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Practical Applications of Growth-Hormones in Crop
Production—A Review
By T. R. NARAYANAN, M. A. (Cantab.). B. Sc. (Ag.)
Assistant in Millets, Agricultural Research Institute, Coimbatore.

During the last fifteen yesrs, a large number of chemical compounds
capable of inducing, even in very minute- amounts a variety of _effec:ls on
plant growth and development, have been discovered and also synthesised.,
These are known by the general name of growth-promoting substances,
auxins or phylohormones. A hormone is any substance thatcan actasa
" chemical messenger’, which, after being produced in any part of the
living organism, is transferred to another part and there- influences a speci-
fic physiological process. This term ‘hormone' was first used in connec-
tion with plants by Fitting in 1910, who showed that the shedding of Hlowers
in orchids soon after flowering was brought about by the presence of the
pollen grains and could alse be effected by water extrac!s of the pollinia.
The terms “Wuchsstoll”, growth-reqgulator, growth-substance, growth-promot-
ing substance, growth-hormones, plant-h urfhc:-ne_s, phytohormones and auxins,
all refer to the same group of substances, so far as they relate to the
plant kinadom.

The literature on this subject has become very voluminous within the
last ten years and is still growing rapidly. Exlensiva reviews on the effects
of these growlh hormones, chiefly upon the rooting -of plant cuttings,
and curvstures in the oat coleoptile have been published by Went and
Thimann (1937), Pearse (1939) and Nicol (1941)  The present article is
intended as a review of progress made on certain other elfects of these
auxins with special reference to the arowth and yield of crop plants.

Occurrence. In nature, the auxin content 1n seedas 1S NOrmally very
low and even negligible, but it increases very rapidly during their germina-
tion and attains a maximum by about the {ifth day of _qermiﬁalicn. In the
growing plant the main centre of auxin formation is the terminal bud with
its embryonic leaves. Auxin is produced onlyin the light and is at its
maximum during the period of maximum growth of the plant. Auxzin is also
abundant in the pollen especially in Hibiscus, Sequeio, etc., and alss in the
pollinia of various orchid species (Went and Thimann 1837). Wheat germ
oil, maize germ oil and rice polishings are other sources of auxins from the
plant world. In animal material, auxins may be present in considerable
concentrations in the salivﬁ,.'pe}ﬁsiq. but is usually most abundant in the
urine. Human urine is extremely rich in auxins- and was in fact the first
gource for the isolation of pure suxins, The urine of other animals like
horses, cattle and pigs is also fairly rich.in these growth hormones.
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Mode of action in plants. It has been proved by experiment that celi
elongation is dépendan.t on and is controlled by the presence of auxins.
They are abla to decrease the structural viscosity of protoplasm and bring
ak-out & dissociation of the cellular proteins which in turn brings about an
increase in the rate of imbibition of water and c:-fher nutrients, in ‘diastatic
activity and eventually modities plant’ growth and development (Northen,
1941).  The limits of optimum concentration of these auxins are very
narrow and seem to be almost specific for each plant and éach_aubstance
as well. Cncentrations below the oplimum have no effect, while higher
concentrations inhibit ths growth and can even pré:-v:_f.- lethal to plants.

Effects on plants. (a) Rooting of plant cuftings. The role of auxins
in stimulating root* development is a good example of academic research
in plant physiclogy which has had an immediate practical application.
Dipping plant cutlings in suitable dilutions of growth-hormones, has be-
come in recent years quite an established practice in horticulture, especi-
ally for species that are-classed as difficult to strike root, such as Bearberry
(De Francs 1938), the Norway Spruce (Grace 1939) and many species of
Rhododendrons (Doak, 194C). In certain parts of Holland and Scotland
there is a curious practice that has a basis in the production and transport
of auxins, of inserting garminating wheat grains into the split apical buds of
plant cuttings, to make them strzke root quicker. (Went and Thimann, 1937).
Indole-acetic acid, indole-butyric acid sand @-naphthalene-acstic acid are
found to be the most eflective in stimulating root production among all the
various growth hormones tested so far. The optimum concentration varies
for different plants and is the lowest for herbaceous cuitings. A strength of
02 milliarames per c. ¢ of water and an immersion period of 12 =24 hours
may be recommended, but in practice it is usually necessary to {irst ascertain
by preliminary trials both the effective and the toxic limits before using any
of these subslances on a large scale. For treatment by the lanclin method
{Sheap's-wool fat) a concentration of one millioramme of indole-acetic acid
per agram of lanolin is found aenerally satisiactory. An exitensive review
has been made by Pearse (19291 on the importance of plant hormones in
horticulture.-

(b) Effect on germination and.seedling growth. In disinfecting wheat
and other cereals with formalin or copper sulphate for smut control, the
germination is often adversely affected. 'Grace (1938) found that this
could be remedied by adring "0l to 5 parts per million of indole-acetic
acid or naphthalsne-acetic acid to the disinfecting solution. This pre-soaking
in dilute hormones was also effective in improving the germinaling power,
of old seeds. Davis et 4l (1937) have reported however thal indole deri-
valives retarded germination while ascorbic acid (vitamin C) was able, in
gufficiently low concentrations, to sfimulate both germination and seedling
growth in oats, mustard and water cress. Albaum (1940) found thai pre-
soeking oat grains in indole-acetic scid improved the final growth of the
soleoptile, though the early growth wes retarded. Pratland Albaum (1939)
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have obsarv=d that when seeds of Yellow Mﬂu Sorghum were soaked i
water for ditlerent periods before pulting out for germination, ‘the - ﬂhoni
growth was adversely affected in prnpcrtmn to- the durat:un ci snai-ina
Under similar trestment the shoot growth of another varisty of -sorghum,
Dawn Kafir, was not affetted. Since it was found by test that the latier
variely was richer in auxins than Yellow Milo, it is sugg=sted thai auxins gel
leasched out by prelongsd soaking, theraby affecting the augbaequgr;t growth
in Yellow Mila. This effect was not so pronocunced in the case of the other
variety Dawn Kalir, on account of its higher auxin content.

(c) Effect upon plapt growth Vitamins of the B group (i. e , vitamin
Bl, B, nicotinic acid) and other hormones like ' estrone and adenine were
reported as improving the growth of mustard and Cosmos planls in sand
cultures, by Bonner and Bonner (1940), They failed however, to obtain a
similar elfect on wheat and tomatoes, two much-sélected crop plants. Since
other workers, notably Templeman and Pollard, Minnum, Tincker and Min-
arik also failed o obtain any increase in growth as a result of adding these
vitamins of the B group to the nutrient solution the gquestion can only be
regarded as still unproven.

Vitamin C (ascorbic acid) has slso been noted as able to stimulate
plant growth by Havas (13925) who reported an increass of 25 to 30 percent
in the weight of shoots, in wheat and tomatoes. Hansen (1935) has reported
an increase of 35 to 75 percent in peas and found that such treated plants
were also much richer in vitamin C content -than the control plants. A
combination of vitamin C and indole-acetic acid was found by Davis et al
(1937), to stimulate growth in mustard, oats, cress and willow. In all cases
it was noted that concentrations higher than the optimum retarded plant
growth. ,

Indole derivatives and allied substances. The Russian worker
Cholodny (1936) obtained with oats, evidence to show that wvernalization,
which hastens flowering and fruiting increased also the .concentration of
growth hormones in the cells of the embryo. Seeds were sosked for 24 to 48
hour periods at 15 — 20°C, in different dilations ol indole-acatic acid in water
(10 —20 parls per million) and then grown in the greenhouse with appropri-
a'e controls. An increase of 55% was obtained in grain wazghtas compared
to control plants grown from seeds soaked in plam water. Loehwing and
Baugess (1936) using the same substance at a concentration of 60 parts
per million found only a temporary stimulation lasting for about six daysin
the ornamental plant Matthiola incana. A similar resuit was observed by
Greenfield also (1937). N. H. Grdce and his co-workers in Canada (1938)
tested the eifeci ol pre-treating -seeds of wheat, barley and soybeans with
different concentraticns of various growth hormones mixed with tale dust.
It is claimed that such dusts were simpler to use, easier for ‘storage and
safer than solulions in inexperienced hands and also that higher concentra-
tions could be used without toxic effects on plants, than is- possible with
aqueous solutions of these qrowth substances. An increase of 20 percent
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in dr‘y weighti and from 55 to 103 percent in root length was obtsined in
wheat ‘as a résult of {reating the seed before sowing, with a 2 parts per
rnilll::m toncentration of indole-acetic acid and naphthalene-acetic acid in
tale” dust, With barley and suyhea ns in sand cultures, they found that
the optimum concentrations were 2 p, p million and 10 p. p million
respectively of @ naphthalene-acetic acid. In a subsequent trial however,
with ten varieties of wi.ter wheat in replicated plots under field conditions;
Grace (1938) was unable to obtain any consistent result, as the responses
varied very widely, with a maximum increase of 13 percent in grain weight
ind 20 percent in straw weight.

Warking with rice, tomatoes and white mustard in Yunnan, the Chinese

- workers Pei-Sung-Tang and Shei-wei-Loo {1940) have reported acceleration
of growth and Hlowering as a result of pre-treatment withdilute indole-acetic

acid. Seeds were soaked in water for 24 hours, then taken out and super-

ficially dried and then again soakad for 24 hours, either in plain water for

controls or in agueous solutions of indole-acetic acid at three different con-

-centrations, viz. 1, 10 and 100 milligrammes per litre. After germination,
the seedlings were planted out in pots with sandy loam. It was observed

that leal production was accelerated in all the three crop plants studied,

and flowering also hastened by 3 to 7 days as a result of the pretreatments.

The experiment could not unfortunately be continued till the plants were

fully ripe, owing to the exiaencies of the war in China. The earliness of

flowering was_ more pronocunced with the higher concentrations of the

growth hormone, but the number of lesaves. produced was fewer. A similar

hastening o[ flowering. has been reported by Chullakhyan and Zhdanova

(1238} with ceriain concentrations of ir.dole-acetic acid on a large variely

of crops, like wheat, millet, {lax, peas, hemp and wvelch. Amleng and -

Niundorf (1937) reporied an incresse over 150 percent in the weight of

sugsr beat and 95 poreent in radish, but with seed potatoes they failed to

secure any increase of yield Thimann and Lane (1938), using relatively

high concentrations of indole-acetic 2cid on wheat and ocats, found an

acceleralion of growth, earlizr flowsring and an increase of more than 50

_pFrcent in the dry weight of plants  Stier and Dubuy (1939) also found
that certain concenirations of nephthyl-acetic acid in talc dust, were able to

hasten the flowering snd zlso increase the yvield in tomateez The oplimum

was 100 parts per million of naphthyl-acetic acid as seed dressing in talc

dust, followed by 2 minutes dipping in &n agueous solution of 10 p. p. m.

-of indole-butyric acid: Croxall and Oagilvie (1939) trzated seven varieties
of peas and two varieliss of beans with 5—2G parts per million strengths of .

B—indolyl-butyric scid, and naphthalene-aceiic acid as seed dressings and

grew them in {ield trials during summer. The yields of three varieties

ol peas were up lo BO per cent graster than {from untrealed  seed. A con-

centration of 5 parls per million ol & —naphthalene-ascetic acid was found

to be the best on the whole, but there wes considerable variation in the

responses’ of different varieties to diflerent dressinge. They also varied
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somewhat %ith external donditions ; #o thal no one dressing gave :an  opth-
mum effact on all varieties and under all eondilions. - Ogilvia subsaquenuy
was uncble to get any such posilive responses with two other. crops,: sugar
baet and lettuce. Zimmerman and Hitcheock (1938) found that root dave-
Jopment was improved considerably by soaking the sesd of onions, garlic,
carrots, parsnip and sugar beet, in suitable concentralions of grawth hot-
mones like indcle-ecetic, indole-butyric and nephihalene-acelic acids, bul
these subsiances had no useful elfect on the shoot qmwth being inr-‘fnctwe
in low concentralions and retarding growth at higher cnnremmtlon
At the oplimum strengths, treatment with growth hormones . incr&ased the
rale of metabolism as measured by the ‘svolubon of carbon dioxzide. Tﬂ
bacco plants when sprayed at suitable intervals with a solution of- ,B -'naplh
thalene~acetic acid at 300 mam per litre, grew taller and’ flowered earlier
than the controls (Zimmerman, 1941).

(d). On Parthenocarpic development of fruits. A number of these
arowlh-substances could also induce fruit-sstting without Flullin'!liﬂn, when
applied as a spray or paste to the stigmas or cut surface of the siyles.
Gustafson (1836}, induced such parthenocarpic development of fruits in
lomato, pepper, eqaplant, crockneck squash, Pefunic and Saipiglossis, by
spplying 1 per cent lanolin pastes of indolyl-acetic acid and other synthetic
hormones, In other fruits however, like watermelon, and pumpkin; he fsiled
‘o secuie such {ruits and in cucumber the results were not consistent.
Similarly Wong (1939) found that lanolin pastes of indolyl-acsiic and indole-
butyriz acid of 0'5 and 1°0 per cent, did not induce parthenocarpic fruif-
setting in @ commercial variety of seedless orange and Varrelman (1938}
sbtained only negative results with a normally p=1thenocarpic type of apple.
in a later communication Wong (1941) was successlul inproducing parthe-
noearpic fruils of cucumber, water-melon and pepper, using & —naphtha-
lene-acetic acid in lanolin paste.

Howlett (1940) obtained, parthenocarpic tomatoes by soraying the
lowers and buds with 0 5% solutions of indsleacstic-acid and indole-butyric
acid. Such fruits were more solid, "meaty’ and milder in flavour than those
ormed alfter normal pollination Between the two substances, the fruits
were larger in size when indole-butyric acid was used for spraying. Burrell
"1939) was able to increase the proportion of fruit-setting in musk-melons
{Cucumis melo) from 26% to 59 % by emearing a lanolin paste of 1 % indole-
acatic acid to the stigmas immediately after pollination. From lhe practicai
standpoint, it can only be said that qrdwth—hntfnnhea can induce parthen-
ocarpic fruits in some species, but it is not yet cartain w_hether this will have
any commercial importance.

In storing unripe fruits, Traub (1938) found that a wesk solution of
001 #to 0'001 %, of a number ol gmwth hormones could arrest senescence
and prolong the ,storage life of  orange, lemon, lime, grapé-fruit and tree
:omatoes. Solutions of 0’05 % and higher strengths, on the other hand
accslerated senescence and shortened the storage life. _
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(¢) On fruit shedding. Itwas observed as early as 1939 in America
that many of these growth hormones when sorayed in suitable dilutions on
apple trees were effedtive.in reducing the pre-harvest drop of fruits (4. C.
Murneek, Gardner et al., McCown-and Burkholder, Eab}ar and Marth, 1339).
Enzie and Schneider (1941) wera able to delay this ' pre-harvest drop’ of
apples ‘by 15 days, by spraying with a 0'001 percent concantration of
naphthalene-acetic acid. A second spray fifteen days later, was not quite
so effective as the first. qufmén (1941) sprayed McKintosh apple trees
10 days prior to harvest, with a 10 parts per million solution of naphthalene
acetic acid and SO parts per million of naphthalene. acetamide and both
were effeclive in reducing the shedding to 3 to 6% as compared to 40 to 48%
in the centrols. [t was noted that the temnaruiura prevailing at the time
~f. Eprﬁ}'ing was an i[mpcrrtant factor in the success of the spray in prevent-
ing shedding, Hilchcock and Zimmerman (1936) tested naphthalene-acetic
acid and its derivatives on five varieties of apple trees and found that there
was considerable variation in the responss belween varieties and even bat-
ween different trees of the same wvariely itself. All the derivatives of
naphthalene-acetic acid tried were more or less equal in effect Cool
waather at spraying time was in general unfavourable for shedding control.
Vyvyan (1941) at East Malling also obtained similar results with growth
hormones on apple trees, but pointed out that it was {irst necessary to make
sure-thst such sprayed fruits could be consumed without injury to health
before these substances could be used in general practice. For Indian
conditions and crops, it may perhaps be worthwhile to test these substances
on mango frees and oranges and alse whether these hormones would be
effactive as a spray or mixed with irrigation water, in reducing the bud and -
boll shedding in Indian coltons caused by untin.ely rains at flowering time-

(1) Negative effects. Against the posilive effects reviewed above,
must be censidered also a number of negative responses oblained by a
number of workers on, vanouscrops. Thus Templeman (1939) failed to
chserve with whedt, barlev, white ‘mustard, tomaloes, letiuce and sugar beet
in sand cultures, any useiul ar favourable effect with any of the different
growih hormones he fried Low concentrations had ne effect, while higher
soncentrations were often loxic and depr%sad arowth, Mitchell (1939)
tried the eifect of various concentrations of indole-acetic acid in waler,
renging from 1 1o 300 mgm per litre, on beans, marigold, coleus and
tour o' clocks both as a spray and mixed with the nutrient solution, but the
only visible effecl was a temporary curling up of the shoots. No increase
war obtained in total dry metter. Hwang and Pearse (19401 also found no
ncresse in the dry weight of plents, although the rate of reaeneration of
suds was al:celerﬂted when indole-acelic acid was spplied to the cul ends
of shools in Broad beans and oats.

Barton (1840) also treated a large variely of plants with different
growth hormones as vapory, liquids and as dusts, but was unabls to observe
eny stimuleling ellect on any of the plenls he studied, Similar negative
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vesults have been reporled by De France (1941°, Hamner (194L); Minmum:
(1941), Swartz (1941), and Youden (1940) on-a large variely: of- ﬂw-scies
and with various growth subslence: applisd in various ways. In'no: case
was lhere any delinita increase In growth or vield as a result of pretreat-
ment with growth hormaones.

Sreenivasen (1941) at Indore treated cotton seeds with a 1 In 20,000
solution of B —indolyl-acelic acid and also in plain waler” before - sowing
them in lhe field in nlots treated with a mixlure of composl and alsc the
growlh substance. He found that planta from seed soaked in plain water
gave a higher yield of seed cotton than thoge soaked in the q;awth aub-
stance This was sought to be éxplsined as being due to’the ‘total
concenlralion of the growth substance altaining somewhat toxic levels in
the latter case. A much fuller study is obviously necsssdry before the
optimum concentrations of plant hormones could be specified for all the
various crops arown under Indian conditions.

Conclusion. The practical utility of growth hormones can be taien as
established in the rooting of plant-cuttings, though even here negative
effects are not at all uncommon owing’ to the fact that the doses of
hormones that the cutling’s‘ receive must fall within very narrow limits. Not
only is there no single treatment elfective for all species of planis but it is
found that varieties of even the same species may vary in the optimum dose
of hormones required for successful rooting” Went and Thimann (1937)
found that addition of sucrose and dextrose increased the number of roots
" formed on &tiolated peza cuttings by indolyl-acetic acid. Other substances,
like vitamin B, theelin, Bios and various amino acids have also been found
to increase the effectiveness of growth hormones in promoting root develop-
ment. Laude (1941) found an increase.of up to 12 5 % in the dry weight of
Red Kidney bean |Phaseolus vulgaris), by adding indolyl-acetic ‘acid, but
& high level of potassium was also faund necessary in the nutr[enl su]utiun
for the elfect of the gmwlh substance to be {ully mamfes:ed

In the control of fruit shedding also, the practical value of growth
hormones is coming to be recogqmed. In the parthenocarpic development
of fruils, the results are less definite and the methods suguested, of lreating
the style or stigmas with sprays or pastes of the growth substance, are
less easy to apply on a large’scale.

Treatment with hormones for increasing crop yields, is still only in the
stage of possibilities. The resulls on crop yields afler tresting the seeds
with agueous or talc mixtures, or their nutrient medium with growth
hormones, are still very variable and rather contradictory.

In evaluating these coniradictions it has to be borne in mind that
agrowth substances like auxin o and auxin b are liable to get spontaneously
inactive (Went and Thimann 1937} in the dark and in vdcua, BAnalysis o
the inactive product {pseudu-uuxm'j shows no change in composition o
molecular weight, so that the change must be one of isomerisafion.. - Where
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negative results were obtained, it is seldom mentioned whether the arowth
substances used, were first tested for their' activity before being used in
geed-dressings and in othér ways. It has also been suggested that often
the lack of response is due to =nzymes which rapidly destroy these applied
growth -Hormones. Another complicating feature is that substances that
hﬁvé_chemically little in common, produce the same type of physiological
raa_pdnse, while others more closely related differ w{dé]y in their activity.
For example @-naphthalene acetic acid is one of the most effective in
stimulating root development, u&_hile its isomer P-naphthalene-acetic acid has
suly a very slight activity. Different soils also differ in their relative auxin
content,  And again, in many crop plants .and even varieties of the same
species, the suxin contents of the germinating seeds are apt to be very
widely different ; in such cases it may so happen that pre-treatment with
growth hormones brings up the concentrations to toxic levels that depress
growth. [t may therefore be concluded that although this method seems
to have some _possibilities, a good deal of turther work is necessary before
the apparent contradictions are {fully elucidated and a set of practical
recommendations formulated for general use.

Referonces.

1. Albasum, H. G., Kuiser, 5. and B. Eichel (1940) Amaer, Jour, Bot , 27 : 619,
2. -Amlong, H. U, and Naundorf, G, (1937) Forschungsdienst, 4: 417,
3. Amleng, H. U. gnd MNaundorf, G. (1938} Forschungsdianst, 5: 202,
4. Batjer, L. P. and Marth. P. C. (1941) Proc. Am. Soo. Horti, Sci, 381111,
3. Barton, L. V., {1940) Conirib. Boyee Thom. Insé, 115229,
6. Bonner, D.and J. Bonner, (1940} Amer. Jour, Bot,, 27 : 38, ;
7. Chailakbyan, M. Kh. and Zhdanova, L. R. (1938) C. R. Acaod. Sei. U.R. 8. 8.,
19 : 306.
8. Choledny. N. G. A'?Eﬁ] Naturs. 138: 586,
9. Croxall, H. E. and Ogilvie. L. (1939) Jour. Pomolagy, 17 + 362,
10. Davis, W., Atkins, G. A.and Hudson, P. C, B. (1937) Anwn. Bot. (r. 5.). 11329,
11. De France, J. A. (1938) Proc. Amar. Soc. Horéd Sof 3G6: 800.
12 De France, J. A (1941) Proc. Anter. Soc. Horti. Sci. 381 679,
13, Doak, B. W. (1940) New Zeatand J. Sci. Tech. 21 : 336
14, Enzie, J. V. and Schnoeider, G. W. (1941) Proc. Am., Soc. Hosf, Sei, 38: 99,
15. Gardner, F. E. et. al. (1939) Proc. Am. Soc Horti. Sci. 37 415.
16, Grace, N. H. (1937) Canad, J. Res. 15; (c); 538.
17. Grace, N. H. (1939) Canad, J. Res. 17 : (c); 178,
18. Grace, N. H, (1941) Canad, J, Ros. 19; (c): 211.
19. Greenfield, 5. 5. (1937) Amer. J. Bot., 24: 494,
20, Gustafson, F. G. (1937) Proc. Nat. Acad. Sci., 22 125,
21, Hnl:m:li:r. C. L. (1941) Bet. Gex,, 103 : 374,
22. Hamner, C, L. (1941) Baot. Ges. 103 : 576.
23. Honsen, 5. V, (1935) Naiure, 137 : 516,
24. Havas, L. {1935) Neaturs, 137 ; 435. .
25. Hitcbeock, A. E. and Zimmérman, P. W. (1936) Contrib. Hoyce. Thom. Inst.
8: 63,
26, Hitcheock, A, E. and Zimmerman, P. W. [1941) Proc. A1, Soe. Heorl. 5=i, 38 :
104, -
27. Hofiman, M. B, (1941) Proe. Ant. Sos, Horli. Sci. 38 : 97.
28. Hopkins, J, W, (1940) Prac. Am, Soz. Horti, Seci. 37,



120 The Madras Agricultural Journal [Vol, mxxiii, No.'®

22, Howlett, IV, S, (1940) Praa, A, See. Hortd, Sei, 37 « 880,

30, Hwung, Y nod Pearse, H. L. (1910) Aun. Bot. (5, s, 4131,

31, Laude, H. M, {1241} Bat, Gaz., 103; 155,

32, Lgehwing, W. F, and Bauguoess, L. C. (1936) Seience, 84 : 46,

33, McCown, M. ond Burkbolder, C L. (1939) Proc. Am, Soe. Horti, Sci 37 : 429.

4. MecRostie, G, P., Hopkins, J. W, und N. H. Grace (1938) Canad. |. Res. 16 Ib’:]
510,

35 Minarik, C, E. (1942) P2. Physial., 17 : 141,

36, Mipnum, E. C. (1941) Bet. Ga=., 103 397,

37. Minnum, IT, C. (1941) Proc. Am. Soc. Horti. Sci, 38 : 477. )

38, Mitehell, J. W, (1939) Proec. Ant. Sue Horti. Sei, 361 171,

39, Miichell ana Homner, G, L. (1938) Bot. Gaz., 99: 569,

40. Murneek, A, E. (1939) Proo. Amar. Soc. Horti. Sei, 37 : 432.

41. HNicol, H. [i‘)dl} Plans growih substonces; Leonard Hiill, Lid,

42, MNaorthen, H. T, (1941) Bot. Gaz. 103 : 668 .

43. Pearse, H. L f1£'39} Piant Hormones and therr ;f:rnnncnl importanoo f13 Hortionls
twre  Laep. Bur. Horti. & Viantw. eraps. Veeh. Com. 12,

44, Pratt, R und Albaum. H. G. (1939) Awmer. J. Hot., 26 : 822,

45. Bayre, C, B. (1939) Proe Am. Soo. Horti, Soi., 36 : 732,

46. Sreenivasan, A. (1941) Pyoc. 28th Ind. Sei. Cong. p, 262,

47. Stier, H L. and DuBuv, H. G. (1939) Pree Ams, Soe. Horti- Sei. 36 : 723.

48. Stewart, W, 5., and Anderson, . §. (1941) B¢z, Gas., 103 : 570,

49, Swartz, D, B. (1941) Hot, Gaz., 103 ; 366.

50. Tang, P. 5. and 5. W. Loo (1940) Amer. J. Bot., 27 : 385.

51. Templeman, W. G. {1939) Emp. [. Exp. Agri., T : 76,

52. Templeman, W. G. and Marmoy, C. 1. (1940) Ann. App. Bicl, 27 : 453,

53. Templeman and Pollard (1941) Ann: Bot. (i, 5.0 5 ¢ 133, -

54. Thimanp, £, V. and Lane, R. H, '1938) Amtor. J. L.ot. 25 : 535,

55. Tincker, M. A. H. (1942) J. Roy Horti. Soi 67 18,

56. Traub, H. P. (1935) Pros. dmer. Soc. Horti. Sei. 35 : 438,

57  Varrelman, F, A, (1938) Science, 87 : 414.

58, Vyvyun, M. C. (1941) Ann. Rep, East’ Mulling Fruit Res. Station. 1940, 46,

52, Went, F. W,, and Thimann, K. V. 11937) Phiytohormiones. The Macmillan
Book Company. N, Y, '

60. Wong, C. Y. (1939) Proe. Am, Soe. Horti, Sci. 36 1 632,

61. Wong C Y. (1941) Bot. Gaz.. 103 : 64.

62, Youden, W, 1. (1940) Contrib. Boyes Thom. Inst. 11 127,

63, Zimmerman, P, W, and Hitcheoek, A.E. (1938) Proo. Am. Soe. Horéi. Sci. 381
796,

64. Zimmerman, P. W, and Hitchcock, A.E. (1939). Contrib. Boyae. Thom. Insi.
10 : 481,

65, Zimmerman, P. W, (1941} Nafusre. 143,



121

«_Growth Hormones in Crop Production

Jatia 1948]

10 poqia|y | jo poijyeiN

[ P2y a3y (sagyatioa o1} |
aelys ot Yoz pue oread ut g[eLa) JEIY AL _
HET atvalool mnuxey (pajeaijday b H W Jajulpn o _ e
) . !
! asuuysns p1oE D13A0E !
(san)|no | -y3modid gy |- ‘auajegiqdun ) _
Alapim : puus) | Jsnp 2y 01 . ‘piav Aajaeg)
A13A patiua sasuodsay] s10d uj |poanows pass |  snoiiny aljanv-ajopu] g DTN _.._ﬂ_Enu.m paniny | IEAT
. qIM08 ﬂuﬂ.._:.u i
31 suelIEUasn0d 18Ity uoiIn| oy '
jaana ou . JUBIT 0 sl o pron FTEHE
PR STORPTIDN0D J3A0T] s30d u) o3 PRppY | o9l - 2t 213aqu-ajopu] R LIS | I e S| plaguady | Lol
. Yyimodd pap 4 ’
=19}51 £2A1jBALI2D 2jopU] : MOTTA |
b miaoai © lumpxnuia)ap] pun 'paryen |y P
PajE|NMIIS PIoU D1QJ006Y ) CpiawdIqIoasYy | 'SEAID) ‘SN0 A stan(] | 2r6!
noinjos : :
) L|uo sArp X15 10] jualnmnu " el cd B pou| _ ssandneg )
 bopeinm@iys  fiprodwa |, sjod 0| 01 pappy DET=-1 " oy WS pue Furmyao | 9gal
(dajBem ul payros spaas) 06T I e _
[031uoa  Jasa0  Jydiaa ‘511 R —FZ 10) wed | ptam i
utedd ol | eswaiout Jog pi3{nns spasy BE—01 | o1@du-alopul-g 0| W°s'sn | Cdupogon: | seel
. Yor—cg &q pasvaad | ’ : _
-U1 81004s Jo JyEtan £1(] srod of PIoE 21q1028Y BUa| puniuly UBEWRE | SE6I
Yoe—gz " * ram jooqg [ uonnjos Lt
. %os jTaLnu ‘wod d |(prae siqiosey =) Sap o | .
A pasearaurigdion jo0y s10d uy o} pappy 00S—001|  DupmeIy | 'SiEQ ey | ddellung BBATH] | 6061
P . | o dd . et ! 1
..u.:.uumm_. L S, 1 wanealee Y .ﬂ“_wwuﬁ__ﬂwu um__chw_u..mum R 1 R aan| TARIO NN mu“:ﬁ

199337 oapigoog  (v)

‘gymdany juojg uodn sR2ULiEGNS YIMOA9 jO 52013

[ XIGNAd4Y



122

~Vel. xxxt; N6/ 6

The Madras Agricultural Journal

133qasins pas

=..8an)I9L u013aPa‘oN Al

-aPIAVAlRa patIoa sasnod

7/ +531,30q “aloga aql uo’
389991 S04 piow ETRERT

piow
snaf)ng ajopur-g

“ransingygden-® mdde / 1001-193¢ )
.._.muuw_mgwﬁﬂh ot Eem__ forssazp|  vmdd Pralt-apeds "eanna] | (puegdng) lA[dO
%08 03 dnazamspieis doany PIFLg paas £1(] (z—¢ | euajuwgiydeo-2| ‘sumag 'seag jogs1ag pue [[exo1]) | 6E61
=T . > plovatiBuUId (S . ’ ! 2T
- Lo piag '
- ljeanjduaqd (F_ .

- PRAJOAS APLEOID OO0LND o plom d13a08 J203(231H pun p
ag) - AQ plinsvam -&B su0IIN|0s aua[eyiqdea (g " unwIawmwLz | 6£61
WIST{OQEIaUI §0 2]ud dagRey puw sxnodoa : pios _

B peqg sjompd” pajual], 84 0§|u pus anrfyng-ajoput (g digsang
) ) ’ pioe 304380 .
(D<({gl<lf )passazout : 831] | sn8dw-ajopul (1 |'s108q ‘OI18D) ] _
SUM $)001 Jo SZIS PUB I3 8anoq §z | 1ad ‘swiw guipnjou s20 'snotu) ‘sdoss }200Ud3tH pus
NG '8} U013INPOI I00Y J10] payeos | (0] ©1 (S [-UBISONE SOOIINA |-]0O0X SNOIT6 . oRrmiamumiy | 8E6I
Pauivlqo sea JudiaM . . o
A1p [mj0] ul Z1] 03 § puw -
1ayjuw pilos u} Yeg—
€7 JO 8s¥aldoul uw juawm xade jno aplmujane (ssemdpna
-1Tad)  910j3q pRAOWal 0} patjddn au[sgiqden puv snpoespiid) A3UWBE
3$1g 2194 spnq AIn||1xn ) ajsed uijouu %700.0 - ‘usag Aaupty] - pue [[aga3ipy | BE6T
sjueid jo jgdram A1p
ot pautejqo asovalautl Ype 50011813080
puu pausiser Holiamop -u0a gy saeT]
'Pa3n1a[a00E SEAM IMOID Apane|ay " 8180 "IBIUM 'Y S| puv oosmigy | 8E6
. . . KL S Gy
§3§82 JWOS UL ‘wedd PIOE | 'dmap ‘swaq vAOEEPYZ pus
pauajsey sva Juriamolg 05- 01 | 91390u-21opul-g | ‘e[ Ivaqm | 4SSN uedqye[ieq | 8661
jvaga 0N S901ui04 paay : o
asuaidnt 7gg ysipey
UI0S °N T00-0 YIta Jua) j . .
-002 1030S ul YE7y ‘uain wonnjos 53018304 paag i
jea| i %a.._ ‘plat4 ot sIn0¢ ¢ 10] N 1000 pron ‘gsipsy jiopunup
eseaIaur ¥ c[--1aay] andng Payuos spasg 03 [0 0 213a0e-ajopa] | ‘jeaq dednyg | Sfownian pus. duojmy | 1861
awmimny | wonywoiiddy | uwonwva suowIoYy
gloany JO PORISI | O POt -133u07y 434010 jJon[g ane(d 13HI0M e




123

&

E
3-8

ones in Crop Production

=
S
5
=
&
o
3

iy
=
.I_

. adays adid |13
psjojduiod ag jou pinon
‘3d X3 asMa] saAual
ng aijava sUOLIUIIUAD
-mos tati g sdoao a9ay)
ayy [[v ul ar1ea sfup f
03 ¢ soa dullanold | pay
-81a[a208 uononpoxd jeagy

‘p1ag d11k3ng-afuput

(3TAL I98au] spa RTLE 3N’

*L3jenb
ol 181 eq alam  sJIhd]
‘danjes-1ina) srdassouay)
-1ud pasnpul “juswinall,

*1qd1am urnad o) asualoul
ou sgs 2Iaf) Ing |o1)
-ugl umgj alow ¥o[ tisa
Muays pue %eseam jydizy
*ainjsiowl. [ewtido qns
Uit S100YE, JO Jydam’
Oy JoJaquunn Ul aseaan
-up Op] CAjuo s£rp 7 oAg

pajeiafanoe sem Buizajqry |

'§30jWoy pun

Imaga  ‘'sdold  pojyaages
‘-gonul ag) ua JoRfle Op
fSOUISOD PUE PAuISNLE
ol paaoidmy Ha0LD
. prae um.r_n...:ﬂ_.u_ewn. ‘wd
*d 01 :}o uoninjos enoanbe
~ue ur fowddip synuim
¢-Aq psmol||o) Folssaip-
peas. s8 plog ollwoR-[40)

o -ydeu jotwed d gord @

.mm_unm alj] pasedidu] 0s|e
pun uu:uaun pauaisey
CSMOTIRUIQUICD U FUIIa D)

sainijna
puss

saan3[ns
pueg

ooljnjes
auomloy
pou 333eMm Ol
£I00Y §7 20]
payuos spaag

jenp ofey ut
duissalp pasy

totingos
yoalnnu
0} pappy

: S3snp
am’ n_uﬁ

.wwu..m. Pous Sy

BRI
Jad s
uoT—1

1580 A
s 0

we. 710

[ n d
fcocy

[

wdd g

e dd
gorT—m

E

piov
pLjaoU-ajupu]

pran
atrLyng-ajopu]

oo
aMjase.-a]opu)

ptas
arjant-ajopu]

R GIFTRITN
"yt ume L

fitan apiaou
=l Agaydeu.2
prou
Dir&Ing ajopul
. Plow
J1j9au-aj0pu |

panIEn |y
'sareL |,
i kil

O3 WO |

Aapaeg

BOWEOTY
fga0luuin |
PAUIEN
TEIY AN

gaOInL |,

RUTEH

uELUny

VRN

VR

UoT-10M-1318
pan
up) -Aung-1a]

najsoy

suiydoy)

Jaunng]
puB Jauuoy

.ﬂ:wn.ﬂ

pus 1apg.

Ufol

U

0Fal

orotl

btol



Vol xxxtlii, Ho:d-

Tha Mardrns Aarfouliural Journal

4

‘PAATFBYC

plov 913a0%
auajeyyyduen-i2

(083§ 8124 §id0pa Huy sjod . purs jo piou
..Eupnﬂhynu:ﬂzu aswn Auw - |- ul sa1m syuvjd ayy | gy 9y aad .u;uuu-_h_cﬂr?ﬁ parysamn uiejtag
d_ pv:anuuu u.._.:.mwh..a_”uﬂmz ..Eu pang N no ﬁuhnunm ME 0ar—v 10 §1{U8 WAIPOY Aapang JE3IE) urwardwaf, | 4861
agy” ua mEﬂEun— poi. . . R =
Hoijano A1naodwag p s " asyemouoyy | .
J9apa Auoay ;. cpasnp SUIES TRRTFE A . £Y00[7,0 1IN0 ]
=0ad. 231w AIp (eio paxiw *=yuunjd | 1ad wWEm prao ‘prodiagy -
I 3SHAIDAL OU 68 LY | sed o) | uopadeadg oe—1 J1aR-a|opu] [ENA|07) "SHEIY s (129231 | 6861
81084 F eAljvFON (q)
oy, . .
Muosoa Fulsn jo j(us - ’ .
=31 psu_sofaqua dunod ’
a3y 30 ysoad agy ui _ ‘ parjog
punD] suss Saly Hg— . i . jo sodiqua
00e £]1u20 JO aspasdul Uy Al | jnuosony | plo-Avp-ua | * , - Xaaqraa) | 7861
s{rAlalin . . :
. 121402 Palasop siporad 18 :
OS]¥ pue 18|ty  maIH .3usjuepd agy | axgy aad PROUONAsE | wniuigdjagy * | Y20do4ymIiH pue
sjue)d paieadg uo padsadg | wHFw (o -fxoyiyduu-gf ‘ooauqo, ), “Woen aeuwIswmwiy | 16l
Ja)EM f
2l1sW os[v
- pue uornjos _
'SANOWIoN auouLIoy . .
uny3y pratd gaydig savd Ul EINUY 71 10 . ¢ prow {e1pay)
Ijea otwjid wr Fuiyvog Platyg | paxqeos epaayg | *m-d *d g¢ | - 213908-2]0pU] uenoyd aa0pu] UESBALUASIS | 1761
‘|Bl1a)u ' .
jueld 1103 Jo1gBism Lip -
Ul asnaiouy 3ad o) L1os . ApLvIa0n (s1e0dtna
-£a0au wnissey0d Jo[aa3] uaynjos oualeqiyden SHI09s O )
Oty “¥er o3 dn asealdng sainj|na juatiinn pus piov ‘unag
‘PRI0U SUOIIBLIBA  aApIp pues | @) o3 pappy | snouauy anadu-ajapup | Aaupty pay spnet | 1v6l
. ainin uoneat|ddy | uonyeay auOmio
S1%93d JopOtsTe | 10 powsI | -aduon 801D eld waild B




128

Production

yal

Growth Hormones in Cro,

@

June'19451

‘paLdy SAOUNYS
-qns ag) jo Lfue ag jun|d
Auo woe jaapa asnyisod op

*§1013U05 B QwY)
131390 L[joeayludis ased
ou gl alam sjue|d pajwal)

'FAIEN|OUOD JO AdUap
=143 -ang sjoo4 -pas sdoy
10 laoid o |uiagauag
§juaiiyvas]  -sawag jo
JySias Lip wo jaaye op

‘spuallEsl)
afs Jo Aue giim sswad o
A1isUap ay) Ul IsHAIIUY
JUSISISUCD UU SBM Faay |

"Paa1asyo

" a3q E_._ﬂu Euu.ﬁm H_..:amn ON

WIwoad o
O2{IB[NULIS B sha. 813l
‘gj0oys JOo spuz Ina o)
pat{ddu ji 3nq IB_E_E 1o
u..,_u.m__._. AIp OO Jaaga op)
BULMOS 13Y BYasm 7
303 A|Uo PIIPNIs (IMOIN

“juppd fuu ca uaag EEEIIE
Bupummns aapsud op)

. .u.nE.
Eu& gauo umanﬂn 19aya
o0 puy sUOlJeduan
=102 407 001ILUUad UG
Aup _:E. Ej2a0a (njosn opn.

Jsup ope) ut
Huissaap poas

uornjoy
joataiog agj
[1ism paxyw
pue dopdeadyg

Enp
w3 ut dm

‘|-ssa1p pass sy

sInoy ¥z
payuos spaayg

“RIEOP
put spinbi|

‘sanoduoa sy

sduissaip

pAag se 05| N
ugpnjosoad
-inw oy pappe
e . 00F—001

22311

Jad wm
O0l=10.0

snotamp

wt+d d
0€ 0710,

pio® o1jadu
suajeyiyduen
'TQ utwe A

o
*a 'ty E,_u,s_,_ﬂ_ﬁr
pran
anjaan |Auayd
CITB ERTE
avajuiydou-2
piae anjaau
auajegiyduu
T Buo3noy|
- Z
uBxnn '[{ uexny
pioe o1jeoe
—auz[neqdep)
. plow
alaking-ajopuoy
pioe
a13a0u-3(0pu|

%

pion
ajaon-ajupu|

_ 539
~aesqns yimoai
5 _..:.._.hﬂu_.r

| usway
~uusfayD ol
=[1ULL " ROMEOT)

Jamopyine
‘ysipoy

|

SSEId g
Ajanjuay

FUBBAOE
1=

FUUEE Puudy
' "SI0

SNG)I6p

L pABISi]y
fgaO)ruin
IIE) AU
NG AA| Iy
uana

ga03NMMo |

WS

[

ZyIMg

wpuu gy

Jaultey

aabuld -y

USPNO &

asIEd g
pue Fiem)y

uojdng

. .EE.E.E
pun ﬂ:-:.._.n._.EaP

1561
Tral

TH&T

1F6!

Urél

0rél

R

urblL.



