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T E C H N I C A L  P A P E R S  

A New Group of Plant Growth Regulators 

Otto L. Hoffmann and Allen E. Smith 

Nargatuck Chemical Division, U .  S .  Rubber Company, 
Naugatuck, Connecticut 

A new group of plant glowtl~ regulating chemicals, tlrc 
P\T-aryl phthalamicz acids, has been disczovered. These 
compounds, which are readily prepared from plithalic 
anhydride and arot~latic amines, can he rep~esented hy 
the gener:tl formula. I. The esters, amides, : ~ n d  soluble 
salts of' these acids, as  well a s  the N aryl phthalirnide\ 
(11) have heen found to possess sinlilnr activity. 

Where R is a hydroc:~rbon radical or 
a 11ydroge11 atom, and Br  is a n  aro-
~ n a t i c  group. 

'Plie nature and degree of the growth lesl)onse shown 
by plant* treated with ttiese che~nicals tlepend on the 
type and age of tht, plant, and on the eoncentration and 
identity of the ~~I~th:tl:rmie used.acid derivative T):>t:h 
from a field test in which Bonny Hest tomato plants 
having from one to three unset blossom clusters were 
treated wit11 rnmpounds of this group show the cffects 
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2-('hlorophrn~l . . . . . . . . .  ($3 

2,s-l)ichloroplkrn~'I . . . . . .  ti3 

2.4,3-'l'ricl1loro~)k~t~1ryl. . . .  fi:i 

:3-Chloroplrrngl . . . . . . . . .  63 

4-Chlornphc11?;l . . . . . . . . .  63 

4-l<ron1ol)ht~nyl. . . . . . . . .  200 

o-Tolyl . . . . . . . . . . . . . . .  200 

4-Sitropl~t,rryl . . . . . . . . . .  300 

2-Nilropht,nyl . . . . . . . . . .  632 

3-Hyrlro~~phrllgl. . . . . . .  632 

m-Tolyl . . . . . . . . . . . . . . .  R:12 

~)-l'olyl . . . . . . . . . . . . . . . .  2000 

Phen~1 . . . . . . . . . . . . . . . .  2000 


* T h e  t,ffrct was not pro(lucef1 at 
co~rcentrution t crtt~l .  

obtained (set>, ,'Fable 1) .  bheh 1)lant was sprayed wit11 
100 cc of a solution containing one drop of a commt.rrin1 
wetting agent (F:~lnllphor El,) prr 100 111g of rhenlic:\l 
used. 

I t  will be seen that  tho octivc conee11tr:ltions of dif'-
ftsrent con~pounds vary gre:~tly. A grnoral piittarn of 
response, however, is  ovident. At low ,concentritions 
f lu i t  set is  stimulated, and seedless tom:ttoes.:tre oftcan 
produced. A ~norphologjcal response involving :I h ~ o : ~ i l -
ening of the leaves is  11sually evident. 'Phis forn~:ttivl~ 
effect does not appe:tr to i11j11re the pl:lnt seriourily : in 
fact, in some cases the test 1)l:ints actually scerr~ed to l ) ~  
more vigorous than the unsprayed check pl:+nts. 

As the concentration of ct~e~nicalis increased, thc 
form:ttive effect heczonies more pronounced. Fruit  set 
is inhihited, :11thonglr t l ~ c  fruits  which :>re formed may 
I)e seedless. Frui t  set Itlay 1)e groatly diniinislied :lt toll-

eentrations which do not decrease vegetativr growth. 
At still higher concentrations (:~hout 2000 ppm) torn:rto 

plants :ire deiinitely injured, :~lthough seldom killed, by 
the more toxic compounds. Even a t  2000 ppm, however, 
many of the fruit-setting chen~ i~ :~ l t (  no(:BIIH(> al)l):~r.ellt 
ilidury. TII all of these experin~eiits the whole plant was 
spri~yed; no effort was ~nadc  to confine t,he spray to 
11lossorn c:histers. 

The effects of N-1-ua1)hthyl phthalarnic :wid differ 
from those of other men11)ers of the series. At 0.1 ppnl 
it rauscs a leaf roll, : ~ t0.31 ppm epinasty, and a t  20 
1q)111 stern swelling (greenhouse dat :~) .  I n  the field teqt 
it c~omnpletely inhibited fruit  set a t  20 to 2000 ppm. Thc 
vine weigbt was almost norn~al:it 20 pprn (the lovest 
eoncentr:rtion tested) bnt cq,innstic 2nd morphologicz:~l 
c,ffects were severe. 

N :1ry1 plithalirnides I ) t~ l r :~ \~~  nlucl~ like the correspontl- 
ing pl~thalamic acids. Compo~u~dsderived from second 
ary a~niues  (formula I, where R is a hydrocarbon radical) 
a le  less active tllan the vorrcsl)onding c~ompo~lnds in uhic.11 

K i \  a hydrogen atom. 


Maleic Hydrazide, a Unique Growth Regulant 

D. L. Schoene and Otto L. Hoffmann 

Naugatuck Chemical Division, U .  S .  Rubber Company, 
Naugatuck, Connecticrrt 

M:~leic hydrazide 11:ts I~et.11 fonuti to hart, :I 11ronollr1rc.tl. 
lrnt temporary, illhit)iti~tq cffcet ~ I Iplant growth. Thtb 
length of inhibition p e ~ i o d  appcl:us to 1 ) i s  clirectl- I ) IO 

portional to the ronrentrwtion used. To our knot%lrcigc~ 
this cff'eet is unique in that growth inhihition is 0~~1:tinc~l 
with littlc visible harm to t l ~ c  plants. 

M:rlric hydrwzide, or Illore properly, 1,2 dihp3rop)ritl.l-
~int~-:3.C,-~lionr, strnctnm11:i~ t l ~ c  f o l l o u i ~ ~ g  ( I )  : 
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It is slightly acidic in character and forms salts readily 
with alkalies. The free compound is completely water- 
soluble a t  2000 ppm (0.2%) but does not dissolve com- 
pletely a t  1%. More concentrated solutions can be made 
using triethanolamine or other alkalies. Heavy metals 
precipitate insoluble salts from such solutions. Both 
the soluble and the insoluble salts function as  growth 
tegulants. 

Maleic hydrazide, its cupric salt, and its zinc salt 
were dissolved or suspended in water a t  a concentration 
of 2000 ppm. Emulphor EL was used as the wetting 
agent a t  the rate of one drop per 100 mg of hydrazide. 
Six-inch tomato plants, variety Bonnie Best, were 
sprayed to run-off in duplicate with each suspension. 
The treated plants, in a greenhouse, failed to grow for 

FIQ. 1. Effect of maleic hydrazide on the growth of 
tomato plants. Plant a t  right was sprayed with 2000 pprn 
of maleic hyrlrnzide one month before photograph was taken. 
Untreated control on left shows normal growth. 

a period of about two month. Root growth was also 
inhibited. The controls grew normally. After about one 
month some chlorosis developed on the younger leaves, 
but otherwise the plants were normal in  appearance. 
After the quiescent period, growth resumed mainly from 

TABLE 1 

BnECT O F  ~ M M O N I U M  SALT OF DIALIGIC HYDRAZIDE 01 
THE GROWTH OF Tomam PIINTS 

Con-cen- 8 Days 14 Days 
tration Ave. increase Inhibi- Ave. increase Inhibi- 

in height* tiont in height* tiont 

Original height, 7 cm. 
Increase in beinht of control- In- 
crease in height of treated plant t % Inhibition = x IOU 

Incrense in height of control 

lateral buds. The plants had blossomed before they 
were diacarded. Other tomato plants were not killed by 
a 1% suspension, nor did they show necrotic spots. A 
1000-ppm solution produced a formative effect when 
regrowth started from the terminal bud. This effect 
was not pronounced in growth from the lateral buds. 

I n  another experiment, similar results were obtained 
wing the triethanolammonium and diethanolammonium 
salts of maleic hydrazide. These salts seemed to be 
somewhat more effective than the free compound when 
applied a t  equal concentrations of the active ingredient. 
This increase in  activity may be due in part to better 
wetting of the leaf surface, since wb have observed that 
maleic hydrazide is reduced in activity when the wetting 
agent is omitted. 

Fig. 1 shows two tomato plants one month after the 
one on the right was sprayed with a solution containing 
2000 ppm of maleic hpdrazide. During this interval the 
control increased in height about sixfold. It may be 
noted that the stem of the treated plant gave the normal 
increase in  diameter and that leaves already formed in- 
creased normally in  aize. There was, however, virtually 
no terminal growth. 

Semiquantitative growth data have been obtained on 
tomato plants treated in  duplicate with three different 
concentrations of the ammonium salt of maleic hydrazide. 
The apray included one drop of Emulphor EIJ per 100 
mg of the ammonium salt. Growth data were taken 
after 8 days and after 14 days. The reaults are pre- 
sented above in Table 1. 

Turf was treated with 8, 4, 2, and 1 lb per acre of 
maleic hydrazide. The chemical with Emulphor EL as 
the diaperaing agent was applied as  a apray in about 
200 gal of water per acre. The 1-lb rate had a slight re- 
tarding effect; the 2-lb rate inhibited growth for 1-2 
weeks; the 4-lb rate for about 4 weeks, and the 8-lb rate 
for over 2 months, when all growth waa stopped by cold 
weather. After the quiescent period, growth a t  the 
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I , 2-, and 4-11) rates alq)i.,~retl ~ro~nra l .  I( lueg~ass,  1)ent 
grass, erat)grass, plantian, nnd chickecrd were inhik)ited 
in this ex1)erinrent. Ol)ser\:~tions will 11c continued to 
dcterrnine whether the trr:rtetl plants will survive t11c. 
;\inter. During thc. colrrscB of this study there wcrr 
scbveral weeks withotlt rain, arrd thc inhibition period^ 
~nighf be altered in a more no~m:ll growing se:rson. 

111 one evperinlelrt i t  tool, rnuc-h Inole el~ern~cal to in 
11il)it growth of tomato plant^ when the c11e1nic:~l ~ : i . ;  
trrcd as a soil drench than whcw i t  way used as a spray. 
,\f:cIeic hydr:tzide nsed as  a prc,-errrergrnw trrxtmc.nt on 
,I v:~ric.ty of different j)l;rnts lr:ltl no inhibiting effect 
\\hen irsed a t  a rate of 8 111 pel acre. When applied n.i 
:I dust to corn seed brfole j~lz~nting i t  had no effect on 
Ilic amount or t~nre  of gerrnin;~tion, but the seedling9 
xnffered a market1 ret;ucta-tion of gro\stlr. As wit11 

r 	 foliage, the arrrount of in hi hi ti or^ was dirertly propol. 
tion:ll to the conccnt~;ition :il)plird. 

Eeference 
I .  	 ( 'III~TIIICI, Fo~~ : s~~~ :n~ . i s : : .A. pr.Tn. and H.  , I .  C h v m . .  
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A Preliminary Report of the Successful 

Treatment of Amebiasis with 


L. V. McVay, R. L. Laird, and D. H. Sprunt 

University of Tennessee College of Medicine and 
The J o h  Gaston Hospital, Memphis 

A\lrrct)iasis, or hunrwr infection by the protozo:tn p;rl.:i-
sito Radamoeba kktolyt?i.ce, is a world-wide and prev:llent 
iufrction. Although a grcsat dcul ~f work ha,^ been done 
with an1ttl)icidal drllgs, the treatrrrent of this contlition 
reln:~iuu unsatisfactory. I;ntler certain conditions, cal 
rently used amehicitl:~l d r n g ~ ,  t~s~)cci:illy enrctinc, inrolve 
t1:tnger of toxiq renc.tions. 

I n  several cases of other jnf+.ctions tre:itecl with aorco- 
mycin hydrochloride, we observed a n  alteretion in the 
gross character of the tool and a reduction in the fecal 
1j:tcterial flora. This e.cidenc.(. of local intestinal effect, 
rorrrbined with its known systen~ic action, led us to  in-
\entigate the use of :inrcwlrrycin in amebiasis. 

Three cases of infection with 8;.histolgtzca have been 
trc~icted with aureomycin. While t h i a i s  :I sn~rtll srriss 
a11d the patients have not yet twen observed for  :III ade-
(l11:ttc. period following t l~rrapy,  we fee! tha t  the rcairlts 
: I I ~xlrficient@ enc'nuragiog to warrant :t preliminary 
I t l l ~ nt so that  in\ estigation of this :ipparently rlscf nl 
(]tug in amebiasis might bt, furthered. 

W. W., a 27-y(wr old white m;~le complaining of flatll-
IPII(V,, lrcartburn, diarrhe;~, and malaisc. was founct to 
lracc~ trophozoitcs and cystic* forms of E .  hi.stol!ltica in 
his tool. After thr  adrnini~trcttion of 7.0 g of anrro-
rn?cin by mouth in  divided d o ~ e s  over a 3 day period, 
thr stools trecarne nrynti \c .for IC. histolylccu :~nd the 
II;It i t a t  hecame :tsymptorn:rtic.. At this time, the :Lilreo- 

,\nrc.ornpcin fnrninlrr~cl tbroupt~ tlrt. of tll;p ~ l ~ r r o ~ i t y  

I.r.tlvrl+~ L:~tn>ratories, P+.:~rl Hitc~r .New York. 


rtlycirl bloo(1 1cvc.l was 8 ~ r g%. Therapy was continued 
until the patient had brcn givcn ,a total of 19 g. Six 
negative stools have been obtained sinco treatment. 

No stool is reported as hei~rg negative until i t  has Geen 
studied by fresh ~al i i re  :tnd iodine prcp;trations, h ~ riron 
hernatoxylili stains, and by c.ultlrre. 

N. C., a 63 year old rolorrd ~na le  was examined becauscl 
of parm~mt~ilieal  pain, abdomin:rl f~illnc.ss, and colrstipu 
tior~. H. ~ ~ ~ ~ l o l ! y l ~ ~ ~ u ,t11r trophozoite and c-ystic in both 
forms, was de~nonstr:~ted in the tool. After 6.75 g of 
oral anreomyc~in in divided dosrs over :I 3-day period, the 
stools became neg:~tlrr. l'hiq p:ttient reccived a total 
of 21.75 g of aurrotrryrin. 1\11 of the g:rstrointestinal 
symptoms diuappearchd :~nd  I +  ytool examinations over a 
period of 3 weeks havr brcln nvgative for h'. h~.stol!/t~ca. 

4 .  T., a 43 ycar old cololrd l't.r~rale w:ts found to have 
troplrozoite and cystic forms of E. htstijlyttca in her 
stools. She of r:tthcr severeco~nl)l:~ir~c~ti indigcastion, 

epigastric pain, and fl:ttlrlmce. I n  this case, the stools 
11ec:~mc negatil cx : ~ f t r r15 g of :~irreomycin. 'L'hr tblood 
Ictel of aureornyc.in : ~ t  this time w:La 8 yg %. The 
p:~tient rccelved a total of 22.7 g of :rnreornycin. Seven 
11c5g:ttive stools lralr been ot)servctd since treatment. 

I n  the first trio caary tlrcre wcre no toxic r(v~ctions to 
:~oreomycin. Thr 1:~rt p i~t i rn t  cornp1:rinerl of n:tuse:i for  
48 hr after the. initiation of tre:ttrnent. No other reac 
tions were obscr\ rd. 

While it was recogni~t.tl that  r ~ cvclro and 111 orln 
:letion of antibiotics is freqocntlg quite different, zn ivtro 
studics were carrird out. H r u i t t  ( 2 )  delrlon~trated 
arrre1)icicial activity of ar~reomycinin mtro on the N R S  
strain of Bt. h~stol?/lrccl. Hirrce the NHH tltrain has been 
c;~rried ilr culture for n1;lnj >e:trs, we thought i t  might 
1)c o f  some irrtt~rrst to test In tlzlro activity of aureomycin 
on thtb thrrc ~tr:iinx isol:itLbd from the above cases. Cul 
tlires were iso1att.d and ~nanrt:rined in Nelson's egg yolk 
:~lcoholic. eutrac.t mc~liurn( 8 ) .  The first and second sirh 
czulturcs from one cltse, the third subculture from the 
second case, :~nti the ti fth ~ubcul ture  from the third caae 
were used for the assay tltudy. 1nocul:ition of several 
tubes was made from e:irh strsrin. T h c ~ ewere examined 
:it tllr end of 24 hr and only heavily ~wsi t ivr  cultures were 
urrd to  test the activity of aarcomycin. At  the tilne of 
t~u:imination, aureomycin u:ts introdl~ced into the cultures 
in :~~no\rnts  to 3.2 mg/cc of overlay.varying from 0.2 
ThF tubes mrert' then examined : ~ t6, 18, ttnd 48 hr after 
thc introdriction of aureornycin. All nnrtaba were de-
stroyed a t  the end of 6 hr exposure in the tubes having 
0.8 mg or more aureomycin per PC. Mont of the ameba 
in t n b e ~  having 0.2 and 0.4 mg/cc were destrogrd :ct thr  
end of 18 hr. At  the e?rd of 48 hr no anletxi were found 
in any of the tobes containing anreomyein, while all of 
the control cultures werct he:rvily positive. 

il much larger series of cz~srs with adrqnate follow-up 
exalninations after treatment will he neccsmry for  an, 
evaluation of aureomycin in the therapy of amebiaais. 
The work of Anderson, rt  (11. (1) has shown that  there 
is n suffic.icnt number of cases in Memphis to nllow us , . 
to :tcc.omplish this. Thc high hlood levels obtained sug- 
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