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Tomato nlents, var. John faer were grown in quartz sand

under Plent Science Cre-nhonse conditions (av. terreratare

T

60 derrees T and ev. 2ay lenctlr 10:42 lLiours) at Iichican State

.
»

V
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University, Lansins, idchi~an. Zoarlend and Arnon (1950)
solution were used as a source cf nutrient sunply in the
exneriments invelvinsgs trhe use of two growth re~ulators narely,
maleic nhvdrezicde and sibberellin,

Trhe investirations were conducted to determine the
e7fect of variovs concentrations of the two gsrowth reclators,
when nsed e2s a Toliar 2nnlicent on the rrovwth and svbseanent
dovelonment of nlents, Analyvaes were plco condreted for
nitrocen

y nhoernorng, =ot-gsinr, coleivm, m-rmesivm, iron,

vormm, mrncanage, cnonor and zince content of pnlants.
Tre concentrations vaed were 10, 50 ond 100 nnm of

naleic yrdregicde (0 7) ~omd 100, 250 2nd 500 nom of notassium

~itberellate,

]

‘eriodic me~surerents of height, stem diameter, nurmber

ju.

: o

of leaves, size of the larrest leaf, and fresh and dry

weichts of tong and roots were made for trested 2and check

V]

nlants. The mnercent mineral cornosition was deftermined and

also the nnfele of difTerent minerals were crlculated

rerindically on the hrsis of drry wei-nht ver nlant,
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T'he data indicated that maleic hydrazide treated nlants
suowed growtn inhibition in all cases irresnective of tlie
rate of arnnlication. Ilowever, root frowth enneared to be
affected more than shoot frowthis. Treatment produced a creater
inhibition with 50 and 100 p»m as compared to low rate
annlications of 10 p»m wihicn caused only a temnorary crowth
inhibition. Plent analvses indicated hirfhly sienificant
differences between the treatmnents for percent comvosition
and urtexe of various minerals. Iowever, all mineral analyses
showed nirh values in favor of the check plants followed by
10, 50 and 100 »nnm treatments indicatins the marmitude of
the netabolic charnces resulting on account of the maleic
hydrazide treatment.

Foliar anmlications of ¢ibberellin, on the other hand,
affected the growth mechanisms of the plants in such a way
that stimuletion of growth was observed for the treated
plants. The data indicated that the ma-mitude of elongation
of vlant parts was related to the concentration of the
compound used., These ¢rowth differences can be explained
by the fact that the hich apnlication rates caused the
vlants to increase their untake for water and rotascium as

comnared to low rate treatments. Ilowever, no significant
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differences were found in the size of the larcest leaf or

the nurber of flowers between the various treatments. A
simificant decrease in number of fruits wos found in all
~ibberellin treated nlants in comparison with the c:eck plants.
Gibberellin treated nlants indicated chlorosis and white
natckes on the 10-12 lower leaves wiich may be due to lowver
rercent or total untalre of iron or moncanese. The fruits
produced tyry the sibberellin treated vlents were malformed,
russetted and smaller in size whereas the frmits of the check

plants were early o21d free from tiese defects.
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INTRODI'CTICN

Since th= very beginning of the history of vlant
science, man has endeavoured to understand and control
plant growth. Discoveries of hormones and growth regulators
in recent years have broucht a better understanding of
plant growth and mechanisms involved end is ra»nidly
becoming a part of our arricultural economy.

Althourh many inorganic and organic comvounds avplied
externally to vnlants may result in visible growth responses,
all those physiologically active substances that are recog-
nized as having frowth regulatory nroverties are orsanic.

A common characteristic of these comvounds is great potency
in inducing or repressing some growth vrocess in the vplant,
which may be manifest in a diversity of responses.

Many of these compounds actively induce multiple
resnonses thourh perhaps to different derrees; others are
more svecific. Often the effectiveness of the growth regu-
lator for inducing a svecific resnonse is conditioned by
the decree to which food reserves are available and are
mobilized or demobilized in various organs. Since the
effects of these chemicals as they alter the metabolism
of intact plants and induce changes in composition are
frequently pronounced, they deserve more consideration.

Visible changes induced in mornhology, growth, maturity
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and color may be accompanied by changes in chemical
composition.

Two anvroaches to the mechanism of action of plant
resulators have been used. Cne concerns the changes made
by the reculator upon the morpnhological and anatomical
structure of the plant, and the other involves a study of
induced changes in the chemical comvosition of the vlant.
More progress has been made in studying the morphological
and anatomical changes and also the changes in carbohydrates,
ovroteins, amino acids, and vitamins induced by growth regu-
lators, but very little work has been done on the mineral
uptalze of vplants and as such deserves more attention.

It was thought advisable to select two compounds
diversically o»nvnosing in their physiological activity in
order to determine their influence on growth, development,
and mineral uptake. TFor this exveriment maleic hydrazide,

a potent inhibitor, and gibberellin, which increases growth,
were selected to determine their influence on growth,

development, and mineral uptake of tomato vlants.
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REVIEY OF LIT=RATURE

1. Faleic hvdrazide (371):

The inhibiting effect of maleic hydrazide on plant
csrowth has been known for some time. This material has been
successfully used to check sprouting of potatoes and onions
in storace. In hiesh concentrations, this chemical accumulates
in the meristem of herbaceous plants and checks crowth
complétely and the plant dies, hence it's use as an herbi-
cide.

The inhibiting effect of MH on growth of vlants has
been reported by various workers. Greulach (1951) treated
Earliana tomato nlants with 10 to 2000 ppm IH and found
that dosace of 10 to 1000 »nom did not produce any sieni-
ficant inhibition whereas 20CO pnm inhibited growth to about
half that of check plants after five weeks. ‘There was no
effect of any treatment on leaf develonmment or stem diameter.

In another experiment, Greulach (1951) investicated
the effect of 0.2 percent Il on various agres of tomato
plants and reported that increase in stem diameter of plants
3, 4, and 5 weeks o0ld at the time of treatment was inhibited
in nrovnorticn to age with maximum inhibition being in 3 week
0ld plants. Stems of 6 to 7 wecls old plants were not inhi-
bited. Plants treated with ii7 had a hisher shoot/root ratio

and more pronounced in the youngest nlants,



Shoene, et al. (1949) showed that I'H apnlication at
0.2 percent inhibited growth of tomato plants for two months
and later the growth resumed from lateral buds and the plents
bloomed,

Naylor and Davis (1950) appnlied 0.05 to 0.4 percent I
plus wetting arent as a foliar spray to oats, wheat, red top
grass, corn, peas, pecanut, sunflower, cocklebur, tomato,
tobacco, and cotton and found the following similar effects:

a. Cessation of activity of terminal meristem.

b. Cessation of eloncation of internodal recion.

c. Increase in stem diameter,

rialeic hydrazide ray inhibit srowth of trees as well as
small plents. Bynum (1952) renorted that 0.1 to 0.5 percent
solution of I inhibited growth of Cleovnatra manderines and
sour oranses. Similar renorts have come from Iizmner and Rai
(1958) who also have shovm that high concentration of I.H
inhibited the growth of various ornarmentals and shade trees.

Currier and Cr~fts (1950) revorted that I at 0.27 plus
0.024)5 Vatsol annlied to barley killed the plants in six weeks.
Cotton (var. Acala) 5 weelks old appeared vnaffected. Cotton
in cotyledon stare was severely inhibited but plants 16 inches
hich shiowed no anparent response. Young water crass, Ichino-
chloa Crus-galli, and Johnson ¢rass treated with [ stonmned
growing, develoned aﬁthocyanin niementation and died. The

ace of the plants was susrgested critical with youngs plants



most suscentible to maleic hydrazide.

Py usine standard pea growth test, Leonold and I{lein
(1951) investicated the action of I7I on growth. ‘hey reported,
"'Hd was found to be a growth inhibitor. In absence of auxin
it inhibits growth at concentration as low as 0.1 mg./1.

Since it is avvarently incapable of promotings growth in the
absence of auxin, it is not a growth regcvlator. The inhibition
of growth by low concentration of [l is completely relieved

by the addition of auxin. Conversely inhibition of growth

by hich concentration of auxin can be relieved by the addition
of IH", 3Since they could not find any evidence which would
indicate that the inhibitor acts directly combining with auxin
in vitro they concluded that I'H is an anti-auxin and acts in
onposition to auxin in growth,.

Activity of I'H on root growth has also been studied by
various workers. It has been reported by Choudhri and
Bhatnager (1952) that IH spray at 1 to 10 pom stimulated root
elonfation of corn seedlings and concentrations of 500 pn»m
and higher were inhibiting. Similar resuvlts were also reported
by Bertossi (1950) who showed throurh the llacht test that NI
up to 29 pom inhibits growth of white lupine seedlings, while
0.226 to 14.5 opm promotes the growth of lateral roots with
optimum concentration of 3,62 pnrm.

Carlson (1954) revorted tihat the retardation of shoot

and root growth in oats, soybean and maize by foliar apnlicetion
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of I'H is due to inhibition of ritosis. Ile also reported that
the frequency of mitosis of the growing tissues drops quickly
after 1'H treatrent, This is substantiated by Smith, et al.
(1957) who used radio-nctive I'He They revnorted that the
concentration of III was hirhest on growing tips and buéds.

Comvton (1952) worting on the effect of III on growth and
cell division in pea plant found tihat the effect of INH on
cell division is not coincident with its effect on total
growth, Based on percent mitosis in treated plents as
comnared to controls, there was a ecreater nercentarse mitosis
in shoot tins than root tins of all plants., In those plants
in which mitosis reapneared after a period of comvlete inhibition,
the greater percent of dividings cells occured in shoot tips,
indicatine that Ml has a rore pronounced effect on cell
division in roots than in shoots.

The influence of I'H on color and shane of leaves is very
characteristic. Andersen, et al. (1950) reported that I
anplied to leaves of wild oats six inches hich at 12, 24 and
36 pounds ner acre darkened the foliare in ten days and
killed plants in 5 to 6 weeks.

Currier, et al. (1951) found that barley leaves became
thicker, riore brittle and sticky drops of exud~tes appeared
after treating them with I'H. Gifford (1956) found that by
the second week after treatment with IH, barley plants were

stunted and the leaves which were relatively mature at the
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time of treatment became much greerer in color, thicker and
more brittle than those of untreated plants.

Barnard, et al. (1950) reported that the hicher dosare
of I'H caused leathery distorted outer leaves in lettuce.

Callachan and Van Norman (1956) workine on the effect
of IH on nhotosynthesis, sprayed 0.0375 srams FH/liter and
3,0 prams IH/liter as amine salt on Swiss chard in the
cotyledon stage or in 2-3 leaf stace and tobacco plants in
the 5-6 leaf stare. Oxygen evolution was measured mano-
metrically. Leaves developing after treatment were noticeably
daricer green than checks with fewer chloroplasts per
ralisade and snongy parencnyma cell but with a larcer dianeter.
Photosynthetic rates were sieonificantly increased after I'H
treatment. The increase in photosynthetic rate was
spectacular at the lower rate of treatment althouch little
effect on dry weigpht, respniretion rate and chlorophyll
concentration was evident. At the hirher rate of MI treat-
ment the depressed resniration and higher chlorovohyll content
may account for a part of the apparent increase in nhotosyn-
thetic rate. At the lower concentration used here, however,
there was little obvious moroholocical change in size or
shape of leaves. The measured increase in photosynthetic
rate seemed to be a modification of the vhysiolocy of the
individual leaf cells, They did not surcest as to how the

observed changes were broucht about. EHowever, the great



change in rate pver unit of chloronhyll was suggested as an
alteration in the photochemical mechanism of photosynthesis.
The low ligsht intensity was used to contribute to that
sugrestion.

As recards the influence of I.H on flower formation,
Greulach (1951) reported that 100 to 1200 ppm did not pro-
duce simmificant inhibition of tomatoes., The 2000 ppm level
inhibited growth about half of check after 5 weeks and caused
a reduction in number of flowers. Klein and Leopold (1953)
reported that Il inhibited flower formation in winter barley

5

at a concentration as low as 4 X 10 “M. Similar inhibition
of flover formation has also been reported by Struckmeyee
(1953) in croft 1lily and by Burr in sugarcane.

Ciferri (1951) reported that flowering of Virginia
brisht tobacco was retarded for 7.3 davs at 100 ppm, 8.7
days at 200 pom, and 10.7 days at 400 ppm. I1H at 800 pym
inhibited flowering.

The influence of I'H on growth of plants has been
reported by various workers, as due to inhibition of
respiration. According to Naylor and Davis (1951) inhibition
of growth by apvlication of MH was influenced by inhibition
of resviration and they suggested that this may affect the
normal function of dehydrogenase. Greulach (1954) has made

the same surgestione.

Dugnani (1954) studied the effect of INH on dehydrogenase



systems in prenarations of cauvliflower, pea and artichoke
and reported that I'H at 60-400 pom inhibited dehydrogenation
activity both in the soluble and mitochondrial systems. It
was also sucgested that M may act on the ~SH eroup of the
enzyme.,

Differences between III treated and untreated plants led
investisators to believe that there mirsht be some differences
in the composition of plants. Petersen and Naylor (1953)
studied frenching of tobacco nlants and found that I treated
plants had hieh calcium and manganese, and lor phosphorus.
Paper chromatographic analysis showed that the quantities
of free amino acids were greater in treated vplants. Treated
plants had more reducing supars and less protein than un-
treated plants. Similar results on sugar and protein content
have also been revorted by Greulach (1954) and Arnaud, et al.
(1956).
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2 uirherellin:

Kurosawa renorted in 1972 that a nlant erowth-nromoting
suhstonce was nresent in the culture filtrate of Cibbherella-
Mii'rni, Tittle attention wns ~iven to this eomoound at
the tirme. Onlv, however, withiin tie last Tew vears have
intensive studies of vracticnl uses berun,

Recently it vnz e n shown by varions wor-ers tiat
~itberellin nrrorotes tie crowth of a wide varicty of »nlants
including srac-es, vecetables, ornarental nlants and frit
trees., 1t induces ranid lenctierine of stems or interncdes,
broadenine or eloncration of lerves, increase in heirht,
early flowerins and frvitine,

irrth, et al. (1056) av-lied riblerellin as one percent
lanolin naste on voun~ sterm tissve resnltires in a 50 to 300
vercent increece in hei:.nt of feraninm, vroinsettia, rose,
snlvia, dwvar? da"1ia, metrnia 2nd aster under creen’ onse

vy

crmAditions, eichta of snan henans, sov beans, neonut, nenner,
e~emlant, corrn, horler and sonflower were donhled or trinled,
Grovih 0of 1 to 3 vear o0ld willew, ne'ry, tr1in pAnlar ar?

manle treeg were crentls dinerenged, wiiile w it~ pine ond

white onvaece shoved ornlv slicht incerecse,  Tirilar dincrease

in hei~ht has been renorted b Parton (1756) in crah onnle
seedlin~a; Pnuvavac ~nd ittwer (10F6) in five vericties of

tonato; Clharden (1056) in nineanrnles,

"rian and Termine (1755) wori-ine on the effect of cib-
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berellic acid on shoot growth of pea seedlings showed that
the growth rate of shoots of dwarf pea seedling was sig-
nificantly increased during the first 4 days by the anpli-
cation of 0.01 g of gibberellic acid (I) in ETOH sclution
to a leaflet of the first true leaf. In longer term
experiments there was a linear relation between log dose

and growth resvonse in the dose range of 0.01 - 0.32 g/vlant
and a maximum resvonse was obtained at 5.12 g of I. Slow
growing varieties of pea respnond more to I than fast-crowing
varieties, with suitable doses of I virtually eliminating
the differences in growth rate between dwarf and tall
varieties., Indoleacetic acid had a qualitatively similar
but quantitatively much smaller effect.

Lang (1956) workinge on stem elonsation induced by gib-
berellic acid in a rosette nlant found that the effect was
more pronounced under long day conditions than short days.

Various workers have reported earlier flowering,
induced by gibberellin treatment. Rapnavort (1957) revorted
this in tomato; ILindstrom and Wittwer (1957), and Lindstrom,
et al. (12957) on various flower plants; Wittwer, et al.
(1957) on beans, tomato, cabbare and lettuce.

Iaber and Tolbert (1957) workine on the photosynthetic
activity in gibberellin treated leaves found that osib-
berellic acid did not enhance the rate of 002 fixation ver

unit of leaf tissue and also did not alter the reneral
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nathway of short-time metabolism of the newly fixed 002 in
the sufars, organic acid and amino acid product.
Kato (1951) investigsated the effect of gibberellin,

extracted from cultured sclution of Gibberella fuiilvroi,

which induces the elongation and lirfht ¢reen color in seed-
lings of soybean, tomato, and sunflower. With 0.1} lanolin
paste the increased elongation of the stem was 2 times or
more tne growth of the control but the growth of the leaf
blade was sunnressed. ‘L'ne green color did not becomne
licshter or yellowish as in the case of treatings them with
nutrient solution containing gibberellin. In the standard
Avena and pea tests for gibberellin in comparison with auxin,
the concentrations of gibberellin were 1000, 500, 100, 50,
30, 20, 10, and 1 ng./1. Gibberellin was found inactive in
all of the tests and it was sursgested that gibberellin is a
growth reculating substance of a nature quite different from
the auxin,

lorran and lees (1956) reported that the nitrogen con-
tent of grass was lowered by about two percent after treat-
ment with gibberellin. The growth was more rapid when
treated with gibberellin as compared to nitrogenous
fertilizers. Eventually the yield obtained with fertilizers
was greater than with gibberellin. Increase in growth
obtained after treatment with gibberellin was accompanied

by chlorosis. Yield increase resulting from gibberellin and



fertilizer annlied together was additive,

Gray (1956) treated Bonny Dest tomato plants with 50
ppm of gibberellic acid spray and found that treated plants
develoved smooth margined instead of notched or lobed leaf-
lets. e also reported a 40 percent increase in yield of
tomatoes, peas, runner beans and black currants and in the
root crovs ( potatoes, turnins, and carrots), the yield was
reduced, thoush an increased veretative growth was found in
all cases.,

Fukuoka (1941) reported that gibberellin, induced over-
growth in rye nlant without leading to the develovment of
Frains.,

In one experiment Wittwer and Bukovac (1957) reported
that anplication of gibberellin strikingly reduced nroduction
of marketable fruits of tomato. The fruits were small and
often showed a peculiar russetting.

Induction of partinenocarpic fruits in tomato has been
revorted by Rappavort (1957) and Wittwer, et al. (1957) after
annlication of fibberellin.

Effect of gibberellin on elongation, water untake, and
respiration of pea sections was studied by Kato (1956). He
reported that after 24 hours, elongsation, water untake, and
oxyeen consumption of sections floating in solvtion containing
10 mg./1 of gibberellin, was markedly increased.

It was believed that the behavior of enzymes was
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cnanred by the avnlication of gibbercllin. I'ayvashi, et 2al.
(1056) rralyzed leaf sheaths of rice plants erovm in solution
and treated with ~ibberellin to examine changes in the
activity of wvarious enzymes durins the period of their growth,
in commarison with that of control rlants. They found that
activities of »hosvrhatase, alkeliryronhosvhatase, diponti-
dase, acetvllesterase, maltacse, 3-¢lucoside, Y-galactosidase,
amylase, urease, 2scorbic acid oxydase, and catalase were
decreased on extracts of sheaths on a fresh weicht basis by
treatment with rsibberelline. Activities of peroxydase and
invertase were markedly increased.

Increased pgrowth in plants following avplication of
fFibberellin led some investigators to believe that there
micht be some changes in the composition of vlants.

Kurosawa (1932) working with culture filtrate of

Gibberella fuii'uroi reported that potassiuvm is essential

element in the production of elon~ating substance in rice
seedlinrs.

Yabuta, et al. (1943) working on the action of gib-
berellin on tea leaves found that tea buds became longcer
than the control, the total yield of tea leaves was not
changed, and the analysis for vitamin C, neroxydase and
oxydase, tannin, theine, total nitrogen, crude fiber, and
soluble matter were similar to those for the control.

Cn the composition of rice seedlings as affected by
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sibberellin, Tabuta, et al. (1952) found that both the
controls and treated vlants had similar weichts, moisture,
ash, and total nitrogen but total sugars decreased in
treated plants. Similar results were renorted by VWittwer,
et al. (1957) in Xentucky bluerrass.

Brian, et al. (1954) found that vwheat seedlings growm
in nutrient solutions containing 5 g of gibberellin per ml,.
showed increase in hei~ht duve to increase in length of both
stem and leaves. Leaf-blade width was slightly decreased.
Chlorosis and leaf-roll developed, especially in the low
nutrient solutions. Concentrations of gibberellin above
10 g./ml. eave no ~dded response, and concentrations of
1000 g./ml. were inhibitory.

Under similar conditions, pea vlants increased in
hei¢rht 500%. Petioles and internodes were greatly lengthened,
but leaves were little affected in size. As in wheat,
chlorosis was observed, and many concentrations decreased
the growth promoting powers of gibberellin.

In general, fresh and dry weights for both wheat and
peas were increased in shoots and decreased in roots,
resulting in an overall increase. The carbon content
esvecially was markedly increased, and ash, nitrogen, phos-
phorus and potassium were slichtly increased. Carbohydrate

concentrations, esvecially glucose, was also increased.
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In order to determine the effect of different concen-
trations of mazleic hydrazide, 10, 50, and 100 pnm, and
~ibherellin *, 100, 250, and 5C0O »»m, on the vlant growth
exnerirents were arranced undcr creenhiouse conditions at
licniran State 'niversitv, zZe2st Lansirne, richirane. Torato
seedlin/s, var. John Zeaer, vere seclected 2s test »lants.

Tomato seeds were sown in Ffl2ts on Cctober 1, 1957.
The seedlinges were transrlanted, on Cctobher 29, 1957, into
5-inci vpots filled with a mixture of medium and fine cracde
auartz sand for meleic nydrazide experiment. Another eroun
of tometo seedlinrs, vsed for r~ibberellin exneriments, wes
tranenlanted on the seme day vsirys medium erade quartz
sand as tre filling materizl in “=inch nots.

Since the studies were also desirmed to determine the
effect of the growth rrmuletors, maleic nydérazide and
mibberellin, on the minersl untete, T0oa;1land ani Arnon's
(12950) nutrient selution was used tihirouchout the exneri-
ment., Hech nlant, after transnlentation, received =2 »nint
of nutrient eclntirn end one aquert of weter every =2lterrnoste
doy yntil January 1, 1750 after which the a’diticns of

nutrient snlutinng were increosed to one anert rer nl-nt

*¥ Used 2s mntascsium ciltherellete,
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The torato vrlants, in 5-inch pots, vere crovmed into
small arn? le»se plonts and distribhated evenly so {unt the
difference in t' e rhvsiolocic=2l m~turity of the nlants
ceaged tn he on inflrencines factor in the results. All
the treatments ~rere roandorized =and renlicet~d twice n
grch a mammer that ench renlicete concicted of four
nlante,  Towever, inititisl wei~hit meesurerents ond
mineral analvses were made on 16 nlants selected 2t ran-
domn before the 2nnlic=tion of the commonnd.

Prliar enwnlications of mrleic hydr=zide vere made on
Decenver 12, 1637, takins due c~re so thet the comnound
di4 not drin on tre onartz send in the nots.

In trhe cotrer evrerirents, wnere ribberellin avnrlications
were mede, plarts in S-inch vnots were classified into three
crouns, i.e., larre, medinm and small, on tre besis of their
heisht, “owever, 211 the selected vlants were so mixed
in varioues corbinations that there was no disproportionate
uneveness which micht lead to erroreous results. Tor that
reason the simfflines nrocess was thorourh in all resnects.

Cut of these nlants, a lot of 32 vlants was selected
for erowth and develomment studies. Later, a sub-crouv

of 8 plants was used for each concentration of g¢ibberellin,



i.e. 100, 250 and 5CO0 p»m and check. Periodic observations

were recorded for:

1.

leioht measurements: rfrom the base to the tiv of

tie plaents.

Stem diesmeter: In all ten vlants the diameter of the
stem was measured between the first and leaf with
vernier czllivers,

sumber of leaves: Counts were made of fully expanded
leaves in each plant.

3ize of the largest leaf: Lencth (in cms. from »oint
of attaciment tn the leaf opex) of the larcest leaf
in eacn plant.

wumber of laterals: shoots which were lonecer than

5 cmrs.

Norber of flowers: on each vlant

vmber of fruits: on each nlant

Another 1ot of torato »nlants, in €-inch nots, received

cibberellin treatments on December 24, 1957, which consisted

of three concentrations, and three harvest dates, i.e. 1 week,

3 weeks and 6 weeks neriod after the anplication date of

the comnmound. All tiiese treatments were randomized with

three renlications. 'Lhe data was recorded for fresh and

dry weichts of tons and roots, and the analvses of the

whole plant were made to determine the minernl content.

Titrocen was deterrined by the standard IIjeldahl wmethod,
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and notassium determinations were made by flame-vhotometer
(A.0.A.C. 8th ed. 1655) while vhosnhorus, calcium, macnesiunm,
iron, boron, man~a2nese, conner and zinc were determined
svectrosranhic=21ly (Bacon, X. A. and S. T. Bass, unpublished).
The analvticel work was conducted in the laboratories of the
Arricultural Cheristry Denartment, llichiican State University,
sast Lansin<, lichiran.

The mineral accurulation fisures for each alement were
obtained by the following formula:
Total amount of Av,. dry wt. per plant X Av. ;» mineral

eacnh mineral =
per plant

100

Differences between the mineral content on any two
dates was concidered to show the amount of mineral taken up
during that veriod.

Climatological data was obtained for the period of
the investirations, that is, Sentember 1957, to larch 1658,
The termverature of the vlant science greenhouse room where
studies were conducted, ranred from 52 derrees T.to €3
decrees 7', with the averace temverature being 60 deecrees F.
for the duration of the exwneriment.

The data relative to day length was calculated from
the weather bureau table, "The time of sunrise and sunset
for Zast Lensire", which is located on 75th meridian. Cal-
culations were limited to the 21st day of eacnh month. The

day length ranged from 9:02 to 12:14 hcurs, with an averare






of 10:42 hours,

20.
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BAPERIEIUIMAL REINS

A1l the dilferert crowth measnrerments and mineral deter-
minations hnve bheen recorded in the Tables ¢iven in the
Arvendix, For the murnose of stetistical comnarison of the
individunl treatments tlie averaces of each treatment for dif-
ferent data have teen calculated and recorded, Tables I to VIII,

I'aleic hrdrnzide:

Averace of rrowth measurements for each treatment of
this ewneriment has heen r-ocoried, Tables I and TI,

Toichts Statistical comnarison of individual treatments
showed that the heirhts of nlants snrayed with 10 p»m maleic
hvdrazide was simificantly less than the check. The heichts
of plants sprayed with 50 and 100 onm were sienificantly less
than those snraved with 10 »om maleic hydrazide, but there was
no simificant difference in heirchts of plants sprayed with
50 and 100 pnm maleic hydrazide., Ieights of plants seem to be
inhibited increasingly with increase in concentration of I'H
Granh-1.

Stem Diameter: It was found that all treated plants had

sirmificantly smaller diameter than checks; 50 and 100 pom
treated plants also showed a simificantly smaller diameter
than 10 ppm treated plants and no significant difference
between 50 and 100 pnm treated nlants.

NMumbher of le~ves: Individual treatments showed no

simificant difference in 10 pnm treated vlants as commarcd to



TABLE - 1

AVZRAGE GROUTE LIASTREITEIDS OF TCFATO PLANTI, AS ATDICTE

BY VARICUS CONCRIITRATICLES Of ALBIC IIYDRAZTDE.

I ASUR=S=~ * TRLATN EIDS TRCATI Z1ITS
ILxlTS

Check 10 pr»m 50 ppm 100 ppm 55 17

a. FIIGET

(in cms) 33.4 3045 19.4 19.2 2.5 4.5

b. STEH

(in mm)

c. NUIBIR OF
L.a7.s 105 11.2 6.7 6.8 1.3 2.4
d. SIZZ OF
THE L4PC33T
LZAF

(in oms) 21.5 19.7 15.2 15.4 343 6.1

* A1l measurements are averaces from 5 observations of 2 replicates.






AVIRAGT T'RIE:

PLAITS, AS A

H AD DRY WaIGIHT OF

2%,

T\"J 3_

IT

TCP3 AN'D RCCTS OF TCILATO

PulTTD BY VARIOUS CCITCuITTIATTONS OF IMATZIC

HYDRAZIDZ,

EASURE-~ * TRUATILNTS L.3.D. FOR
[ <13 TREATMSNTS
(em.) Crheck 1Opom 50 pom 100 ppm 5% 17

FRE3I

TOPS 39.7 2762 11.2 12.3 8.1 12.0
TRESH

ROODS 7.4 5.6 2.1 2.0 107 205
DRY

TOPS 3T 2.6 1.5 1.7 0.7 1.1
DRY

ROOTS 1.35 1.07 0.50 0.37 0,10 0.29

* A1l wvalues

are averacres from two observations of two replicates.
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cihecs. Both 50 and 100 »vm treated plants hed a simificantly

lower number of leaves than checlts and 10 nnwm treated nlants
HTumber of leaves decreased with increase in concentration of

aT

M1 anplied witn the excention of 10 nnm treated nlants where

number of leaves ver vlant were more than checks and 50 and 100

oom treated plants seem to behave in the same menner, Granh-1l,

Size of the larecest le=sf: The individuel statistical

comparison of treatments showed that there was a sirmificant
decrease in tlie size of the larrest leaf of 50 and 100 ponm
treated nlants than check and 10 »nnm treated nlants. To
significant differences were found between 10 vom treated
vlants and checks, and also between 50 and 100 nvom treated
plants. Size of the largest leaf was decreased by increase
in concentration of i, Granh-1.

fresh and dry weirhts of tons and roots: In weirhts of

fresh tovs a sipmificant decrease was found in 2all treated
plants as compared to check. A sircnificant increase was
found in 10 vpm treated plants over 50 and 100 pom treated
plants. No sirnificant difference was found between 50 and
100 pom treated plants.

The fresh root weirhts showed similar differences.

Similar statistical differences were found in weights
of dry tops and roots excent that drv weirht of roots of
vplants treated with 50 ppm INH was greater than that of

roots of plants treated with 100 pom I,



In 2ll ceses checl"s had greatest weirshts followed by 10,
50 2nd 100 nnm treated nlants, excenting for wei-hts of fresh
and dry tons where 100 p»m treated plants had slichtly ereater
weirhts than 50 »»m treated nlants, Granh-2.

General ohservotions: Cne week after treatment, leaves

of treated plants started to turn darlzer rreen in color. After
the second week, leaves of 50 and 100 p»m treated rlants
apneared very darx green in color and remained the same way
whereas 10 pom treated vlants showed slirshtly darker leaves
than checks. rrom third week onwards leaves of 10 prm treated
plants anveared normal green in color.

The stems of all treated vlants exhibited color changes.

The treated plants awpeared inhibited in growth. In-
hibition anneared rreater with increase in concentration of
I apwlied, Figure-1l.

Plants tested with 10 pom X showed an abnormal growth,
Fieure-2, like that of 2, 4-D injury, between second and third
week of treatment but later bloomed like check plants whereas
50 and 100 pnm treated plants did not bloom at all.

Observation of roots two weeks after treatment with INH
showed a great inhibition in roots of treated plants. Treated
plants had fewer fine roots. Four weeks after treatment 10 ppm
treated plants showed normal rooting system whereas 50 and
100 ppm treated plants had very few roots, Figure-3.

It was also observed that smaller plants in ceneral were

more affected by I treatment than larce ones.
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GRAPH -2
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Figure 1.

Heiehts of tomato plants affected by

0, 10, 50, and 100 pvm concentrations
of maleic hydrzide. Check plant shows
normal growth, 10 prm treated plant
shows slight inhibition, 50 and 100 ppm
plants show great inhibition.

28,
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Figure 2. Abnormal terminal growth produced by
10 pom concentration of maleic hydrazide.
Fully expanded leaves of abnormal growth
are shorter than the normal.






Figure 3.

Root growth as affected by various concen-
trations of maleic hydrazide. Check shows
more vigorous roots followed by 10, 50 and
100 prm treatments.

304



Ilineral comnosition of ploants: The averagce percent, besed

on dry weight of ten mineral elements has been recorded,
Table-III, Statistic2l comvarisons of individual treatments
for each of the mineral elements analyzed shows no sisnificant
differences between 10 nm»m treated plants and checks excent
that vercent notassium was sismificantly lower in 10 pom
treated plants. All ten elements were significantly less in
50 pom treated plants than in 10 prom treated plants with the
exception of mormesivm and zinc., o simificant differences
were found between 50 and 100 npm treated plants, exceoting
for ohosphorus, marmesium and zinc where a simificant
decrease was found in 100 pnm trescted plants over 50 pom
treated plants.,

Lireral accurmulation: The avera~e amount of accumulation

for each of 10 mineral elements durinc~ tne neriod of experiment
have been recorded, Table-IV. ZIfficiency of mineral intake
was calculated on the acsumption that checks had 100 nercent
efficiencv,

It was found that efficiency of 10 p»m treated plants
rancred from 56.7 to 0.6 nercent; for 50 onm treated vlants
it rar~ed from 14.6 to 24.1 percent and for 100 onm treated
nlants it ranced from 12.2 to 21.1 percent. Efficiency of
mineral intale of tomato plants decreased with increase in
concentration of maleic hydrazide annlied.

Percent minerals for 10 nnm treated nlants was hircher



TAPLE - ITI

AV RAGE PrRCEINT INTUXRATLS PR«SLIT IN TCRATO PLALTS, AS AXSRECTE

BY VARICUS C

TCLUTRATICKS OF NALMIC HYDRAZIDE.

IJ.S.D. FOR

FINEPALS * TREATLLNTS TRIATIENTS
Check 10 pom 50 ppm 100 pom 5% 1%
ITROG= 3.67 3.59 Jel2 3.11 .19 .28
PIIOSPTICRUS 17 16 .14 13 .01 .02
POTASSTUL 5.30 4,89 3.81 3.2 17 .25
CALCIUN 2.37 2465 2.79 2.51 «36 .54
[LAGT-SIUL 67 607 .62 «55 .06 .08
IRCN .0309 .0302 .0200 .0201 .00%9 .0058
BCRON .0029 0027 .0023 .0020 .0C03 .0004
MATTGANESS .0035 0033 .0026 .0027 .0004 0005
COPP=R .0029 .0025 .0020 .0019 .0005 0007
ZINC .0057 .0047 .0041 .0037 .0014 .0020

* A1l values

are averores from 2 observations of 2 samnles.



ATSRASE [ IVISAT AT VTATICIT PITULIZT DATES IN TCLATO PLATE,

AS ATTRICTED TY VARTCIUS COUCT TNATTINS OF [ATETC MYDHAZIDC,

*¥Averacre Accurmulaticon *¥* Tfficiency

Check 10 50 100 Check 10 50 100

DITROGS 119.5 &€1.5 25.6 25.2 100 68.2 21.4 21.1

POIDIORUS 6077 %7907 1220 993 100 65.7 20.1 16.3
(A1)

07ASSITTH 161.1 113.8 30.1 23.2 100 70.6 18.5 17.5
( -)

(me)
I AGIESTUL 2253 1528 541 455 100 67.8 24.1 20,2
)
P00 934 661 136 130 100 70,8 14.6 13.9
(He)
RO70T 85 65 19 15 100 68.4 20.0 15.8
(re)
LAY GATHTT 06 69 16 15 100 71.9 16.7 15.6
(ae)
CCPrP:R 90 51 17 11 100 56.7 18.9 12.2
(1e)
ZINC 189 115 29 31 100 60.8 15.3 16.3
(1e)

* A1l values are avera~es from 2 observations.

**% Calculated on the basis that checlrs are 1007 efficient.



at the end of four weeks than checks excenting for conner and
zinc. Total accumulation for each of ten elements showed
checks hirhest followed by 10, 50 and 100 p»m treated plants,
Granhs-3, 4, 5, 6, and 7.

Gibberellin:

Averase readings of growth measurements and weights of
tops and roots for each treatment were recorded, lables-V & VI,

Hei~ht: Statistical comparison of individual treatments
showed thet 250 and 500 treated plants were sipnificantly
taller than checks. No sipnificant differences were found
between 100 p»m treated plants and checks; 250 and 500 prm
treated plants nor between 100 and 250 pom treated plants.
Treated plants showed increase in height after first week
of trestment, Granh-3.

Stem Disrmeters:s Statisticel commarison of individual

treatments showed that diameters of stems of 500 pom

treated plants were greater than checks. DNo significant
differences were found between checks and 100 or 250 pom
treated plants. It could be clearly seen from last staces
of srowth of different treatments that an increase in
diameter of stem was found with increase in concentration of
gibberellin apnlied, Graph-8.

Number of leaves: Both 250 and 500 »npm treated plants

had sirnificant increase in number of leaves as compared to

check. No siemificant differences were found between checks
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GRAPH - 4

PLANT ANALYSIS AT DIFFERENT DATES
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GRAPH - 5

PLANT ANALYSIS AT DIFFERENT DATES
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ATZRAGE

BY VARTCLS

GRCWIHE TUATURTI LTS CF TCORATC PLATTS,

AO,

[LEAZU -

L.S.D.

R

A3, TRAATELTS PRAATL TS
Check 100 »mm 250 »rm 500 prm e 15
n. HOIGTID **
(in em.) 62.1 65.2 52,5 72.3% 4.9 (o
b. STQ 1 * %
DIAL ST

6.14

(in mm.)

C. 1T 3R *¥

~
;

(O
VAT
PSS ]

22.0

GT e
SIZ3
AT

I8 LiR=-
ST LAY

(in cm.)

¥ X
&L

d.
2.5

2455

CF 20.7
1"1T'O""E >y
g ITTDTIR *xX

6.06

2% .8

3264

3017

21.7

6.42

3430

24,1

2.70

6.76

0.43

2.6,

1.26

¥ All values are averares
*¥¥A11 valves are averares

*¥¥%¥A]11 values are averaces

from 5 observations of
from 7 ovservations of

from & observaetions of

replicates.

8 renlicates,

& revplicates.
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e D i Vel M ede s aadl o

TA3TTES
R * OTUIATL LTS L.S.D. MCR
e [“3 T A"\ “‘:\S
(Fms) -
Check 10C nnm 250 pnm 500 nnm 5% 15

ATy aTeTT

%555‘ 9%.,03 96,76 100,52 105.65 5.23 9.9/

Ty a ey
U L.‘J.JA{

20078

o
DRy 9.23  9.15 10.32 9.£0 1.3, 1.9,

TOP3

- 2.24  2.86 2.6 7 3
. . 007 2.5[ 00)3 0045

“AAM D & <
IREAGAN

* A31 values =re avernces from 3 observations of 7 revwlicates,
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and 100 onm treated nlants and a2l1lso between 250 and 5C0 vnom
treated nlants.

Plants treated witnh 100 pnmm pibberellin had fewer leaves
than checlss in first two weeks of treatment; thereafter
number of leaves per nlant increased. The 250 and 500 pvm
treated vlants always snowed more leaves than checks with
an excention of January 9, 195, where 500 pom treated
nlants had fewer leaves than checks. Iumber of leaves
per plent incre=ased with increazse in concentration of
gibberellin a»nlied, Granh-9.

Size> of the lorcect leaf: The statistical analysis

showed that there was no sirmificant difference between
treatments.

iumber of lateralss:s Statisticz2l comparison of individual

treatments showed no sienificant differences existed between
treatments excentine between 500 nym treated nlants and
chiecks, wnhere 500 pnm treated plants showed a simmificantly
hi-her number of laterals than checks. However, it could be
clearly seen that number of laterals increased with increase
in concentration of gibberellin eonnlied, Granh-Q,

mmher of flowers: o statistical differences were

found between treatments. Iliowever, an increase in number
of flowers ver plant was found in treated nlants as comnared
to chec'rs, Graph-10.

Lrmb-r of fritst Statistical comparison of individual
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GRAPH - 10
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treatments Tor nimber of fruvits ver vnlant showed that
treated plants had simificantly fewer fruits ver nlant
than chec7s. 170 sirmificont differences were found between
treated nlants. The checks showed earlyv fruitine an? rore

fruits ner nlant than troated »nlents, Graph-10,.

Freah ond Ad»r weichts of tons 2nd roots: A significent

increase in fresh weicht of to~s was found in both 250 and
500 p»m treated nlants as comnared to checks and 100 povm
treated nlants. I'o sirmificant differernces were found
between checis and 100 pom treated vnlants, and between 250
and 500 nnm treated nlants.

Ho sirmificant differences were fourd between treatments
in weirhts of fregh roots and dry tonvs.

Statistical comnerison of individual treatments for
weirhit of drv roots showed siemificantly hi~her weierhts of
roots in treated vlants thran checks. Yo significant differ-
ences were found between treated plants.

WNeirhts of fresh and dry tors of 250 nvm treated vnlents
vere hicher than 21l other treatments. In case of frech
and dry roots, 100 pom treated plants showed a hicsher weight
than other treatments. Differences in werights between
treatments were more vronounced in case of dry roots than
fresh roots, Granh-11l.

General observation: After the first week of gibberellin

treatment, very small dots anneared in the basal leaves of
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2ll treated »nlants. DBy tne third weex these dots became
bicger and white in color, Ficure-4. The checks did not
show these cherracteristic white natches.

Differences in sizes of nlants could be clearly seen
after the first we-k of treatment. TFlant size increased
with increase in concentration of gibberellin anvlied,
rfirure-5.

The ¢ibberellin trcated plants exhibited chlorosis on
the lower 10 to 12 leaves of plants after three weeks of
treatment. Chlorosis becare procressively more intense with
increase of time interval, Figure-6.

Friuits set in checks were earlier than in treated
plants. Number of fruits set was greater in checks than in
treated nlants. The fruits rinened earlier in checks than
treated plants. Ripened fruits in treated plants showed a
peculiar russetting and malformation, Firure-7.

Fruits of treated plants were smaller than checks but
with fewer seeds, risure-2,

[ ineral comvosition: Analysis were made for 10 mineral

elerents, Table-VII., Sienificant differences, as a result
of treatrents occured only for notassium, iron and manranese.
There was a siernificantly creater notassium content in
21l treated plants as compared to checks. The 100 pmm
treated vlants were siemnificantly lower than 250 povm treated

plants and the 250 nmm treated plants lower than 500 povm
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Figure 4. Leaves of check and gibberellin treated
plants. The treated plants show lighter
creen color of leaf with white patches.



Figure 5.

Heigshts of check, 100, 250, and 500 npm

treated plants. Increase in height with
increased concentrations of gibberellin
applied could be clearly seen.



Fipure 6,

Chlorosis in the lower leaves of
gibberellin treated plants. Check
plant shows normal green color of
leaves.

wn
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Fipure 7.

Russetted and malformed fruits developed
by gibberellin treatments. TFruits on
check plants did not show any of these
symptoms.

52.






Figure 8.

%sa

Fewer seeds appeared in the fruits
produced by gibberellin treated plants
whereas check had more seeds in fruits.

)
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ATSRAGE PeCslT pTLHISEATS PRESE™T IW TCLHATO "LANTS, AS ASc

TARLE - VII

5%

BT VARIQUS COICE 'TRATICKS Orf GIRRIRDLLIN.

* TREATE TS

]-JCS.D. FOR

I.IITZRALS TREATLIIDS
Check 100 nom 250 npm 500 orm 575 10
NITROG=H 3447 3.45 3.46 3.49 Mol .3,
PIIO3PIICRUS 0.17 0.16 0.16 0.16 II.S. T.S.
POTASSIT 5.07 5.71 5.44 5.67 0.06 0.09
CATCIUIL 2.99 2.9 2.92 2.89 .S, N.S.
MAGH 2 3TULL 0.65 0.66 0.65 0.64 NeSe NeS.
IRON 0.0375 0.,0271  0.0326 0.0302 0.0023% 0.0031
BOROI 0.0031 0,0029 0.0033 0.0028 1.8, N.S.
MANGANESD 0.0033 0.0033 0.,00%4 0.0032 0.0C02 0.0003
COPPZIR 0.0025 0.0026  0.0029 0.0025 1Il.S. HeSe
ZTLC 0.0059 0.0056 0.0063 0,0067 IN.S. M.S.

* A1l values are

avera~es from 3 observations of 3 replicates.
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treated rlants,

From statisticol comnarison of individual treatments
for averace nercent iron, 2 sicnificant decrease in iron
resnulted from trestment, The 100 nmm treated nlants showed
a simmifTicantly lover percent iron then 500 »pm treated
plants. The 500 nnm treated nlants showed a simmificantly
lower vercent iron than 250 »n»m treated nlents.

Statistical comnerison of individuval treatments for
percent man—anese showed a sisnificent decrease in all the
treated nlants as comnared to checks. o simificant
differences were Tonnd hetween 100 v»m and 250 npm treated
nlants nor between 100 and 550 nnwm treated nlants. Towever,
a simificant increase was Tound in 250 nnm treated ~lants
over 500 »rm trented nlants,

I.ineral accnmulntion: The averase sccnmulation for each

of 10 rineral ele~erts dorin~ tie neriod of exnerinent have
been recorded, Table=VIIT,

Jirmificant differences =s a result of ftreatment were
found for 5 elements but not for vnntassium, iron, boron,
man-anese, and conner,

from the stetisticel commarison of individual treatments
for the amount of vnotassivm accuwnulated by plants, a
sirmificantly Licher amount was found in all treated plants
as comnared to checks, excenting for 100 prm treated nlants

where no sinificant difference existed. ¥No sirmificant
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AVIPASE LTIIEAL ACCUNULATICN BoTWis. DATES IN TCILATO PLANTS,

A3 APSSC75D BY VARICUS CONCZs 'TRATICHS CF GIRDEULITLIN.

* TREATL <NTS L.S.D. TFOR
[LITSRATS TREATL.LNTS

Check 100 prm 250 pom 500 vpnm 574 1%

(me)

PEOSPSOLUS 10 11 12 11 TeDW NeSe
(me

POTAS;I?}L 257 341 229 376 45.1 61.5
(me.

CALCIgh 217 218 236 195 N3 MeSe
(m~,

LAG.TS
(mey)

ZROW 2.6 1.3 2.1 2.1 0.4 0.6
(nr.)

ICH 45 50 50 51 .S, N.S.

BOTCH 272 247 300 238 36,8  50.2
(pee)

[FATCATESE 234 125 247 249 373 50.8

COVEIR 199 207 201 179 62.1 B4.6
(mze)

AR 361 296 427 408 NeSe NeSe
(mHee)

*¥ All velues ~re averares from 3 observations of 3 renlicates.,



differences were found between 100 and 500 »nm treated
plarts nor between 250 and 500 vpm treated plentse.

3tatistical comvarison of individual treatments for
iron accurmilation showed that all treated »nlants had
simificantly lower amounts of iron than checks. DNo
sifsnificant differences were found between 250 and 500 pom
treated plants. A simmificant increase in the amount of
iron was found in both 250 and 500 p»m trested plants over
100 onm treated olants.

I'o simificant differences in boron accumulation were
found between treatments excenting for 250 pnm treated
plants which showed a siemificantly higher amount of boron
than both 1CO and 500 pom treated plants.

Statistical comnarison of individual treatments for
mancanese accumilation showed ro significant differences
between treatrents excenting for 100 vvm treated plants
which showed a sirmificantly lesser amount.

"o sinificant differences in accumvlation of coonper
were found between treatrments exceptineg for 250 ppm treated
nlants which chowed a sirmificantly larger amount of copper
than all the otuer treatments.

Analysis of December 31, 1957, for percent nitrogen
showed tiat 250 and 100 ppm treated plants accumulated less

nitrogen then checks and 500 pom treated plants. The

analysis of January 14, 17258, showad that all treated plents



had accumulated more nitrosen than checks, and the final
analysis of rfebruary 4, 1958, showed that all treated
plants had lower accumulation of nitrocen than checks.
Sirmificant differences were also found between treatments
on the analysis of January 14, and Februery 4, 1958. Total
accumnulation of nitrorsen was greater for 250 vvm treated
nlants followed by 500, 100 and checks, Granh-12.

Percent nhosphorus accumnlated was always less in
treated nlants then in checks. I'o siemificent differences
wvere frund for rercent rhosphorus hetween treatments, at
any d~te, Total accnmmlaticn of phosrhorus showed similar
trend to trat of nitrocern, Cranh-12.

Aralyeis for nercent notaeszium showed 5C0 vonwm treated
nlants had licher values followed dpy 250, 100 and checks,
excentine for the analysis of February 4, 1958, where 250

pom was nicher., Simificant differences between treatments

were a2lso found in enalysis of each date. Total potassium
showed a sreater accomalation in 250 pom treated nlants
follow=d by 570, 170 and checks, Granh-13,

Percent calcium showed simificant differences between
treatments for the analvsis of January 14, and February 4,
1952, The analysis of Januvary 14, showed 500 pnm treated
plants had a hisgher level than 250, 100 and checks, whereas
the analysis of TFebruary 4, 1853, was reversed. “otal

accurulation showed small differences between treatments,
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Sranh-173,

The vercent mamesium was not sienificantly different
between treatments for trhe analvsis of January 14, and
Febrmary 4, 1959, Total accurulation showed only slight
differences between treatments., The 500 pm trested plants
had more accumulation followed by 250, 100 and checks,
Grarh-14.

Percent iron showed sirmificant differences between
treatments in each anz2lysis. Treated plants had lower
values than the checks in each analysis. Similar differences
also existed in the total accurmulaetion of iron, Cravh-14,

Percent boron exribited different pattern for different
treatrments excepting for checks and 250 npm treated vlants.
Percent boron showed differences between treatments in each
analysis. Total accumulation was crzater for 250 ppm
treated nlants followed by checks, 100 and 500 pnwm treated
plants, Graph-15.

Differences between treatments for percent manganese
could be clearly seen from the analysis of December 31,
1957, and February 4, 1958, DBoth times the treated plants
showed lower values than checks, whereas total accumulation
showed higher values for 500 pvm treated plants followed by
250, checks and 100 pvnm treated plants, Graph-15.

The percent covper showed slicnht differences between

treatments in the analyses of December 31, 1957, and
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January 14, 1952, which were not statistically siemificant.
Only analysis of February 4, 1952, showed sirmificant
differences tetween treatments, The 250 »om treated vplants
showed ni~ter nercent conrer followed by checks, 100 and
500 nrm tregted vlants, There was sienificantly sreater
accomilation only in 250 n»m treated plants, Granh-16.
Jifferences between treatments for nercent zinc content
of nlants wvere maximum for Decemnber 31, 1957, and these
were sirmificant, while all other's were not., Differences
in accummlation of zinc between various dates did not show
any sirmificant variations. The 250 orm treated nlants
shiowed more accuvrmilation of zinc followed by 500, checks

and 100 nom treated nlants, CGraph-16,.
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Ci.SPAL DISCUSSICH
Gl 2RAL DISCUSSICH

Toleic Yrirozides

In the field of vnlant rsrowth innibition maleic hydre-
zide (iII) has coms to ocenpy an imnortent position. 3tudies
conducted in 2ll rarts of the world indicate that this
compound has transitory innibiting effects on bud develon-
rent and growth of various vlant snecies., When annlied in
suitatle concentrations it slows down the plant metabolism
resultine in almost comnlete stonnare of growth., Such was
the case when 50 and 100 p»m anplications were made on
tomato plants var. John Daer, wnile the low rate annlicetion
had a tcmporary inkibitine effect.

The cessation of growth resumed shortly in the plants
treated with 10 »om I concerntration and these nlants had
an annearance of g normal nlant which did not receive any
annlication of the comvound. 3Such a rrowth pattern is
entirely vossible for, according to Leopold and Xlein (1952),
inhibition of growth by low concentrations is compnletely
relieved by the addition of auxin. Since Tow rate avnlica-
tions failed to induce any outstanding morphological changes
it is lorical to assume auxin production continued, unin-
terunted or after a brief interuption in the meristematic
tissue of the plant. These auxin levels which keen on

building un in the plant system fineally makes it possible



for the low rate-treated nlant to recommence their g¢rowth.

Accordines to Callarhan and Van Forman (1956) there is
an increase in the photosymthetic rate at low rate Il
application in swiss chard and tobacco seedlinrs accomnanied
by little or no ci:tanre in dry matter. This tyne of induced
viysiolosical modification may as well, in some way, be
resnonsible for the early renewal of srowth in the nlants
with 10 pnm concentration.

Such an evplanation for the resumption of growth in
low rate trented tomato nlants annears locical when mineral
untake is considered to be a factor in the develonment of
nlants, The data indicated, Table-III and Cranhs-3 to 7,
that mineral content of the dry tissue was simificantly
different for low rate I treated nl-nts as comnared to
the nlants which received £0 o2nd 100 pvm arvlications., It
is interestins to point out that minerzl vntake in the low
rate treated nlents was anproximately similor to the check
nlarts durins the last date when the final analysis were
made for tiie mineral content of the vplant tissues. However,
it may be brourht out that these nonexisting differences
wvere nevertheless present after [ treatrents durines early
sarnlins dates.

Therefore, it is safe to state that low rate I anvnli-
cations do not brins about any chances in the physiological

develonments of the plonts to any sirmificant level which



may tend to shift the natural metabolic balances.

According to the data sthiovm in Granh-2, it is evident
thet root develorment was inhibited by all concentrations
of ['H two weeks after treatments. The degree of growth
inhibition was simificantly different for low rate apnli-
cation of 10 pom as compared to 50 and 100 pom treatments
a’ter four weeks from the apnlication date. Roots being
more sensitive than the shoots, therefore, there was a
wide range of differences in the growth pattern of roots
and shoots. These findincs are in conformity with the
views of Comnton (1952).

Zirh rate anvplications of the compound, 50 and 100
opm, on the other hand, affected the growth processes of
tre plants to a point of severe crowth inhibition. This
fact is borme out from the data; ei~ht, stem diameter,
number of leaves and size of the largest leaf of the
nlents; Table-I, Fip., 1 and Granh-1l. The growth sunpres-
sion, as noticed in these treatments, may be due to
resniration inhibition in the plant tissue resulting from
the hich rate I.H annlications. Such a vossibility has
been mentioned by Naylor and Davis (1951) and Greulach
(1954), who observed from their experiments on a wide
variety of veretation that the resviratory changes exert
influence on the normal function of dehyvdrorsenase. However,

it is not possible to say how this induced malfunctioning



in the developmental physiology of the plant affect the
rsrowth manifesting mechanisms,

Gibberellin:

In recent years tnere hes been a great interest among
horticulturists, arronomists and nlant physiolosists on
tihhe stimuletion of srowth resulting from the ~ibberellin
anvlications. Accordinely, exveriments were arranced to
find some informstion on the rineral content of tomato
nlants as affected bv this comnownd.

The data indicated, Table-V, thot rrowth of rlants
increased with an increese in the concentration of cibbere-
1lin. 5mch en increasge in nlant crowth heve also been
rerorted by various resenrch workers. Kato (1956) vointed
out that weter untalke is increased by r~ibberellin treat-
rent, a fact which is substantiated by the results of this
exneriment, 1able=VT,

‘resh weichts of the treated »nlonts, tons only, wvere
simificantly ¢ifferent thian the check nlants. Iowever,

no simificent differences in their dry weirthts were ob-

6o

served. Stvch an incrense in ecrowth on account of cibberellin

treatments has also boen renorted br Xurosawa (193%2) in

rice seedlinrs, who surrected notassium as an essential

elerent in it's elonr~ation. Results of these investicrations

reported herein, a2lso showed that percent and total accumu-

lation of notaessium wes increased by gibberellin treastments.
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Similar ircrease in vnotassium has also been found by “rian
et 21 (1954) in toth wheat and neas. It is surcested that
e increased growtlh in ecibberellin-treated plants may

nngsibly be due to a rreater untake of potassium and water.

Periodic observotions indicated a decreased number
of fruits on ~ibberellin-treated nlants, Teble-V, with a
neculiar russettin~ and malformation on the rive fruits
as has been renorted by Wittwer and Bukovac (1957) in
tomato fruits. It is suvu~rested that deficiency of iron
and/or mnanganese, Tavle-=VII, caused by gibberellin treat-
ments may be resvronsible for less fruit cet and also for
russettine and malformation of rire tomato fruits.

lowever, when the total dry weicrht was considered
Fibverellin-treated plants exiiibited an increase over the
check vlants. These results are in conformity with the
findines of Brian et al (1954). Therefore, it is logical
to ascume that this increased dry weignt of the gibberellin-
treated vlants may be due to hisher accumulation of various
ninerals, ''able-VIII and Graphs-12 to 16.

Visual observations indicated chlorosis and white
patches of the leaves of the gibberellin-treated vlants.
owever, nato (1°254) renorted that he could not find this
chlorotic condition on the case of plants grown in nutrient
solution containing gibberellin., Althourh ovwnosing views

have been expressed by llorran and lees (1956) and various
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other research workers who described this chlorotic
condition of the ribberellin-treated plents due to
nitroren deficiency.

Under the conditions of this exveriment no siemificant
differences between treatments, either in the percent or
the total accurmlation of nitroren, were found. On the
other hend, simificant decrease in both percent iron and
manranese wvere found as a resnlt of ~ibberellin treatments,
Table=VII, Therefore it is quite probatle that lack of
iron end/or mencanese may be involved in the annearance
of clorosis ond white vatches on leaves of eibberellin-

treated vlants,



The aynerimenta woere arronced o determine the resmonse

of tom-tn nlnats var, John Tser to different levels of maleic
nrdrazite, 10, 50 and 100 nnm, and notassium sibberellate,
120, 250 and 50C »om, as fnlisr annliceations., Thre scedlin~n
were srcvm in a guartz send under sreerhouse conditftions

i &

(av. temmerature 50 desrees I an?d av, day lencth 10:42 hours)

and o2:-land and Arnon (1950) sclution wns used as a source

of mnvtrient eupnly. Tericdic obhservations were made for

. 1

rei~v g

6]

y Sten diometer, ra~ter of Jeaves, size of the larcest
leaf, and fresgh and drv wel~hts of tens and roots of tomato
rl-nts, wnile alditional data was recorded for number of
laterals, rnurber of flowers and number of frvits in case of
ribberellin treotments., Lineral content of the vlant tissuve
- - -

wns deter~ined for U, P, X, Ca, i, Fe, 3, In, Cu and Zn.

The fcllowine results were obtnined:

i.o]leic hrdvrapidns

l. The first and tie most clearly noticeable effect of
the 1l treatrments was the persistant and continued inhibition
of rrowth in plants receiving 50 and 100 pnm foliar anpli-
cations. While nlants svraved with 10 pnm Il concentration

exnibited only temvorary crowth inhibition.

2. Visual observations indicated that leaves of the plants

[\S)
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treated with 50 and 100 npm to be darler green in color,
thiclter ard more brittle as compared to the leaves of check
plants. o such textural differences were observed in the

leaves of plants receivine 10 ppm anvlicaticns.

3. Tollowins the temnorary inhibition of crowth, the
plants treated with 10 »npm indicated some abnormality in
thie mornhological character, shape and branchning, in com-

rarison with the check plants which had less leaves.

4. There was no sifrms of flower initiation in nlants

treated with 50 and 100 »nnm concentrations.

5« Plants receiving hirh rate of treatments, 50 and

100 prm, nroduvced growth of low fresh and dry weigchtse.

6. 00t growth was much reduced in the treated plants
es comnared to ton growth wnich indicated roots to be very

sensitive to the treatments.

7. Plant tissue analyses indicated that mineral content,
percent comnosition and total accumulation, of all the

elements in general, decreased on account of the treatments.

Gibberellin:

l. Growth of the plants wes increased on account of the

sibberellin treatments in all the cases. Ilowever, the rate



of erowth in the »lants receivine hirh rate of annli-
cation of 250 and 520 »pm was much hirher as compared to
thie nlants receiving the 1C0 prm only. Tnis increased
crowth of the sibberellin treated plants was perhaps

die Lo a rreater accnmulation of votassium and water as

cormnared to cneck plonts,

2. Total dry weicnt of cibberellin treated vlants was
2150 incrensed reflectin~ certsin induced retavnlic cuances

4

ny i-rer total acenrmletien of certein rinerals,

3. Vieval obaervations inciceted that leaves of

criprerallin treeted wnlants shtiowed ¢ lorosis and wnite natehe

Saer o spnecronce of tlie vlants wes nervens due to low

ivon ard/or marrseanege content of these nlents,

4, There were no similicant difTerences vetween thre
vorious treatrenta g0 far s3 the size of the larcect lenf

~nd riumher of Tlovrers was concerred,

5. Mrerted nlarts exhiihited delered fruitin~ end less

fruit set. The rine frrits sv.owed russetltin~ and sbnormal

rrevith as a recult of the ~ibberellin treatments.
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TABLE -« I a.
* Average heicht (ems) of tormato plants, as affected by various
concentrations of maleic hydrazide.

Dates Treatments
Check 10 pom 50 ppm 100 pom
Dec. 12, 1957 18.5 18.0 18.0 18.5
" o119, " 24.5 23.0 19.0 19.0
" o26, " 33.0 31.0 19.5 19.0
Jan. 2, 1958 43.0 375 20.0 19.5
" 9, " 43.0 43.0 20.5 20.0

* A1l values are averages from two repnlicates of 4 plants.






TABLY - I b.

e

* Average stem diemeter (mm) of tomato plants, as affected by

various concentrations of maleic hydrazide.

Dates Treatments
Check 10 ppm 50 prm 100 prm
Dec. 12, 1957 4,20 4.15 4.15 4.15
" 19, " 4.65 4.30 4425 4.25
" 26, " 5.35 4,45 4.35 4.35
Jan, 2, 1953 5.20 4.5 4,45 4.35
" a, " 6 4,55 4,45

.35 5.35

* All velues are averages from two renlicates of 4 plants.
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TARLE - I c.
* Average number of leaves of tomato plants, as affected by var-
ious concentrations of maleic hydrazide.

Treatments
Dates :
Check 10 opm 50 ppm 100 ppm

Dec. 12, 1957 6.5 7.0 7.0 6.5

n 19, " 8.5 7.0 6.5 6.5

" 26, ™ 9.5 9.0 6.5 T«0
Jan. 2, 1958 1205 1405 605 7-0

" 9, " 15.5 18.5 7.0 7.0

*¥ All values are averages from two replicates of 4 plants.






en,

* Average size (cms) of the largest leaf of tomato plants as
affected by various concentrations of maleic hydrazide.

Treatments
Dates
Check 10 ppm 50 ppm 100 pom

Dec. 12, 1957 13.0 13.5 13.0 13.0

" 19, " 18.0 16.5 15.0 14.5

" 26, " 22.5 20.5 15.5 16.0
Jan. 2, 1958 26.0 22.5 16.0 16.5

" 9, " 28.0 25.5 16.5 17.0

*¥ A1l values are averages from two replicates of 4 plants.






TABLE - II

a5

* Average fresh and dry weichts (in gms) of tops and roots of

tomato plants

ic hydrazide.

as affected by various concentrations of male-

F i :
Dates gggi:_ Fresh weights Dry weights
Tops Roots Tops Roots

Dec.
12, Check 5.4 1.3 0.5 0.1

1057.
Dec. Check 20.8 33 1.5 0.5
26, 10 pom 11.8 1.6 1.0 0¢3
1957. 50 " 9.9 0.8 1.2 0.2
100 " 9.7 1.2 1.4 0.2
Jan, Check 58.7 11.5 5.9 2.2
9, 10 ppm  42.6 9.6 4.2 1.9
1958. 50 " 12,5 3.4 1.9 0.8
100 " 14.9 2.8 2.0 0.5

¥ A1l values are averages from two replicates.






TABLE - III.
Mineral comnosition, based on percent dry weight of tomato plants,
as affected by maleic hydrazide.

g?giiﬁé *  Percent liinerals/Dry weights
&
Treat-
ments N P KX Ca Mg Fe B Mn Cu Zn

Dec.12, 1957
Check 3.80 414 5.25 3.61 .71 ,0271 .0021 .C045 ,0023 ,0059

Dec.26, 1957

Check 4,12 .18 6.25 3.80 .74 .0367 .0032 .0043 .00%4 .0062
10 ppm 3.82 .15 5.08 3.75 .70 .0335 .0028 .003%6 .0029 .0045
50 " 3.4% .15 4.22 2.2G .62 0239 .0026 ,0030 .0022 ,0047
100 * 3.36 .14 4.27 2.60 .58 .0233 ,0022 .0032 ,0023 .0035

Jan. 9, 1958
Check 3.22 .16 4.35 2.94 .61 .0250 .0025 ,0027 .0024 ,0051
10 ppm 7.36 16 4.69 3.56 .63 ,0269 .0026 ,0030 .0021 ,0048
50 " 2.75 .12 3.40 2.69 .56 .0161 .0019 .0022 ,0018 ,003%5
100 " 2.85 .11 3.41 2.41 .52 .0164 .0017 .0022 .C014 ,0032

* All values are averages from two samples.






TABLZ - IV.

Acoormilntion of various minerals, between certain dates, as affected
by verious concentrations of IIi.
Tet- mreat Amount of minerals accumulated
ween -
dates TeMtS y  p X Ca__Kg Fe B _In Cu_2n
mr mno ng~ i 42 A o /AN S 4
be®+l” Check  58.5 2705 1.7 53.11035 560 50 58 53 87
Dec.26 10 pmm  28.8 1182 37.1 28.9 519 238 25 22 25 26
qQ
1997 50w 27.733% 20.9 20.4 561 185 25 17 18 33
100 " 31.5 1417 37.6 20,5 5l2 222 23 25 22 21
o022 Check  190.5 9450 230.5 164.0 3471 1709 140 175 173 292
to 10 »rm 134,22 6213 190.6 1456.,1 2533 1075 1C6 117 77 204
TAres) SO M 23.6 1058 30.4 30.4 522 £8 14 16 17 26
100 " 19,0 56y 18,8 12,9 399 W e 5 0 41







TABLE - V a.
* Average heicht (cms) of tomato plants, as affected by various
concentrations of gibberellin,

Dates of Treatments
obser-

vation Check 100 v»om 250 ppm 500 pom
Dec. 24, 1957 26.9 26.6 26.9 2645

" 31, " 3647 38.1 44.6 AT.4
Jan. T, 1953 45.4 45,2 53.4 53.2

"o14, " 58.4 60.2 66.9 70.1

" 21, " 7446 18.7 82.1 875

28, " 0.7 97.1 96,0 1C01.9

Feb. 4, " 102.2 110.2 110.1 114.7

* All values are averages of eight replicates.
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TASLE - V b,
* Average diameter (mm) of stem of tomato plants, as affected by

various concentrations of gibberellin.,

Dates of Treatments
measure-

ments. Check 100 ppm 250 opm 500 prm
Dec. 24, 1957 4,9 4.9 5.0 5.0

" 31, 5.2 563 5.6 5.5
Jan., 7, 1958 5.7 5.5 6.0 6.0

" 14, " 6.0 5.9 6.4 6.9

" 21, " 6.7 6.4 6.9 7.6

" 28, " 7.0 6.9 T.3 7.9
Feb. 4, " T.4 Te5 T.8 8.4

* All values are averages of eight replicates,
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TABLE - V c.
* Average number of leaves in tomato plants, as affected by wvariouvs

concentrations of gibberellin.

Dates of Treatments
measure- _
ments. Check 100 pom 250 oom 500 pom
Dec. 24, 1957 9.9 G.9 10.2 9.9
" 31, " 12.2 12.0 12.7 12.7
Jan. 7T, 1958 16.0 15.6 16.9 15.8
noo14, " 19.6 20.6 22,5 22.4
" 21, " 2545 29.4 3045 3261
nooog, M 33.1 37.7 40,2 41.6
Feb., 4, " 37T 41,6 47.3 52.4

* All measurements are averages from eight replicates.,






a1l

TABLE - V d.
* Average size of the largest leaf of tomato plants, as affected

by various concentrations of gibberellin.

Dates of Treatments
measure- _
ments Check 100 ppm 250 ppm 500 ppm
Dec. 24, 1957 22.8 cm 23.1 cm 24.5 cm 24.1 cm
" 3, " 2T.6 " 29.4 " 31.0 " 30,0 "
Jan. 7, 1958 30.9 " 31.7 " 32.8 " 32.6 "
"o14, 34.4 " 33.6 " 34.5 " 352 "
o221, " 36,2 " 35.2 " 35.9 " 36.9 "
"moo2e, v 37.5 " 36.7 " 37«1 " 37.8 "
Feb. 4, " 37.9 " 37.2 " 375 " 3841 "

* A1l measurements are averages from eight replicates.
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TABLE - V e.

an

H
By )

* Average number of laterals in tomato plants, as affected by

various concentrations of gibberellin.

Dates of Treatments
obser-

vation Check 100 ppm 250 ppm 500 ppm
Jan. T, 1958 l.1 l.1 1.1 1.1

" 14, " 1.4 1.7 1.5 1.3
21, " 2.3 2.9 2.7 364

" 28, " 307 407 505 6°4
FEb. 4, " 4-3 504 507 701

* A1l values are averages from eight replicates.,






TABLE - V £,
* Averace number of flowers in tomato vlants, as affected by

various concentrations of gibberellin.

Dates of Treatments
Obser-
vation Check 100 ppm 250 ppm 500 ppm
Jan. 7, 1958 6.5 Te2 7.4 8.1
" 14, " 15.1 14.6 16.0 15.6
" 21, " 21.5 22.1 24 .6 23.0
" 28, " 29.3 23.2 1.4 29.6
Feb. 4, " 31.6 3642 41.2 42.0

¥ A1l values are averages from eight replicates.
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TABLE - V g.

* Average number of fruits in tomato plants, as affected by

various concentrations of gibberellin.

Dates of treatments

obser-
vation Check 1CO pym 250 pom 500 ppm

Jan. 21, 1958 0.25 0.00 .00 0.00
" 28, " 0.87 0.00 0.00 0.00

Feb. 4, " 1.62 0.00 0.12 0.12
" 11, " 3,00 1.00 1.12 0.75
roo1s8, ¢ 4.25 1.12 1.75 1.12
" 25, " 5.62 2.00 2.50 2450

Mar. 4, " 2.75 6.62 T7.75 7.25
"1, " 11.50 T+25 8437 T.87

* All values are averages from eight replicates.






TABLZ - VI.
* Average Fresh and Dry weichts of toops and roots of tomato plants

as affected by various concentrations of gibberellin.

Dates Weights in grams
& Fresh Dry
Treatments
Tops Roots Tops Roots

Dec. 24, 1957 ‘
Check 13.75 2.98 1.46 0.23

Dec. 31, 1957

Check 21l.22 8.43 2.66 0.91

100 prm 30.52 .43 2.39 0465
c "

2)0 38.72 7081 3.03 0082

500 " 32,12 5.30 2.32 0.69

Jan. 14, 1958

Check £8.99 21.79 6.85 2.54
100 ppm T1.75 21.65 6442 3.02
250 " 71.41 21.66 6.29 2.83
500 " 66.34 17.51 5.89 2.84

Feb., 4, 1958

Check 1e1.° 55.94 18.16 3.28
100 ppm 188,02 61.81 18.63 4,92
250 " 218.42 60.43 21.62 4.%5
500 " 218.33 57.51 21.20 4,20

*¥ All values are averages from three replicates.






TABLE - VII.
* Averare mineral composition of tomato plants, as affected by

various concentrations of gibberellin.

Percent minerals/Dry weight

picking
&
Treat- N P X Ca g TFe B M Cu  Zn
ments.
Dec.24, 10957
Check 3,35 .16 5.52 2.99 ,70 ,0292 ,0025 ,0N38 ,0024 ,0052
Dec.31, 1057
Check 4.05 .18 5.73 3.23 .57 .0378 .0030 ,0046 ,C026 .0058
100 pom 3,02 ,16 6,14 3,16 .66 0269 ,0025 .00%5 ,0028 Q046
250 " 3.,9% ,17 6.16 3.01 .65 .03%50 .0032 .00%6 .0026 .OOT4
500 " 4.07 .13 6.99 3,09 ,72 .0310 .0027 .0032 ,0025 .0OO1
Jan.l4, 1958
Check 2.30 .16 4.89 2.50 .59 ,03%64 ,0024 ,0032 ,0020 .00GH
100 vrm 3,39 .16 5,05 2,82 ,64 ,0360 ,0C30 .0075 ,0022 ,00( 1
250 " 3.47 .16 5.20 2.84 .57 .0%60 .CO%0 ,0034 ,0026 .0063
500 " 3.49 ,15 5.22 3.08 .56 .0%22 ,0029 ,0031 ,0025 .0057
Feb. 4, 1958
Check 3.05 .16 4,59 3.23 .69 .0%83 ,0040 ,0036 ,0030 ,0N54
100 prm 3,05 .15 4.74 2.92 .68 0185 .0033 ,0023 ,0028 ,0C41
250 " 2.99 .14 4,96 2,92 .52 ,0267 .003%36 ,C031 0035 ,0053
500 " 2.90 .14 4.81 2.50 .65 .0275 .0029 ,00%2 .0025 .0052

* All values are averazges from three revlicates.






TARLE - VIII.

* Accurulation of variouvs minerals, between certain dates, as

£~

affected by various concentrations of gibberellin.
J <

Fet- Amount of minerals accurmulated by pnlants
ween Treat-
Dates ments N P K Ca TIg Fe B Fn Cu Zn
NEZe MEe MEe MEe MEe MEe 4Ce  4Te YSe AT
Dec.  Check 80 4 111 64 12 0.9 65 100 54 121
o 100 ppm 54 2 S2 45 8 0.3 71 42 45 114
31, 250 " 86 4 144 66 14 0.7 €1 75 60 192
1057. 500 " 57 3 117 42 10 0.4 40 33 35 185
2;?- Check 165 9 255 120 32 2,1 116 136 90 402
1057 100 ppm 202 10 290 171 41 2.5 209 219 125 373
Yo 250 " 165 8 237 143 27 1.9 154 173 135 294
14, 500 " 183 T 245 176 27 1.8 173 193 146 221
1953,
JoNe Check 345 13 525 456 9L 4.8 634 465 452 561
to 100 pom 398 20 641 473 100 1.0 501 225 452 395
ifb° 250 " 461 23 €16 493 108 3.6 664 492 677 795
1958, 500 " 432 24 767 366 116 4.2 490 521 357 ©19

* A1l values are averagces from three repnlicates.
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