466
2 46,66 56416 48.33
3 47,08 60475 50.83
a 47,91 62408 51.28
5 49,16 65400 52,08
VEY TestieSignificant  G.E. 0,52  CeD.at 5% 1.84
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carbonate is found to be superior in incrcasing the
contents of copper in grain. However, the amount of
boron increased with increasing doses of copper and boron
and at constant levels of copper and boron, contents of
boren in grain decreased with increasing levels of

calcium carbonate.

CONTENTS OF MITRGUEN, PHOSPHATE AND POTASH IN PERCENTAGE
AL 60 DAYS AND LAO DAYS GROWTH UF HYSRID JU.AR.

The data on contents of nitrogen at 60 and 110
days stage is given in table 4 and 7 respectively., From
the data given, it is observed that the concentration of
nitrogen at 60 days growth was found to be decreased with
increasing levels of calecium carbonate. With increasing
doses cof copyer and boron, in combination with incrsasing
levels of caleium carbonate, amount of nitrogen also
decrecased, Similar trend in behaviour was also found in
case of constant dose of copper and boron. However, it is
romarkable to note that the amount of nitrogen was more
in plants receiving micronutrients than in the plants not
receiving micronutrients. Contents of nitrogen in fodder
as well as in grain at 110 days growth was comparatively
lesser than at 60 days growth, and similar trend in

behaviour of contents of nitrogen was observed.



IADLE 4

£l p208 AN K20 AT 60 DAYS GIONTH &

NITROUGEN PERCENTAGE

Loégls of Levels of copper and boron
o Control Varying levels Constant dose

of Cud B of Cu & B

0 1.97 2,01

1 1.88 1.78 1.88

2 1.72 1.49 1467

3 1.56 1.46 1.57

4 1.36 1.24 1.37

5 1.11 1,02 1.06

- -

'F' TestsieSignificant S.E, 0.039 C.Diat % C.1160

PHOSPHOROUS PSACE!
0 0.94 1.01
1 0.88 0.87 1.01
2 0.76 0489 0.89
3 0465 0494 0.76
4 0.54 0493 Ge59
5 0.46 0497 0.50

'F' TostieSignificant Se.Ee 04032 C,D.at 5% 0.0925

CENTAGE

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 3460 3.20
S 3.60 3.90 3.23

- e o o  f OB D DS € WS

YFY' Testiedignificant S.E. 0.114 C,D.at 5% 0.,339)

——- - R




.28.
Contents of phosphate at 60 davs and at harvest stagese

Contents of phosphate at 60 days growth perioed
decroased with increasing levels of clacium carbonate
alone, but with increcase in the doses of copper and boron,
content of phosphate remained mcre or less constant, But,
at constant dose of copper and boron, phosphate contents
daecreased with increase in calcium carbonate levels.
However, amount of _hosphate in plant and grain is
increased when calcium carbonste is applied in combination
with copper and boron than only increasing levels of calcium

carbonate alone.

Anount of phosphate in fodder decreased with
increasing lovels of calcium carbonate alone and when
combined with a constant dose of copprer and boron, However,
1t incrcased with increasing doses of copper and boron when
combined with caleium carbonatzs Contents of phosphate
increased upto 4.363 ° level of calcium carbonate and

latter on it decreased.

S5imilar trend in bohaviour in respect of contents
of phosphate in grain was observed as that of straw at
60 days growth.

Contents of potash at 60 davs and at harvest stage i~

Reverse was tho case in potash content., Here with

inecrease in the levels of calecium carbonate alone and



.”.

cormbined with constant and increasing doses of copper

and boron, the amount of potash alsc increased. However,
its amount were higher with levels of calcium carbonate
corbined with copper and boron than those with levels of

calcium carbonate alcne.

Similar trend in respect of its contents in
grain and straw was noticed. Amount of potash in plant

decreased at maturity.

TOTAL UPTAKE OF COPPER IN MILLIGRAMS PER POT BY HYBRID
JOUAR ( GRAIN + STRAW ).

The result of c¢o;,er conkent in grain and fodder
in ppm as well as total uptake of copper in milligrams per
pot in grain and fodder are given in table $ and have been

graphically reprosented in fig. 3.

Total uptoke of copper decreased with increasing
levels of calcium carbonate alone., Sim!lar trend was
observed with varying doses of copper and beron when
combined with lev-1ls of calcium carbonate. Maximum total
uptake of copper was recorded with a constant dose of copper
and horon at initial f.e, 1.363 > of calecium carbonate add
further reduced with increasing lev-ls of calcium carbonate
and remained more or less cornstant with 2,363 % to 4.363 %
levels of caleium carbunate. Uptake of copper was cbserved

to increase with levels of calcium carbonate combined with



TABLE §
TOTAL Y. TAKE OF

SOEPER
HY AL

GRAMS PER POT OF
(mw_‘m cm%ff- s

TOTAL UPTAKE BY GRA

Lgvels Levels of copper and boron
) O e D e o N .. Bl s B W
CaC0gy Contral Varying levels Constant cose
of Cu & B of Cu & B
- o e, -
Copper Total Copper Total Copper Total
content uptake con‘ent uptake content uptake
in ppm in ppm in ppm
0 40,0 0,400 4C.1 0.639
1 40,8 0,408 45,8 04435 50.0 0.47%
2 3843 04330 43.7 0,495 46.6 0.475%
3 32.5 0e.211 40,0 0.406 43.3 0500
4 2%5.8 0,102 €8 04317 37.% 0.327
-] 2249 04072 30.0 e 32.9 C.245
'F'Testi=Significent S.E.1.28 CeDoatSH% 0,2856
Significant 0,096 3.808
IOIAL UPTAKE DY FODDER
0 35,00 0.665 41.6G6 |1.070
1 33433 0.576 37.5C |0.710 37.50 |[0.726
2 30,00 04501 34,16 |0.714 32,30 |[C.710
3 206466 0.299 26423 |04589 29.56 |0.72%
4 22,50 0.216 25,00 |C.448 24,56 |0,447
5 17,50 04120 21.23 |0.3%2 24,13 |0.377
'F'Testi~Gignificant S.E.0.458 CeD.at 5% 0.1844
Significant 0,062 1.,362%
TOTAL UPTAKE BY TOTAL DRY MATTER
0 1.065 1.709
; 04984 1.145 1.201
2 0831 1.209 1165
3 0.500 0995 1.22%
4 C.318 0765 0,784
5 0,174 0.582 0.622
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application of cop eor and boron. Uptake of cop er was
found to be rore in fodder than in grain, although its
contents was more in grain. Uptake of coprer in grain and
fodder decr-ased with increasing levels of calcium
carbonate alone and combined with & constant and increasing
doses of copper and boron. At 4,363 i level of calcium
carhonate, a constant dose of copper and boronwas observed
superior to a dose of 7 Kg per acre each of cop er and
boron. However, a constant dose of copper and boron at
2,363 ¥ and 3,363 % level did not differ much with 5 and 6

¥g doses of each copper and boron.

JOTAL UYTAKE OF BOACH IN MILLIGPAMC PER POT BY HYBRID JOWAR
( GRAIN + STRAW ).

The results of boron contents in grain and fodder
in ppm as well as total uptake of boron in nilligrams per
pot in grain and straw are giv n in table 6 and graphically

shown in fig. 4.

Total uptake of boron r mained more or less
constant at 1.363 %, 2.363 % and 3,363 & levels of caleium
carbonate alone and decreased with further increasing
levels of calcium carbonate. UWith increcasing doses of copper
and boron at i{ncrcasing levels of calcium carbonate, total
uptake of boron decrecased where as a constant dose f.e.

4 Kg per acre each of copper am! boron at 4,303 % level of

caleium carbonate racorded its maximum uptake which was



IALE 6

TOTAL UPTAIE OF BORCN IN MIL!IGRAMS PER PCT OF
HYPRID JOWAR CSt

TOTAL UPTAKE BY GHAIN

D W - el

Levels Levels of copper anc boron

Of - - o i

CaClq Contral Varying levels Constant dosi
of Cu & B of Cu & B

loron Total Boron Total loron Total
contant uptake content uptake content uptake
in ppm in ppm in ppm

s - - -

34.58 (0.345 36,83 0.478

36,83 (0,368 39,00 0370 46,75 |0.443
37.91 (0,328 40,33 0,462 48,50 |0.,460
39.00 (0,253 43,75 0.444 50,83 0,585
40,25 |0.160 45.41 0,401 51.60 (0.464
40483 0,129 46.75 0,398 51.75 10,387
'FY Tectse3ignificant S.Be0.955 Culeath% 0408627
Cignificent C.029

CHWN=O

TOTAL UPTAKE 1Y FOUDER

0 3.‘.33 00604 36.00 Ce940 33032
1 33,58 [0.581 38433 Q728 33.33 |0.64%
2 36.29 0,603 3%.41 CeBl4 36433 |0.799
3 37.00 0.419 41,16 0823 37.91 |C.935
4 35433 0,306 43,00 0e774 39,50 |0.,725
5 39.16 0,260 44,16 0,735 42,08 |0.643
'F' Testie=Nonsignificant S.E, CJD.at 5%
Nonsicnifican
- "-- -
TOTAL UPTAKE DY TOTAL DRY MATTER

0 0249 1.418

1 0950 1.098 1.080
2 Cl231 1.276 1.259
3 04672 14267 1.520
4 0.466 1.17% 1.189
S 0.389 1.093 1.030
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slightly more than that at 1.363 % level of calcium
carbonate. A constant dose of coprer and boron each of
4 Kg per acre at different levels of calcium carbonate

did not differ much in respect of total uptake of boron.

Untake of boron in fodder was observed to be
com aratively ~ore than ‘n grain. Uptake of boron in
grain and fodder decrcased with increasing levels of
caleium carbonate alone. Uptake of boron in both grain
and fodder increasad with increasing levels of calcium
carbonate corbined with application of cop.er and boron.
With a constant dose of cépper and boron, 4 Kg per acre of
each at 4.363 7% level of caleium carbonato, uptake of boron
in grain was significantly higher over other levels of
calcium carbonate. Uptake of boron in fodder was also

recorded maximum at this level of calcium carbonate.

TOTAL UFTaKE OF NITROUEN IN GRAMS PER POT BY HYBRID JOWAR
( GRATN + _TRAU )

The data on contents and uptake of nitrcgen in
grain and fodder are giv n in table 7 and have been
graphically shown in fig. 5.

T4 was observed that although the dose of nitrogen
was the same in all treatments, yet the percent nitrogen
either in grain or in fodder and the total uptake of

nitrouen per pot wer: quite different,

Total uptake of nitrouen was observed in the



IABLE 7

TOTAL UPTAKE OF NITROGE m RAKS PER EOT OF
BRID JOUAR GO

TUTAL UPTAKE BY GRAIN

- - - - - -

Levels Levels of copper and boron
uGCO3 Control Varying levels Constant dose
of Cu & B of Cu & B
Percent N Total Percent N Total Fercent Total
content uptake content uptake N uptaki
content
(v} 1.22 0.122 023 C.161
1 1.03 Cel03 1.1} 0105 1410 10,10%
2 0.92 0,077 1.C1 C.11%5 1.01 (0,103
3 0.84 0,097 0491 0,090 0.87 (0,100
4 0,78 0,032 (.84 0.074 0,79 (0,071
5 0.70 0,017 0,77 0.058 0,73 [0.5%
'F'Tests=Significant 5eEe0,055 CoDsatdi Q:gfﬁg_
Significant 0,083 0.1636
TOTAL UPTAKE BY FODDER
4] 04,9 0,172 0394 0.242
1 0.84 0,145 0.87 0.166 0,84 |C.162
2 0,77 06127 0,75 0.197 0,73 |0.162
3 0470 0,078 0.68 0.135 0.64 |0.158
4 0.63 0,050 C.57 0,103 0,56 (0.102
-] C.49 0.032 Q.46 0,078 0.51 [0.078

'F' Testi=Significant S,E,0.0288 CoD.at 5% 0,04165
Significant 0.014 0,0767%

TCTAL UPTAKE BY TOTAL DRY WATTER

0 0294 0.403

1 0.248 0271 0.267
2 0.204 0272 0.265
3 0.135 0.225 0.238
4 0.082 0.177 0.173
5 0.Ca9 0.136 0.133
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declining order with the increasing levels of calecium
carbonate alone and combined with increasing doses of
copper and boron, but uptake was more where micronutrients
were applied. With a constant dose of copper and boron,
its Gptake was recorded maximum at 1.363 % level of calcium
carbonate, but the magnitude of decrease was small from

2,363 % to 4,363  levels of calcium carbonate.

Similar trend in uptake of nitrcgen in both grain
and fodder was also noticed., Nitrogen uptake was observed
to be increased with the application of copper and boron

at all levels of calecium carbonate.

TOTAL UPTAXE UF PHOSFHATE IN GHAMS PER POT BY HYBRID JOWAR
( GRAIN + STRAW ).

The data on contents and total uptake of
phosprate per pot as well as its uptake in grain and straw
seperatelyare given in table 8 and graphically represented
in fig. 6.

With the increasing levels of calcium carbonate
alone, and corbined with constant and increasing doses of
copper and boron, total uptake of phosphate per pot as well
as in grain and fodder decreased. However, uptake of
phosphate was found to incrrase with increasing levels of

calcium carbonate combined with application of cop er and

boron.



IABLE B
TOTAL UPTAKE OF P20% IN GRAMS PER POT OF HYBRID
CSHel

IOTAL UPTAKE BY GHAIN

Levels Levels of copper and boron
[+] - - - -
CaCoj Control Varying levels Constant dos¢
of Cu & B of Cu & B
Percent— Total Percent Total Fercent Total
r20% uptake P205 uptake F20% uptake
content content content
0 Cebl 0,061 0,60 0.079
1 0456 0056 Ce56 0,053 0.64 |[0.061
2 0449 0.042 0.58 0,066 0,59 |0.060
3 0444 026 Ce62 0,064 0.49 (0,056
4 0.36 C.014 0.66 0,058 0.44 0,039
5 0.33 U010 0.66 0.051 0.34 |0.026
'F' Testi=Significant S.E.0.114 C.D.at5% 0.01151
Significant 0.00387 0.03391~
TUlak UPTAKE DY FODDER
G 0.68 C.129  0.74 0,192 ¥
1 0.62 0,107 D64 0.122 0.7% 0,146
2 OQM 0.0‘.]0 006(5 0-142 0062 00131
3 0.49 0,071 0,74 0.149 0.53 0.131
4 Cetl 04033 0,73 0.132 0.41 |0.076
% (V%) | 0,021 0.68 0.114 0.31 |0.052
'Y TegtseSignificant S.E.0.017 CeDoatd® 0,05057
Significant 0.098 0.02919%
OTAL UPTAKE RY IOTAL DRY MATTE
¥] U191 0.271
1 0,163 0.17% 0,207
2 G,132 0,208 0.197
3 0.099 0.213 04187
4 ©,047 0,190 0,115
5 0.031 0.165 0.078



0-20

0-1%

o-1¢

o.14

042

o-1o

Torat. Uprake Or B0 In GramMs Per Por
LEGEND
CONTROLE —_—]
INCREASING Cu-B B—7—=rm—=1H
1i - o CONSTANT Cu . BE—re=d
| | T
| __
v — ]
o
o) o
A
c
2
2 - - = S - LEVELS OF CaCOj.
Z "
Z L] -
O@C L] 1] LiJ
_A-J"“"—J _L e L1l
s =
L

i e




- 37 -
IOTAL UPTAKE OF POTASH IN GRAMS PER POT BY HYBRID JOWAR
( GRAIN + STRAW ).
The data on contents and total uptake of potash
per pot as well as its uptake in grain and straw are given

in table 9 and graphically reprcsented in fig. 7.

Total uptake of potash was not affected upto
3.363 /© level of calcium carbonate alone. However, it
decrcased further with increase in the levels of calcium
carbonate., This was also observed in uptake of grain as

well as in fodder.

With a dose of & Kg per acre each of copper and
boron at 3.363 % levels of calcium carbonate, uptake of
potash ‘n grain was observed to be significantly superior
to all other treatments. Total uptake of potash was
observed maximum at 1.363 % level of caleium carbonate
with a costant dose 4 ¥g per acre each of copper and boron.
Total uptake of potash was slightly superior to all other
levels of caleium carbonate except 1.363 % level of

calcium carbonate.

A constant dose of cop.er and boron at 4,363 %
levels of calcium carbonate recorded maximum uptake than
at other lovels of calecium carbonate except at 1.363 % levels.
In case of fodder it was slightly superior, its uptake in
grain and fodder incrcased with levels of calcium carbonate

combined with application of copper and borone.



JABLE 9
TOTAL UPTAKE OF K20 IN GRAMS PER POT OF HYBRID
JOUR S5

TOTAL UPTAKE BY GRAIN

L:vell Levels cof copper and boron
[+ -on - -
CaCoq Control Varyiny levels Constant cose
of Cud B of Cu & B
Percent Total Percent Total Fercent Tota
K20 uptake K20 uptake K20 uptake
content content content
0 1.32 0.132 1.30 0.169
1 1.36 G.186 1.43 0.136 1.95 [0.187
2 1.37 0.11% 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  1.71 [0.154
5 1.49 0.047 1.72 04132 1,74 [0.131
'F!' Testi=Significant S.E.0.,092 C.D.at 5% 0.,2737
Significant 0.039 0.1160
TOTAL UPTAKE BY FOUDER
0 1.49 0,283 1,70 C.438
1 1.54 0.267 1.13 0.214 1.29 |(0.248
2 1.59 0265 1.22 0.253 1.35 (0.297
3 1.61 0.183 1.3¢C 0.259 1.39 0.341
4 1.65 0.132 1.36 0.244  1.49 |0.273
S 1.68 C.112 1.39 0.230 1.58 [0.243
'F' Tests=Significant S,E.0.023 C.Dsat 5% 0,0684
Significant 0,0093 0.02766
TOTAL UPTAKE BY TUTAL DRY MATTER
] 0.415 0,607 0.607
1 0,409 04650 0.43%
2 0.380 0561 0.460
3 0.27% 0.422 0.530
4 0,190 0.388 0,427
S 0.159 Ce362 0.374
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CHAPTER V .
DISCUSSIONS

The experimental findings of the pot culture
experiment in conncction with the effect of different
levels of free calcium carbonat: alone and in combination
with incrcased doses as well as with constant dose of
copper sulphate and borax on yleld and total uptake of
copper, boron, nitrogen, phosphorous and potassium by
hybrid jowar, CSH-l, have been presented in chapter IV,

It {s discussed uncder following heads :e
1) Effect of varying levels of calcium carbonate
alone and in combination with constant as well as increasing

doses of copper and horon on yield of hybrid jowar, CSH-l,

2) Effect of varying levels of calcium carbonate
alone and in combination with constant as well as incrcasing
doses of copper and boron on the uptake of copper and boron.
3) Cffect of varying levels of calcium carbonate
alone and in combination with constant as well as increasing

doges of copper and boron on the uptake of nitrogen,

phosphate and potash.

1) Effect of varving levels of calcium carbonate
alone and in gorbination with constant and increasing doses
of gopoer and boron on yield of hybrid jowar CSHel.

Grain and fodder yields of hybrid jowar, CSHel

in grams per pot have been represented in chapter IV,
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table 2. It is found that the grain and fodder violds
decreased with increasing levels of calcium carbonate
alone. fichest hut same grain yields are obtained at
1.363 7% and 2,363 % level of calcieum carbonate. The
grain yield obtained per pot are 10, 10, 8.66, 6.50, 4.00
and 3.16 grams at 1.363 %, 2.363 %, 3.363 %, 4.363 3%,
54363 % and 6.363 % levels of calcium carbonate
rospectively, with a basal dose of NFX fertilizer. The
lowering of ylelds with increasing levels of calecium
carbonate may be due to adverse effect of calcium carbonate
on increcasing soll pH co sequently low aveilability of
nutrients. With increasing levels of ca cium carbonate
soll pH recorded during crop growth were £.6, 5.2, 8.1,
8.1 and 8.0 at 64363 ¥, 5,363 ¥, 4,363 %, 3.363 ¥ and
2,363 % lovels of calcium carbonate respectively whereas
it was 7.9 at 1.363 © level of calcium carbonate.

The ylelds of crain and fodder obtained are
lower in different levols of calcium carbonate alone
treatments than in combination with doses ¢f coppor and
boron, However, the trend of yield cbtained is in the
declining order with incrcasing levels of caleium carbonate
alone as well as in corbination with increasing doses of
copper an boron. It indica'es a favourable response in
respect of yield with the application of copper and

bhorone
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Copper and boron at higher levels of calcium
carbonate L.c. 6,363 /» lowered the yicld, which may be dye
to the exce s of lime as well as higher dose of 9 Kg per
acre of coppar and boran. Neischlag and Teichmann (1956);
Sadapal and Das (1956) noted an increased in yield of
cereals due to application of minute quantities of trace
olements like Cu, B, Zn, Mn, etc. with NFK fertilizers.
Boron incrcased the yield of jowar by 3% ¥ [Fandya, Yawalkazr
and Ranbir Singh (1955) and Joshi (1996); HRaychaudhari
(19%3) J. Joshi and Joshi (1952«57) reported that the
lower desc of copper sulphate gave maximum yield over other
higher doses., The sare results was obtained by Koraddi
and Seth (1964); steenbjerg (1948). Randhawa (1955),
Scharrer and Jung (1996) and Joshi (1954-6%6) that the
smaller doses of coprer sulphate and borax gave a maximum

grain yield.

From this we can come to the condlusion that
smaller doses of micronutrients i.e. copper and boron can
glve vary good response to yield., Gandhi and Mehta (1960)
sald that crops with hicher contents of boron have

relatively higher requirem!ent for boron.

2) Effect of varving levels of galeium gcarborate alone
and in combination with congtant as well as increasing doses

of coppox and boron op the uptake of gopper and borone
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From the data on uptake of copper and boron in
grain and fodder given in table 5 and 6 respectively, it
is observed that with increasing levols of caleium carbonate,
copper uptake is reduced. This effect of increasing levels
of calcium carbonate is alsc reflected on grain and fedder
yields. This might be due to increased scil pH affecting
the availability of nutrients and consequently the uptake
of nutrients and yleld of crops. However, the uptake of
boron is not much affected with increasing levels of calcium
carbonate and it remained more or less constant at all
levels, Mighra and Sharma (1961) have reported that the
amount of available copper is dependent on the scil pH,
S5imilar results in respect of availability and pH range is
also reported by Kanwar and Singh (1961), Bhattacharjee
(1996), Mathur, Modi and Talati (1964). However, Rai and
Mighra did not observe correlation between available copper

and pH as well as <otal copper content.

Total uptale of copper and boron is slightly
incroased upto 3.363 ¥ level of calcium carbonate in
combination with a constant dose of each copper and boron
as well as their increasing deses over levels of caleium
carbonate alone. At 4,363 %, 9,363 4 and at 6,363 % of
calelum carbonate in combination with constant and
increasing dosas of coppe and boron, the uptake of these

nutrients became comparatively doubled to the levels of
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caleium carbonate alone. large differences in uptake of
boron observed at 4.363 % to 6.363 ¥ levels of calcium
carbonate alone and in combination with increasing doses
of copper and boren, may be due to the beneficial effect
of applied borax. A beneficial effect of borax application
on crop plant and there exi:ts certain balance in the uptake
of copper and boron for normal growth of plants require
small doses of micronutrients, so that they could make use
of other nutrients more efficiently and cconomically
} Midgley and Dunklee, Branchley :nd Warington ; Truninger
(1944) ; Agulhon (1912) J.

3. Effect of varving levels of calecium carbonate
alone and in combination with constant and incrcasing doges
of goproe and borxon on uptake of nitxogen, phosphate and
potash.

A constant dose of copper and horon not only
increcased their uptake but also of nitrogen, phosphate and
potash. Howover, uptake of nitrogen, phosphate and potash
as well as of copper and boron is not increased with
incr-asing doses of copper and boron. A dose of 4 Kg and
6 Kg per acre cach of co, er and boron is found to be equally
superior for the uptake of nitrogen, phosphate and potash
as well as copper, boron at 1.363 % and 4,363 % levels of

calcium carbonate respectively.
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In general, it is observed that utilization of
major nutrionts and of copper and boron is improved with
the application of a constant dose of these micronutrients,
as well as with their increasing doses at increasing levels
of calecium carbonate. However, increasing a dose of
copper above 6 Kg per acre did not reflect much on yleld

as well as on uptake of nutrients,



CHAPTER VI
SUMARY AND CONCLUSIONS.

An experiment was lald out in pot culture in
the Department of Soil Seience and Agricultural Chemistry
with a view to stu.dy the effect of levels of calcium
carbonate alone and in combination with different doses
of copper and boron on yleld and uptake of these
micronutrients as well as nitrogen, phosphate and potash
by Hybrid Jowar, CSH=l. The soil used for this study was
brought from Bhabulgaon block, field No. 94, Punjabrao
Kr shi Vidyapeeth, Akola. Soil was neutral to alkaline
in reaction, hicgh in organic matter and potash. However,
it was medium in available phosphate and nitrogen. Its
free calcium carbonae content was 1.363 %,s0il type was

silty clay loam.

In all there were 17 treatments replicated thrice,
consisting of six (1.363 % to 6,363 %) levels of calcium
carhbonate. These increasing levels of calcium carbonate
were combined with 4, 5, 6, 7, 8 and 9 Kg per acre of
each copper sulphate and borax respectively. A congtant
dose of 4 Kg per acre each of copper and boron was algo

combined with the increasing levels of calecium carbonate.

Grain and fodder yields obtained from each

treatment were recorded. Flant samples at 60 days and
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harvest stage (grain and straw) were analysed for copper,
boron and major nutrients i.e. nitrogen, phosphorous and
potash content. Uptake of th'se nutrients were calculated
by taking into consideration the total dry matter and the
percent content of these nutrients. The rosult of this

study 1s summerized and conclusions are as under.

1) ‘ncroasing levels of calecium carbonate alone,
and combined with increasing and consrant doses of copper
and boron rosulted in lowering the grain and fodder yields.
However, the yields obtazined more with levels of calcium
carbonate combined with application of copper and boron
than only levels of calcium carbenate. Maximun grain and
fodder ylelds were obtained with a dose of 4 Kg per acre
each of copper and boron at 1.363 ¥ level of calcium
carbonate, followed by its 4,363 ¥ level. A dose of 6 Kg
per acre of each copper and boron at 3.363 % level of
calecicum carbonate yielded slightly less than with a dose

of 4 Kg per acre each of copper and boron at 4.363 5 level,

2) Contents and uptake of copper in plants at harvest
{grain + straw) decreased wi‘'h increase in calcium carbonate
alone and combined with constant and increasing doses of
copper and boron also. Reverse trend in respect of boron
content and uptake was observed. Amount of theose
micronutrients were more at 60 days growth than that et

harvest stage in straw.
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3) Concentration and uptake of these micronutrients
were found to be more when levels of caleium carbonate
combined with the application of copper and boron than
alone, Total uptake of copper and boron was observed to be
maxirmum with a dese of 4 Kg per acre each of cop er and
boron at 1.363 & and 4,363 % level of caleium carbonate

respectively,

4) GConcentratlon and uptake of copper was more in
grain than in f{odder, where as that of boron was more in

fodder than in grain.

5) Maximum total uptake c¢f nitrogen and phosphate
were noted with 4 Kg per acre of each copper and boron at
1.363 ¥ level of caleium carbonate whoreas that of potash
was with 5 Ko per acre of each copper and b.ron at 2,363 %

level of calcium carbonate.

6) With increasing levols of calcium c-rbonate alone
and combined with constant and increasing doses of copper
and boron, their concentration and uptake at harvest (straw
and grain) decrcased, whereas the concerntratiocn of potash

increagsed, but it: uptake decrzasad.

7) Congcentration of N, Pplg, NoO and Cu, B decr-ased
with the maturity.

8) Yield and uptake cf N, PoOg, K20 and Cu, B and their
concentration wer: increased when levels of calcium carbonate

combined with the appiication of copper and boron.
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HEEKLY METEROLOGICAL DATA FOR THE YEAR 1972

KHARIE SEASON
Month Metero Rainfall No.of rainy Temp.in °C
logical in mm days/week
week No per week Max. Hine
June 23 C.0 0.0 42,6 27.1
24 18.0 2.0 41.6 25.6
25 26.8 3.0 37.6 25.4
26 71.2 7.0 32,4 2246
July 27 74,2 7.0 29.4 22.6
28 849 2,0 33.6 22.3
29 Ce8 1.0 33.9 23.6
30 0.0 0.0 36.0 23.4
31 83.2 1.0 36.1 23.3
Aug. 32 040 0.0 32.7 22,9
33 16949 5.0 2842 20.7
34 6345 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
37 517 3.0 31.7 21.3
38 0.C 040 35.4 20.0
39 0.0 0.0 35.4 151
Oct. 40 0.0 0.0 35.4 18.6
41 0.0 0.0 355 16.0
42 040 0.0 36.9 18.7
43 040 0.0 34.4 18.8
44 21.6 1.0 2949 18.0
Nov. 4% 0.0 0.0 3. ol 11.9
46 0.0 0.0 32,7 12,95
47 040 0.0 32.1 13.1
48 00 0.0 2949 13.9
Dece 49 0.0 0.0 2948 12.8
90 3.1 1.0 29.9 13.8
51 0.0 0.0 31.9 12.2
52 0.0 0.0 36.7 15.9



JABLE 20

SOLL pH AT VARIOUS STAGES OF HYBRID JOWAR CSHe)

eH AEITER 30 DAYS
Levels Levels of copper and boron
o
CaCCy Control Vaqlng levels Constant dose
of Cu & B of Cu & B
0 7.7 7.8
1 7.8 7.9 79
2 8,0 8.0 8.0
3 8.1 8.1 8.1
4 8.0 842 8.1
5 8.5 8.5 8.5
pH AFTER 70 DAYS
0 7.8 8.0
1 7.9 8.0 7.9
2 Te9 8.1 7.9
3 8.0 749 8.0
4 8.1 843 8.2
5 8.8 8.8 8.8
pH AFTER HARVESTING
0 7.9 8.0
1 8.0 8.1 8.0
2 8.1 8ol 8.0
3 8.1 8.3 8.1
4 8.2 8.4 8.2
5 8.6 8.6 8.4
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