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Introduction: The establishment of essentiality of certain
elemehts in minute quantities in the nutrition of plants led to
an extensive study of micro-nutrients during the past few decade. As
a consequence of recognising their importance, considerable attention
was paid to their practical utility which promised great potentialibies
not only in the solution of problems of nutritional disorders in crops
but in the matter of increased crop production. Crop failures that
often oceur in many regions may perhaps be attributed, at least
in" part, to a deficiency of micro-nutrients. Tor Indian crops
and soil conditions particularly, information is lacking on micro-
nutrients. '

Among the micro-nutrient elements, Boron, Copper, Manga-
nese, Zinc and Molybdenum are perhaps the most important. Very
minute quantities are required $o perform important functions in
plant nutrifion. Further, small amounts of them are enough to
plants to restore themselves from specific abnormalitiesand impaired
physiological functions caused by their deficiencies in the nutrient
medium. Thus Bertrand (1805), Warrington (1923}, Thumberg
(1934) and Arnon and Stout (1939) proved that Manganese, Boron,
Zine and Molybdenum respectively play various essential roles in the
plants’ metabloic activities and their absence causes specific deficiency
symptoms in plants. '

In a similar way quite a few workers have reported on the
copper status in plants. The development of Bordeaux Mixture in
Trance with Copper Sulphate as the principal active component was of
great help to combat the diseases that had invaded valuable vineyaxd.
Tn Florida, its application helped not ouly to control devastation by
insects and diseases but also acted as a stimulant to trunk crops.
Soil dressings with copper sulphate were adopted in Holland to
combat “Reclamation disease” and in U. 8. A. to make muck soils
productive and induce greater yields in silt loam. In synthetic
fertilizer industry too, it is becoming increasingly common now-t-days
to add Copper and such other micro-nutrients along with the main
ingredients of Nitrogen, Potassium, and Phosphrus. -
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Ag emrly ag 1914, Brenchley proved that ﬂthnugh copper:
normally acted as a poison o ligher plants, under spedial :fnn{htmnnf
and in very great dilations, it showed stimulatary action. IIarrr:lt)n'.
and Subramanya Aiyar (1917) recorded from pot r'ultule ﬂtudms, an
inerense of ten to thirty pereent in grain :,r:{,lt]s-: of pacl{'iy ns o msult'
of irrigating with copper sulphate one in 20,000 (50 pﬂrth ey llllﬂlf-‘m] '
MeHargue (1923) found the range of copper to vary widely- hﬂtrweah_
traces and fortysix parts per illion in varions plants, P]amtq
respond to suitable copper treatinents (Millers, 1038). showing INCroase
in vigour, yicld, quality and contyol of chlor sis. A l:‘DIIb.TE]EIHl}]E'
inerease in the growth of flax, tomatoes, and sunfllower was tuﬁectad
by additions of small amount of Copper (Sommer 1931). Llpmzm
and Mackinexy (1931) observed that flax and barley in water cultures
failed to produce seed unless a small. quantity of copper w as present. -
~ Tokuoka and Morooka (1937), (1038) found 05 parts per million of
copper rendered rice plant sterile and one part per, willion uf copper
was sufficient to kill them completely. Brenchley {1‘]38} studied the
toxie range of coper and its effect on barley roots. Besides gmmral
depression in growth, the roots wers short and bunchy. Castillo
(1940) working on upland rice in the Philippines found from pot
cultures that three pounds of copper sulphate per acre foot of soil
was opbimum for increasing grain vields. It was noficed at Agri-
cultural Research Station, Tindivanam that groundnut crop spraved
with Bordeaux Mixture as a prophylactic measure against * Tikka
leaf-spot diseases grew vigorously -and gave better yields than
unsprayed crop. But no systematic work has beefi made in India,
especially on the micro-element nutrition of plants with particular
reference to Copper. Hence an atbempt in this paper is made to
present the resulfis of o systematic study on the role of copper in the
nutrition of the major millets of Madras viz., Cholam, Ragi and
Cuambu.

Material and methods: The main crops f-‘nc-sen for the study
were Sor glmm, Sorghum - vulgare Co. 12, Ragi ( Eifm:-mf coracand)
Co. 1, and Cumbu (Penniselum typhoides) Co. 4. Ph\*smloulml
studies on the effect of varying doses of copper were made on
germination, plant height, leaf/arvea, H-::rwenrw dry matter production
and yields of earheads, straw and root. Chemical studies were made
by determining the changes in the chemical composition at various
stages of plant growth due to different concentrations of copper, and
also the interrelations of various elements with copper. Reducing
sugars werc-also determined at the active yegetative stages,  In the
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case of germination twenty clean petri dishes containing 150 grams
-of pure washed sand were used. Calculated quantities of copper were
‘applied in the form of copper sulphate solution so as to make 0, 10,
20, 50 and 100 parts per million in the medium, and the sand was
allowed to-dry. Hundred seeds were sown in each dish and the
germination  test  was replicated four times. . Seeds were kept
at 30° C, for germination and counts were taken at the end of
tien days. '

Studies on growth and yield were conducted in glazed pots
10" x 10" containing 16 Kilograms of washed river sand sieved to one
millimeter diameter. The sand was washed a number of ftimes
thoroughly with a mixture of hydrocholric acid (29 ) and 0°1%
Oxalic acid. Dilute copper sulphate solution containing calculated
quantities were applied to washed sand so as to make the medium
have different concentrations of copper viz., 0, 10, 20, 50. 100, 200
and 500 ppm. The layout of the experiment was replicated six
‘times. 25, 15 and 25 seeds per pot were sown in the morning in the
case of Cholam, Ragi and Cumbu respectively. After germination,
plants were thinned to a snitable number. Suitable culture solutions
were prepared and applied to the respective crops. Thus Cholam
was raised using Jacobson’s solution (1925) ITI R, S, Ragi with
Kempton’s solution (1943) and Cambu with Arnon and Hoaglmld’
solution (1940) respectively.

Jacobson’s solution per litre (1M 10 ml).
K NO, 540, Mg 80, 135°0., Ca (H, PO,), 0.63239 gms., Fo S0, 0'5%,
plus Tartaric acid 047 - 0°G., pH 6-3.

Kamptoﬁ’s solution per litre (M/10 ml).
Ca (NO,), 39°8.,, K NO, 2996, (NH), S0, 19-98,, Mg S0, 1903,
KH, PO, 22:02., Fe SO, 059, plus Tartaric acid 049, - 0-6.. pH 640,

: Arnon and Hoagland’s solution per litre (M '10 ml).
K NO, 10:0., Ca (NO,),. 30°0., NH, H, PO, 20:0,, Fe SO, 0°57, and
‘Rartarie acid {I'-L'j!,; - 0°6., pH 567,

Each experiment was laid in four sets so as to remove the
plants for study at the four important physiological stages of
growth viz,, seedling, vegetative, flowering and harvest. Growth
measurements were recorded by taking height at, intervals of seven,
fifteen, and twenty days for cumbu, cholam and ragi respectively.
Data on leaf-areas were colleeted by deriving the product of the
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contral length of the leal third from the top, and the 1)1‘_&&1‘(]1;;1;’-_r;a'ﬁ:;'_'t}_i{j-
middlo of the leal and expressed in 1/K square centimoeter units
where *J5° is the leaf Iactor. At the end of cach nI.".thE'.f_f{mj;
physiological stages fresh weight of plants were taken.” Data on” dry
matter production (weight of whole plants) were a]ﬂa'-__.p'o]lt:_-:_:tﬁﬂ..‘at
these four stages for all the three erops and earhead yield: Llrﬁta.:_jvegq

vollected at the final stage.

Solution culture studies were conducterd to find out iron-copper
relationship varying copper concentration in fthe nutrient medium,
from 0 to 01, 0°5., 1°0, 2°0 and 50 ppm. The orop cumbu was
taken up using Arnon and Hoagland’s (1940) culture solution.

Chlorophyll estimations were carried out at vegetative stage
on all the three crops receiving 0, 20 and 50 ppm Copper in sand

cultures.

For the purpose of chemical analysis the leaves were sampled
for estimation of Nitrogen, Phosphorus, Potassium, Calcium, Magne-
sium, Copper and Iron. TFor the estimation of micro-nutrients
approved methods were employed as given in A. Q. A, C. (1945).
Special precautions were taken in the collection and preparation of
plant samples for the determination of copper and iron. The plant
material was scissored to two millimeter bits. Grinding the samples
and use of copper ovens were avoided to prevent the chances of
contamination-of iron and copper. Samples were kept in paper .]_mclcets
in aluminimum trays. Analysis of copper and iron was carried out
following the methods recommended by Piper (1051). Copper was
determined by the use of triple acid digesfion, followed by ammonium
citrate and extraction with dithizone in carbon tetrachloride.
Further digestion of copper dithizonate with perchloric and sulphuric
acid was followed by neutralising with ammonia and after further
reaction with sodium diethyldithio carbomate reagent copper was
oxtracted with amylaleohol 'and compared with standards (as
low as “001 mg copper). Similarly for iron after wet digestim,z and
malking upto 100-ml, the digest was dry filtered and using p.Hydroxy
phenylglycine and dd’' dipyridyll, redcolour was developed using
ammonia and ammonimum acetate. Standards were used for the
determination.

I{aﬁuchig sugars were estimated colorimetricall '

) : . v by.the method
of Somogyi (1939) as modified by Moyer and Holgate (1945) (1946).
The method consisted of extraction of sugars by methyl aleohol and
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_then using Somogyi’s copper reagent and Nelson’s arsenomolybdate
reagent, blue colour was developed and estimated against standards
by the use of Klett Summerson photoelectric colorimeter.

Results and discussion: The results of germination are furnished

below 1+ —

Germihation !

Confirol
10 ppm
20 ppm
50 ppm
100 ppm

Cholam Mean Percentage 960 978 985 848  TI'5

_ o, on Control 10000  101-8 102:6" 883 810
Ragi Mean Percentage 898 9010 948 820  GO'5
9% on Control 1000 1024 1055" 9024 674

Cumbu Mean percentage 860 80-0 758 668 515
. % on Control 1000 936 881 °~ 776 601

""" — Significant at 1%

Germination is found to be improved at 10 and 20 ppm Copper
to the extent of 18 and 2'6 percent in Cholam and 1'4 and 55
percent in Ragi respectively., At higher- concentrations, germination
is depressed. On the other hand, in the case of Cumbu 20 ppm
copper is found to depress germination significantly.

These observations are in line with those reported by other
workers. Evans (1048) found that copper at 1 to 2% depressed the
germination of oat seeds soaked cven for a short period of fiteen
minutes. Similar observations were made by Mosheov (1938).on
wheat (Twiticum durum). At lower levels of copper viz., 10 and
20 ppm the effect was stimulating. Poloshchuk and and Negovelov
(1936) improved the germination in sesame seed by copper sulphate
solution. Naundorf and Oliver (1949) reported that in presence of
copper in low concentrations improved the germination of old wheat
seeds. Thus, the optium concentrations for improving germination
tend to be different for different seeds.

"The data obtained on growth expressed as height and dry
matter prmluctmn during the different stages of the crops are I}rusanted
below in a condensed form.
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Growth : Plant height and dry maller production ;|

Condensed dala on mean plant height . (in G'i'rﬂ-g-__

— i P
| £ g 2 - B B gy
Crop Days old "E & 3 = g‘ g’
| § = s .= 8§
Cholam 10 1347 13'68"° 1270 963 - G715
" 20 26:62  26:80%* 2505 1975 1336 .,
. 30 32-15%* 8188 8033 2868 2455 L.
. 66 54:52%* 5072  50'83 3123 1892 ...
“ 05 76-28  T81TY* 7592 T1:52. 4588 ...
b 120 81118 8837 89407 86:75 - 65'88: ...
Ragi 157 7-187F 632 337 355 245 .
30 31°60°* 30'53 2797 24'28  24'37
50 58'45 ~ 53'60 4848 43928 8277 .
n 104 64-48  T24TT* 7020 G083 5828
Cumbu 23 62:30 6312 64°22°7 G0-48 5503 3810
” 30 T1:07. 7670 79:25°°°76:85 = 7013 5272

s+ 42 1071157 106°1- . 1026 98T . 060 751
i 51 1176%* 1142 11839 11006 11071 903
60 1179 123:3*%  121'8 1197 1176 1002

Siguiﬁ{mnt: at 1%

Condensed data” on dry malter prodaelion (iw groams).

3 B = = E =
Crop Stage < > = & & B
S = & .8 8 S
Cholam.  Seedling 092 143" 115 080 080
. Vegetative 1948”7 17-08" 1567 000 230
Flowering 4192 = 3933  42'25 41°33 1758 ...
Harvest 4000 5950  60-58" 49-33 8475 ...
Ragi Seedling 975  6°50° 633"  4'33 . 9295
- 4 . - Vegetative 25-83" 23:67- 2225 1908 = 709 :
5 Tlowering 5583 5517 5658 5802" 2495

Harvest ~ 54'67 ~ 56:92  52:00 _57-08” . 3417
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w10

Copper 50
_ = z g = g 8
Crop Stage =4 = = = =Y ¥
| S . % & 8 & §
Cumbu. = Seedling 040 0-28 0- 33 0-30 0-32 010
25 Vegeta,taive 748 T-82 978" - 915 6-80 245
i Flowering™ 5717 51°43 4202 41-58 4068 14°88
3 Harvest 20600 112:75 11873 120070 110:77 S8-88
Bignifieant at 19
Yield : " ( Condensed {lata )
(Shoot/Root/Expressed as % on Cnntrai}
Control IG Ppm 20 ppm 50 ppm 100 ppm 200 ppm
Cholam Co. 12
Shoot 1000 1524 1584 1320 . 965
Root 1000 1475 229°3 103-0 81-2
Ragi Co. 1 ‘
Shoot 100-0 1081 1021 106°7 627
Root 1000 0940 - 95'3 92-9 690
| Cumbu 0o, 4 .

Shoot 1000 1008 981 952 764 14
Root 1000 1110 144°1 145-3 1602 2956
Lar head

Cholam Co, 12 Ragi Co. 1 Cumbu Co. 4
% on | % on | fo on
Gram -, 1  Gram Control  Oram oo 1
Conftrol 292 1000 24:00 1000 . 093 1000
10 ppm Cu. 342 117-1 2475 1031 G-60 111-3
20 ppm Cu. 425  145°5” 2150  89°6 T3 1303
50 ppm Cu. 300 1028 25'33  104-5" 767 1293
5. 100 ppm Cu. 1'60  54'8 1468 612 755 1273
G. 260 ppm Cu. .. " 448 755
Significant or not Yes at 1 4% Yesat 17,. Yes ab 1 {-..
C. 1. 163 Gm. 7-38 Gm., 2-51 Gm.
(55°79) (30°89,) (42:33)
Ranking 3241535 12185 9456210

Height :  (Vide graph).
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Cholam »  Growth rvepresented by leight is -'f'qq‘f;g]";;-F't"r_g__::{_ljje
aceelorated upto twenty days in ten and twenty parts per million ‘of
copper treatments and upto thirty days in fifty and ]Iitl'ndrc,i‘]__l':pa_rﬂﬁ
per million of copper and then a fall is noted #ill about 65 days
Onee again the growth is found #o increase in freabments of ten
to [ifty parts per million copper. A steady growth without
fluctuation is seen in hundred parts per million copper trt:at-mm_‘ntr,-

Ragi - Here growth is found to be accelerated upto 30 days.
Thereafter i1 the flowering sbtage growth is much depressed.
However, there 1s an increased growth after flowering under
treatments of 10, 20 and 50 ppm copper concentrations.. Plants
under 100 ppm. copper show steady increasc in growth from seedling

to harvest stage.

Cumbu: Growth is found to be accelerated upto vegetative
stage. with o subsequent retardation upto the flowering stage.
Thereafter a rise is noted. The degree of stimulation in growth
during the early stages is more pronounced in lower concentration
as compared to higher concentration of copper.

It is thus seen in gencral, that in the case of Cholam .and
Cumbu there is a stimulation in height under low concentration
of copper in the growing medium at the seedling and harvest stages
while in the case of ragi, stimulation is discernible only at the
harvest stage.

Copper is observed to influence growth by accelerating the
seedling and post-flowering stages though it is normal to expect
a meodification in growth-rate during the central grand period of
growth (Blackman) (1919) (Reed) (1020). The data gathered in
the present study indicate, hiowever, that it is not so, ab least in
regard to the effect of copper upon the growth of Cholam and Cumbu:

The observations on the stimulation of growth, pnrhimﬂﬁﬂy,
between flowering and harvest stages are in line with &hat of
Tokuoka, Matua and Syusin Gyo (1940) who fourd t—.li.-xt the plant
height: was favoured by as much as fifty and twenty parts per million
of copper in the pot experiment on wheat using soil.

Leal area :  Stimulation due to nup;_:nef is seen reflected in all
the three crops. Both Cholam and Cumbu show an inerease in leaf area
by 17:8-and 56'0 percent at the seedling stage due to 10 ppm. -copper.
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The differenves get narrowed down at harvest stage. Ragi shows
- a difference from Cholam and Cumbu as was noticed in plant height
as well. Only a 4% increase due to 10 ppm which becomes minus 2%
at harvest stage.

Increased leaf area due to copper has also been observed by
Lal and Subba Rao (1954) in barley, maize and paddy.

Flowering : The following extract represents the data on
the time of Howering (in days) in the fhree crops.

—_ - = =

o g = = (=3
= B B =9 =h & (=

'ﬂ 'F"—|_ ﬁ_. p"’. s -
2 5 o = = 5 = g S = =~
o o = RO B O =0 RO

—_— - T——

Cholam Co. 12 60'38 5920 5880 5887  59-72
Ragi Co. 1 8082  84:68 8402 8558 8557
Combu Co. 4  42-00  42-35 4323 4382  41-17 40-08

Copper appears to induce flowering earliness by a small extent
of one day in 10 and 20 parts per million copper, in cholam and ragi.
Though statistically significent, it is foo small to become
agronomically important. Bailey and MecHargue have nofed a
retardation of flowering to a great extent when copper was deficient
in tomatoes but clear evidence is lacking on any definite effect of
copper in hastening flower produetion in any crop.

Dry matter production: Cholam : Growths of cholam in terms
of dry matter production is scem to be lowered under all the
concentrations of copper between seedling and flowering stages. After
the flowering stage, growth is found to be improved considerably.

Ragi: Growth in ragi as expressed in terms of dry matter
production is found to increase steadily at all levels of copper
concentrations. Suppression of growth seen at the early stages is
found to disappear by the flowering stage.

Cumbu : Growth of EEEBT? is found to improve between
seedling and vegetative stages. The intensity of acceleration in
growth is due to 20 and ‘50 ppm copper concentrations. Till the
flowering stage, growth goes down considerably and thereafter
a fapid rise in growth is noticed.
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"Thus the thiee crops appear to have somewhat differently “in
their response to copper.

The optimum concentration in fhe growing mediam . for
Cholam, ragi and cumbn are found to be 20, 50 and 50 ppm
respectively.

Coming to final yield 10, 20 and 50 ppm Copper improved  the
shoot weight in Cholam. Roots and earhead production was also.
improved at 10 and 20 ppm. 100 ppm. Copper was found to he toxie
affecting the yield of shoot, root and earhead.

In Ragi 10 and 50 ppm copper eflfected incréase in shoof
weight. The same levels increased the yield of earhead. The root
yield was affected at all levels of copper: ' |

Shoot weight was not found to be improved by copper
application. But the root production was found to increase due to
20 and 50 and 100 ppm of copper. The optimum level for increa,sing
the carhead yield was found to be 20 ppm. Toxic limit was noticed
at 200 ppm on level.

Summing up, twenty parts per million concentration is found
to be favourable in improving the yield of cholam and eumbu while
fifty parts per million is beneficial to ragi.

_ From the results obtained there appers to be some alnﬁiug
down in the drymatter yield between the seedling  and ﬂaweﬁng
stages. This trend was noticeable with regard to variation in height
also. Plant height and dry matter production are two important’
attributes of growth. Copper appears to have the effect of ai_crwi'ng
down the rate of growing temporarily during the -active period of
plant growth. The exact relationship of copper with increased
yields at the final stage presents a problem for future inveatigntibﬁ. -

The effect of copper in improving yields and dry matter
production are in line with, Churchman, Russell and Manns (1936)
who obtained an increase of 4399 in tobacco and 17-99% in cotton by
the use of mixed fertilizers containing fifty pounds of copper sulphate
per ton of fertilizer. Others like Tokuoka, Matuo and. Singen Dyo
(1938) obtained increase in rice yield, Burger and Truﬂg'h (1948) in
sweet corn and Forsee (1940) in Sorghum, | .

Yo LR Uﬂ'ﬂfriﬂlﬂﬁd-



