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COM.PLETE SPECIFICATION 

Gibbe~ellic Acid an·d Derivatives there~f 
We, IMPERIAL CHEMICAL INDUSTRIES -optical rotation f :• j ,,''' : 152, (~, 0.5 in 

l.:JMr:rEr>. of Imperial Chemical House, Mill- ethanol). . 
bank, London, S.\''· L a British Compariy, lvlcthyl acetyl gihbcrcllate-melting point 

·and PERCY WR:\G(; BRI.\~ and MARGARET 1 S0--181 · C. · · 
EDITH R_.\nu'Y and P1rn.1p JOHN Ct:RTIS and --·nptical rotati<l)J [ ~) 1,' ~ .. 150 '.c, 0.4 in 
GEORGE WY~l\I- E1 -;o~•. all British subjects, e::har111l). 

0 

of Tlie Frythe. Wc\w:rn, Hcrtfor<l~l:iin::, do Infra-red absorption curve (Nuj(.11 "mull"-
hcrebv declare rhc invention, for ·\\-·hich we Xuinl i~ a Rcgisrercd Trilde Alark) of 
pray th.at a p:.nei:t may be gran;,ed to us, atid materi:tl crvsta1liseJ from e1.hv1 acetate-
the method b.v which ir is to he perform~d, to light petr()lcum r:b.p. 60-80' (:.) as ShtiWn 

be particularly dcs.:rihcd in and .by rhe follow- in the drawing a.:cm11panying Provisional 
ing ·siatemem. ~ Spccitkarion No. 1923~/54. X..,ray powder 
. This invention relates to a new organic acid diffraction lines as· :shown in Table L The 
having plant gr~iwth promoting properties, intensities " I " of the lines on ·the powder 
and to active derivatives t~ercof, in ·particular phot(Jgr.1ph~ are. ei;tirnatcd by reference to the 
salts a·nd esters. The invemion further relates strongest ljne which is assigned an intensity 
ro a method of producing the acid by a of Jn. . , 
metaboiic · pro;:e~s. The invention further · TABLF. I. 
refarc~ "" 1.xnnpo~!tions for agricultural use X-RA y PO\vnlm DIFF~ACTIOJ\ u"'r:s OF 
containing the new acid Dr an active deriva- GIBBEREU.IC ACID 
tive ther~1f. . (ex- ethyl acetate) 
. We have found thaJ from J culture of · Spacing Intensity · Spacing 

Giberdla tujikuroi · '°lawada;. \Vt,llcnwehe~J ·· ., I" "d '' 
Intensity, 

.. I "· 
\ J'lusarlum moni!ifnrmc Sheldon: there may . 10,2() 5 b 2.786 . 

25 be cx:racred. a new organic acid hav-ing the x. 73 2 b 2 .. 687 
pm perry of promoting plant grm~·th. This acid 7,33 5 b 2.549 
is hereinafter termed gibhcrellic add. · . 6.69 w 2.485 
· The present invenrion therc~orc pr~wides_ a 6.01 5 h 2.418 
new ..'hemkal .:o:np11tmd. gibhcrellu: acid, 5.31 JO b 2.350 
:-.uch as is nbtainahlc from a .:ulturc of 5 .06 }. 2.305 
Gibhcrella fujikun~i. tht: :t•id hcing character- . 4.84 3} 2.249 
ised by the ·following properties:~. .· 4.60 7 2.172 
.·Melting p<•im 213-2'~ C. 'vigorous gas 4.33 3 2. 120 

30 

evolution). . 4.03 3 2.li40 
35 Optical Rotati<•!l ·1 · l ;.'":, 8.~ · · '" 0.5l in 3.~'> \\. 2.00J · 

111cthamll). . ~."'H :~ l.971 
Mcino111cthvl cstcr--:nclting p11i111 209--·· ·'·.54 l :~ · I.9.31:) 

210. C. . . . ~.3il9 I~ h 1.920. 
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w -~opti.:'.ai ··:rotatit•ll I 'I,. ·:.. ·;.~ r('. fl. 5 in .i.214 I l.8{';3 
40 cihauol}. · · ~.il8:>. w · 1.8.53 . .. \\ 

p :.. Bromciphcnacyl cs1cr--rnelting poim 2.99~ l ~ 1. 780 ·w 
218-219 C. 2.XS2 I} L698 

11 vdrol \'Sis w{1h hni!ing m ineritl acid--· I ... ,,. drnotc~ a wca'k rcflccri-011. 
mole carlwn di(lxidc c1·Plved. · · h l.knntc~ .1 broad .diffuse reflection,. 

45 Au~1yl ,!cri\'ativ1.'---~rneliint>, 1win1 7.n.·--' 'fhc ·:hirJ figure· bcvoncf .the dc.:i:nal pni111 1~. 
214 c. :<k..:.). 1-.:irl'lv ~ii~nifican:. · ·· · 
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Tii.- !ii\·c1ni<'l1 :1b.• · pr.,,·i•k' fut!lti1111,t1 
Jc r i , .. ii:,.(·' , : i::i i'ht·rcll i ,· :1,·id. " hi, h arc ,a It• 
and C•!cr' i licrL'";. h;1\'illl:! pl;im gww1il­
prnrn1•ti:1;! pn•pcrtic·. I \:llllJ'ic'. ·•I th~· c'tcr• 
iHdw.k .dk·,-1 .:-~:.-r, .1:i.!. 'I''" ifiqlh·. tht 
mcihyl. e1!n I. i~··pn·r~·I. hut.\'I aud Pd~:J 
esters. C<'lllP<'UnJ, iu whi1.·.h thc aknholic 
hyJrox\"l gniu1.l, ,,f gibhcrcl!i.. acid arc 
c~terihed wirh aiiphati.:: nr ar. ··m<lli· a.:iJ~. 
.spc.:ikalh· accti1.:, hutyri..: and bcnNi·: a,·ids. 
cumrri~c an addition:ll. npc 11[ (·,:er nf 
gihhcrclli.: acid. The ~alh prekrahly utib.cd 
arc the alkali metal sail' and •itber ~alts .;ud1 
a~ the :il_kalinc earth mctai ~alb. c.g .. calcium. 

Thi.: prc,eni. invcntinn al~n pr<'\'idc~. mix­
ture' ha\'inl,! plant gr .. wth-prPn101ing pni­
pcrtie~ n.>1npri,ing gihlii.:relJi, ;11.:id. <.•ran a..:tive 
dcri,·arn·c thereof. :md a diluent. The diluent 
may be liyuid Pr s11lid and :TI.t\' ;<•n>i't of or 
1.nntain pla!H nutrients. p.1nicubrlv '"tir1.·e~ of 
nitrogen 

Ft;rthcr. the pre,em :r1\'cntil1n pn·,·:dc, a 
prnce~~ Pl pr11dticiug girberdli..: acid ... r mix-
111n.:~ <.:l•riralnin~ sJid ac·id. c(llllprising 
cnltivating <111 ,;,·n·.-e .-train ol <.iihhcrdla 
fuiikurni ·in an aq11e1".I' medium <tnd . ..:on-
tinuing the ,uh;\'.i:ion .1f1cr J..:ii\'e grnwth ha~ 
.:cased. 

Gibbcrel11,· J..:iJ 'n:iy he prnducc~d by 
(~ ihbcrclla fujikur"i when grr,wn as a surface 
-:ulturc llr a, ·:-r JL--cr. ~1:n,·d ;111d aerated 
-:ulture in a 'ui1;1bk aq11c«th nK·Jium .. \ -uir-
ahle medium mu~t ,-,,nt.1i:·1 .1 ,arh.111 ~rour.:c 

_l:.g .. ~u1.:rn:-:oe. gil&li~~c ·.'.r ~iy;..;.·r:·.:. at 2--'0 
35 I\/\·~. an amm11nium ~alt nr ,1 nitratL 11r .1 

J{gc~t .,,· pr<'lcin e.g .. p~pt•'lle "' nim•~n 
~nurcc ti' !!ivc a ,:1in..:e11trat i<'l: · .,f ~ in th..-: 
1111:diurn <•( O.ll l-0 .. 'i . a u•r:.t·nrratim1 <•I 
(l.I !S bi.:ing !!Cncrallv ,uitai'\c . ;; m.1gnc,iun; 

40 'alt c.l! . :1i".1gnc-iu;11 -;utrh:1:,: 1-... ~•:;tl:\·Jr;l'l' at 
ll.1!_'.' ::· 1 herc.1bot1l,,l\h:..:h :ih• c•'!l\C!lienrl\" 
a,Jd, ,ulpl~ate ·11 h1 .. :1 i' al•·. D('(L''':1n· hut 

which·· ;nav he .1ddc..'d in some ;•ther f1•rn: ·:f 
.mothl'T ;alt 1lf :11agnc>ium ;, u~cd'. .. 

45 phn;;rl;Jtl' e.g.. p•Ha,sium ,!ihyJrngc11 phos­
ph.Hc :1t fl.•J'-O.' .. P I t'cing :1 'llitabk 
... ·<•i1:cn1ra1ion'. a p<>U~~ium s~ilt ·,d1i..:h ma\· 
be t'<'ll' cnicntl\' the :lh• i-r>hate. 'cc aho\·c· and 
traLC' ... a. l-_:_lil,p.i1.m.· .'f nie';il· oi ~ait~ ,,f · 

50 1n1n . ._;•l'J'l:L i:inc m<UH~:illt:'C .inJ a tr:kl' · 
·] ..•• ]1 ;' p.m. nf metal! ,,f .1 :r .. ·i\·bdatc. 

h:n;;,·r:!~tli<•ll' c·an he Cllnl"LT-ii:ntl\' .:arr:c·.f 
"il~ ,;: , ;c·npcratmr i1: •hL" r.llli.'.1· .>-··· l \ < · 

~111 :t:i .. tra:n~ 1.lf :he ~·u:H,!U~ pr,,d~1u.: 

55 gii'tll'rt··i:, a,·id. Rt",l!lh d te'~~ . :rric.i •'lit »i; 

·lt \·anl·l\ ,l1 -..train:-: J1~ 111<.ii(~i.I;,· li1•\\-C\"l'Y t!1 .. il 

=--train~ i-..d!atcd frCln1 n\..~ :i-('c,! .!ii~'.'- ~nf(·ctc..\..! 

\I ith 11;,· ·· bakan<H: .. disc a,,· o11-:- !l<•rc· likd\ ; .. 
prn<lu ... ~ gihhcrelli,· a.:id than .:r.1!:1.; i•,.1la1cd 

60 fn 1111 < 1 ~hcr :11l"t plant~ "u1..h , ... ~·1·::1111. ni~tizt 

~md f'ine~ll'!'k Of ~train~ i•>1!nJ ·•:: '11!!.ar ..:anl' 
..,,, 'i:\.' a?c .. 1 .. :U\"C' Ul rrnJu.._;11_1! t~j~,~~cn:!!i(· ;;_Kid. 

111:er-.. .ire.· Jh·~ "lra:t>- ··i =I~! :11?1!.!u~ "'·hi._·~: 
;~r.; ,l'.1 1: 1 }~v ;H. id :1r1..· '.!t;·;~ .·. -L1t~i ..... ali\· !ll-

1
"'.1"1·\.ilh .. I,' 

11011c •• ind whttht:'r »r 1111t .1 st rai1l i~ ;1di\'t' L",111 

hl· .kt ermined- 11nlv by gr111\ '.ng it and tcMing 
1hc ;ulturc. 

"itrJin~ .. r~:( i-ibhcreil.i llliikimii which dn 
produx ~1htll.'.n.:ili, .1, 1d . arc the· so-called 
" Sawai.la " anJ .. :\liy<tk(• .. strains obiainablc 

· from the Ccnt.raalbureali rnor . ·si.:himmel­
..:ultur~ at Baum. H11lland. ·Four strain~ 

numhered 111n 1. Ii Jt 1-L l 1.35 and 1139 in our 
:.:ullecti<lli .. r ~.'m1,ulcb arc also .pnxhu.:tive of 
gihhcrclli. a.:id. Sample~. nf these strains haYe 
hccn .h.:p1>~:u:~! ·\1·ith .the Ccntraalhureau <.1nd 
with thi.: ' Commonwealth . ,\.\ycological 
Institutc, KL"'I>·. ~urrey. Cultures of the.se 
::.train~ when . gr~'wn as described herein will 
contain ~ihh:teHk adJ. 

A method 1)f c.ihtaining gibbercllic acid cnm­
prii;es gencrail~· the following steps: -

: i;· !!r••wth 11!' 11 nwuld culture in an aqueous 
irc:dium: 

·ii: lihrati<irl :tnd extraction oi the medium 
\\ iill ai1. aJ~c·rhcnr; 

1i1 e lut i1m ; pf 1hc ads<irbent; 
,iv. puri"kati<!ll d thi.: acid oHtaincd h\' the 

.:iui1nn. 
A prdcrrL·c,f achnrhtm i~ a(ti\~ated charc11:1l. 
.(iihberellicca(id ha~ been pwduced in still 

anJ in ~tirrcd ·culum: 11~ing Raul-in. Thom 
1rn:dium c<>maining ,u,rnse as the carbon 
Sl 1UT(l'. ' I 

T,, ohrain .. ~1axim11:n Yield~ m ·stirred 
c!:lturc' it i~ _ncccs~an· k (arrv fermentation 
••n iPr •.rhJl is°J long ti111e hY ti~ual srnndard~. 
Th:, ",j;.,wn:hy.thc t'uL(lwirig yield/time data 
f;•r !111 .1 l:tn: hah:h l'f Raulin-Thom mcdium­
i:••m.aimng 4 - sucri1~e. initial!~· adjusted to 
rII '.5 and aC-? C 

T\HU·: II. 
I I:·•. frrmcntari: •n 

I I,..- -
l4f 
iM 
1~7 
2i2 
2.~6-
2r,2. 
2"4 
' 'f· 
-111~ 

Yidd :·mg.JI.; 
lS 

I• q 
• 39 
~ ?->2 
H1i 
92 

• l \S. 
16(1 
-1~9 
IQ~ 

:249 

lhc : i1m· .11. \\ hi,·f: g1hlwrc!li-: .kiJ hcg1m lt' 

a.:•:u11111la1c 'n•a l11!u1re of" •uitahlr ~trait? ..: 
tiii•hcrd];i !u.iikun1: a1i-l the final . v1cld ,,f 

i!ihbcrellh :1Ji.l an· :nllucn.:rd hy the c·nn­
•t'ntrati:in' ;rf :he ..:arlwn srlurce a~1d nitr11l!CI1 
'<>ur~·c and h\ the ratin nf rhc~t· twr• con(:cn-
t:·.1· ion, in the· mcdi·um •bed. .. 

The foll(l\l't1.1.l! "Example~ are !!;\'en· in illus-
1.LniPn. ·· ... · 

:\ gibhcrcll;ic ;i,·jd. rruJt.1(1111! ,train of thl' 
:11 .. \ild wa' l!f11\1 n :n .~( • litr~ haidw> .if " 

. ;· .. !li1:J1 ··'! ~hi_; f1 1 ));1",~ !J!£ ~P!:~t'11,ifi11p 

.\ 

70 

75 

80 

85 

90 

95 

100 

105 

110 

11~ 

6 
120 

125 

-- , 



' ·t·' 

.. 

5 

10 

25 

30 

35 

40 

45 

50 

55 

60 

•. ~···-···· •h••·""•"·····-······· ......... ·-···-··--·-··· ~-· -

n1,1~nc~~un? ·,uirih;11t· ?.(t 

potas.siwn dih; dn•!!Cn ph•''l'h<l11: 
min1··r cknll;lll ,;, ;n..:entrate''. 

J'O 
tiO 

glui..,.":,sc n1nt;;<1h:·dratc , 
~HnnH,niutP nitr;t!c 
wal('r 

''Th: ((>mpc>~\tion ,,f 
c:cntrate was.: -­

FcS0 ,.7H .0 
CuSO,.'l-IP 
ZnS0,.7H,O 

ti. I gm. 
f'i:Ol 5 ~111. 

U.1 gm. 

gn1 
g1n. 
:nl. 

.\\nSO ,.711. 0 
K .,\\pO, 
\\':ilCr 

1.Uil gm. 
(I.( I) . !!111 

1(10 1.111. 

The medium \1ia~ \tirred, aerated at a rate 
Pl J1i \ilr6/minutc anJ :naintained at a tcm­
pcr:nun:. nl 2~ C. The pH value oi the 
nwJium \l"<I' adiui-tcd w 4.5 before sterilizing. 

Yield~ nf gibbcrcllic acid <mg./L) at 
\'ari('lh : imcs durin~ fcrmcmatitm on media 
c11n;ni:iin~ d!tkrent' c:onccmrations of glucose 
and am11Hmium nitrate arc given lu the 
J P!lowing iablcs. 

T.\BI.E III. 
Yield of Gibhcrdlic a~·id (mg./L:: 

'Cnncentrarinn of NH ,NO. (g./i.! 
Ghi.·'~t 

.\h'r«'b·,!r.1tt' 
Hour~ of 

fcrmt~n1ati11r. 

12(! 
161 
19' 
'") .. , 
.:. l-

2i9 
2'>!-; 
3·~0 

4il2 

1 . .: 
·------·· 

]Q 

111.2 
13° 

2.4 4.S 

<;(} 

1-16 44 
IP 204 
:~ 12 2M 

--·-·--·---·----------------· .. - ---·---------··----
i3~ --
lMi 
IS) 6' 34 
210 4 
2s2 1()0 71 8 
~IJ~ in-; 71 5 

·---·---· ---------·--., Jon 
! i ~l 
ir ) 
lfd. 41 l <; 1 

Jx' 42 -: 

9.6 

49 
5 
4 

5 
8 
~ 

' 

-·-----·--------···--·--------------------------------
]30 ".\ 

1 !,3 20 
2'5 __ ,.,._, ___ 12.~ 

2'\<l iH 
2:{~ lfi2 
~It? 184 

311 2-H 
~ll2 ~64 

·l26 ;r,~ 

-~-: .~ 4n;-: 
(,jl-: q-1 
(,(>{) 424 
"':')}\ 465 
'.'S) .'ill 

---·---····-····· ·--· ··----·-----~-·--~-4~--.-- ··-------·--·----~---.-·----· ·--·--

·1 ~ies~ r~'.'-111! 

g;b:.!creJ~it. ,i.,.-:..1 
:~! ~hfi 1"1\C'/,"J-

! : .. n: .. ~.-...t..'' \i. ~ U1 

\'.\) !' 
: n~·n:asin2 rati(1 
the vidd nf 

15 

20 
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T 1111 t I\. 
'I :~v . '' ';;h!;Jnl·!li,· :kid mg./i. 

- ... ____ ····----·-·· - --·· ··-- - --· ----------· . -·------------
0.12 

-----------------·-·--'--·----- -··---'-·--------:-----
DextTll~l· 

16 q4 
:--

4 H 
2 ' 

(c) in media of ·given gJu,:osc con(·cmratit111 
production of gibbercllic. acid ci1mmences 
soonest in media of low NH ,NO .. wncentra-
cion. . 

(d) in media of given NH,NO" concentra­
tion production of gibberellic acid corn_me~ce~ 
soonest in media of low glucose concentration. 

re' Gibbcrellic add is prodm:ed bv the 
fu~gus only during time~ when -it i~ -
accumulating <1r ~uhsi~ting upon internal 
reserves of !~It and carbohydrate. that i~ m ~ay 
when nei protein symhcsi~ or acti\·e growth 11f­
the fungus ha~ heen ..:he.:ked by exhaustion l"f 
either the ni1rt1gcn .1•r carbon in the nutrient: 
The hest c1>11Jition:.-- for produ.;tion ,,f the:: 
.Kid appear tn he those in which nitr<>gcn is 
the factor which limits a..:tive growth and 
carbon is· in e~ccss th<1ugh. of wurse. it i~ 
nece.ssary that sutticiem nitrogen he "riginaily 
present jn the nutrient w p!rmit adequate 
growth of the fungus before acid producti<in 
-:<>mmences. 

In general, high yields of gihhercllic acid arc 
11htained hv growing the inc1u!J in a nutrient 
containing· from 0.2--0.3 · ammonium 
nitrate (o'f equivalent sour~e tif nitrogen\ and 
from 10-30'. · gluco~c :·,llr cqui\·alem snur.:.: 
~1f carbl1tt), i.e .. from 0.07--/J.'l · ~ ;md frpm 
.U-10'. c. 

EXAMPl.F l. 
For still culture the Raulin ThPm medium 

wa~ dispensed in one litre 1wrtil>ns in earthen­
ware \·essels .ind the ,.:ultur.c~ i1K11hatcd for 
about· ten Jay~ :1t 25 . lill'uha1 iPn t11 stirred 
(:uhurc,, la!ited 1hrce to tin: d<t\'s al 2 'i . The 
,·ulturc filirate. llf pH 4 or !cs;· aJi11stcd with 
N-hydrochloril· acid it nc..:c~sarv "· wa~ 
cxtrac1ed wi1h 10 · g./I. .if H.D.H. -activated 
.:harcoal. The air Jricd charcoal · .... :onraining 211 
IP ~11·. IJ}(lismrcj 11i1~ l·ominunusly eluted with 
acc1nnc. and thl' clu:lll' c\·apor;.1tcd under 
rcJu(cd pressure IP give ai; aquc1•us '"n' C-11 
trnle 1\hkh 11a~. extra<.it:d twi~·c with a: le.1st 
a11 equal volume ,,f ell:°' i .ktta11·. Th,:·, 11111 · 
hinl'd i:-1hyl :llcl:W: snlul!nns werl· n;1 raded 
twii:e with 2'i 111 1heir nilurnc 111 p!J"'J'hate 
hutfer pll fl.~ I ~fl g. Kif l'O .. ind 2·! g. 
KOH in I l. 11! 11:1tcr .. Thc buffer l:"lr:1u~ 
were cmnbinc.l, .1dju-;t('d 11. pl! .u... and 
extract«:d t'.\iu.· 11·ft"h .m t.·411ai l"P!i11m· 11! ethyl 
ad:talt. On •:••!kl'lllratiug 1hc~e cx1n1ll~. fft1de 
gihl)('n:lli, ;i. id 'n·,1aJl'i,l·d ?Ii \·it:Jd, .;j .1h11111 
-1•1 :1~1· /! Tl:• milt .11 id ·v:i' p1iri!ti-d hv 

211 
(ii) 

Jiil 
,'I 85 
. -'.4 

~ .. 

148 
2JJO 
118 

50 

adding .. m ·equal~' volurne of light petroleum 
(60-80 · C.) to ·a. soluti.on in boiling ethyl 
acetate. Repetition of this process gave pure 
gihherellic ;J.cid a.s. jagged lathes decomposing 65 
at 233-:--235 C.._pptical rotation [>) 11 "'.,. 86". 
(c, 2.12 in ethamil). (Found: C, 65.9, 65.85; 
H. 6.6, 655. Eq. \\'t., 342. C,·,Hc,O•. requires 
C, 65.9:. H, 6:4' -~ Eq. wt. (mnnobasi<.·) 346). 
The molecular w~g~t has beeri confirmed hy 70 
the X-ray metlwd. The unit cell wa~ 
tetragonal and h-ad ·a· b I0.905. c 28.74 
.\. The dcnsitv was 1.34 · 0.01. whcrn:c the 
molecular weight ·ys molecules .per unit cell) .. 
is 34~. ' • ' . 75 

Direi:t extraction cif the ...:ulrure filtrate with 
. nrgimic solvent will remove gihherellic acid 
hut .1101. · s1 1 effecrivelv:.~s when charcoal is used 
as in the above EXaruple I. 

The empirical ·formula for the acid and 80 
' · · ·coox 
derivatives·· would"· --~c !C,,H ,,;O_;)OY 

OY 
wh~re X may h~ hydrogen, alkyl . or aryl 
radtctl nr metal af!d : Y may be· hyJcogen n1 · 

aq·! radical. .· ~ . , . ·. 
(rihherelli,· aud -gi\'C• .I methyl est~r, m.p. 85 

204-210 . C. .. ,,r·:i.:al rntatinn •[,.Ji,•"' .. 75 
.'·· 0.5 in etharniF. :F11u11J: C, 66.65; H. 
h.>-15; 0.\1c. X.'. c_.l-L,O, require~ C, 66.n'i; 
IL 6.'.': 0;\k. x.~ . .- ). with either, diazo­
mcthane or mcthvl ·. i0didc and potassium 90 
,·arbonatc in a.:etone. '. The p-hromonhcmll.:yl 
cs1cr ha~ !11.p. 2L~-219 C. (F11und: C, 
."i-'.6:': H. 'i.O: B.r. 14:.~5. C.l-LO Br.H .. O 
re4uires C. )7.:'5: Jf. S.2: Hr. 14.2-:, •.'Al:et}·l­
gihbe~dlic a..:id. m:p.· 2~~-2.:q .·. C. (dee~) 9S 
11pti..:al n•tation I.' I;:·'· · I ~2 (c. (J.5 in 
ethanol.•_ .Fuund. C. 6·:~. l: H •. 6J 5. C., H. ,0. 
nw1ircs C,· 64.9: 1-1. ·6.2. ), prepare\) \\·id; 

- acet:il · :mhydridc in, .. p~·ridine· at rQom tem­
perature .. ~:ield~ ;i · _incthvl c'lcr. m.p. I HO- 100 
J~J C. optical "rotatiPll l,j .. " · !)() (c:, 
tl.4 in ctlianul' .. Fnimd · C. f>i.3; ll. 6,7.· 
C.JL, l) require; C. ·fl\.6< II. fi.5 ·, \ also 
11htai1icd hy :11..:c1ylarini 1ncthyl gibher~llatt. 

A~ lunh<.'r exarrwlcs 11f alkyl e~u;rs of .lOS 
gibhercl Ii, acid .thi: tlillowing were prepared i.n 
ead1 .:·asc hy interaction 1 ;f the. carhoxyl group 
"' gihherellic ;Kid a1~-d ·rhc appropriate Jia7.ci­
h,~.lr11l·arhon in a ·.~uitahle solvent:. ethvl 
gibh~rcl late form~;. · a hc;ni·· mcthanolat~. 110 
pri,ma1i1. needle~. 111.p. f'i0.--:1-; I C:. '.hilfnd: 
<. f1'1Jr. II. 7.6. C.·11.,0 .. '.CH .0 require' 
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(:, 66.2.: H, 7.2 \\hid1 1>n bcin!! !1catcd w aci.l in 7 ml. ni mcti1;rn"t \\;li5 cooled t(! o C 

146 C. in <;<1"'"' vic!Js the solvc.m-frce Clltcr. and an exec-.!> nf dia:wmcthanc i11 ether was 

m:p. 155-! 56 C:. 1, Found. C, 67.3; H, 7 .2. ;1ddcJ with ... tirring. Five h{iur~ after the 

c,,,Il.,,;O.,, require!> C, fi'.'.4; H, 7.<r .. ). i.Hl·· \:llll\pl<::i1>t: l'l 1hc .idditiflll, lbc so\titil>n was 

S. Propyl gibbere!hnc form<. a hcmi-mcthunol\l:c, . p!J~~·d nn ,1 watcr~hMh and rapi<li,v ev;1ptiratc<l 70 

needles, 1n'.p. 151-152 C. ,·y\iund. C, 66.'i; t<i drync~s. The-residue wa.s cry:milliscd from 

H, 7.7. C::.,H"O .. , iCH ,0 require;; C, 66.k: a '.1em:cnc-mcthanol mix.mrc w give l.59 ri1g. 
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H, 7.5': ... ) .. Jfotyl gibhcrcllate hcnii-mcrhiln<Jlatc· .;·,f 111-..:thd ~ibbi:rc!Jate mclring at 20.s-210- · 

forins · pri~matic needles, m,p. 152-153 · C. C. ·After a ~c.:ond crvsi:allisario.n, . 1 he. ester 

(found: C 67.6. H; 7J.. C.,,H,, ... O .. , ~CH,O melted at 209--21(1 . C and had· an opckai 75 

rcq1.tir..:~ :C. 67.4; H, 7.1· ). Octyl gibbercllate · r(ltation ,1f !»];,"" 7.i , when detennined i:n' 

forms prismatic needles, m.p. 157:_J59' c. a 0.5 percent soluciori in ethanol. . 

(Found: C, 70.2; H, :-q. C~Jl,.;~O" ·requires (H.·: A mixture ~,f l.25 mg, of gibbcrellic 

C, 70.7~ H, 8.4 .. ). 
add, OJ in!. of methyl iodide, 0.7 g. ·of 

Further exa:nples A esters formed by ·anhvdrous potnssium carbonate and 7 ml.' of 80 

acylation' of an hydroxyl group in gibberellic drv' acetone was heated under reflux for 8 

acid ·are: -butyryl gibberellic acid, m.p. hour~. The acetone was disiilled Qtf and the·' 

192" C. (Found: C. 66. l. II. 7.0. C,_,H,.O, residue \vashed with water and dried. Repeated 

requires C, 66.2;... H, 6.8 . ) pr~pared ·with' crvstaUisation fnim a 1nixture ·l.)f ethvl . .acetate 

butyrk anhydride in pyridine at ro'mn tern- :-·'a1td benzene gave mc~hyl 'gihherellate melting 85 

-pcramrc, and hcnwyl gibb-ercllic acid, ~n.p. ..at 204-205 ' C. 

204-,205. C. •.Found; C, 692: H, 5.9. · ··• Of 1..our!tC, the 1•ther cste.rs, ~s ·generally 

C~,Jic,;0, :requires C. f31:j .3; H,. 5.S ";,) pre- nmcJ !1crcwforc, .:an siinilarl)'· he prc.p~rcd. : 

p3red wirQ. bcnz(lyl chkiridc in pyridine at The pn:parati(~n of. an ester fn>m' reacci(ln 

room tempcrn~ure. 
'pf th<: gihh•::r..:iiiL· acid-with an acy.f-group··d1ti- •90 

Exampl~ of ·derivatin~s of gibherei!k acid tainin)! i.<•nip·rnmd i1' illlr'~!fi1tcd hv· the follO\V· 

in whic.h the carboxyl grmip is esterified an;:f ing c;o.;ample. which shc1\Vs the genc~af·mc~h(.)d 

an h~·droxyl gn1up is acylarcd arc as follo\vs·: ....... ·of preparation of lillch. esters, · 

. ethyl . accryl gibbcrei1a1c. rn.p .. 2027 204 - . C. EXAM1>1.1:: -Ill. . . 

(Fo.und: C, M,>.n: H. 6.9. C:).JI;,.07 requireF> To ;J ~oluti!.in (tf l B' mg. of gibbcrcllic acid. 95 

C. 66.3 ~H. f.8:' ). i.mpropy1 ai::ctylgi~rellate~ ·-_ in 1.;-( mL of pure dry ·pvridrnc was· added 1 · 

t11.p. 202--21)3- C. :Found: C, 66;7; H, 7.1. ml. of aceti.: anhydride. the mixture :was left 

C~,H,,0, require~ C 67.0~ lL 7.0.(). butyl . f(:ir .. ~5 hours ai rMm ·temperati!rc and then 

acc-ty!gihhcrelfatc .. m.p: 147-149 C. (Found: · the :;olmion ~\·a:. pfa~·ed on .a water-bath and 

C. 67.l: H .. 7 .. 2. C_. li .. ,O. requires C. ·67.5; " ,~~~ -;nJ·.·~m·. •.n:i<: r<lpidly di~tiHcd _off in _-t:acuu . . lOO 

H., 7J- . ), l!tbvl hutyrylµihberellate. m.p. l nc ~c,1duc wa.; Ji~~oln::d in sodmm b1(.-arbo~ 

· J7'-P6 C. ,y11umi: C, 67.2.; . H, 7.~5. nw: \ohni1\n. th1: -niLi:i•m filtcrc,;i, and. the . 

i:::. H .(). requit£:., c. 6"'.5; H, ':'J· ,,) Mid. 1iltrHc •!~·idilit::d l\iliJ h\'dnid1l{iric ;K"id.'.The 

· cth\·J hc:1zoylgib.h1:rdi;ite. · m.p. 192 C. re~ulling prc,·ipi1;1!r: wa:- ~·n!iccit'.d. hy.:firtration 

; h,und: C 70.~. I l. 6. ~. C_ Jl ... 0, requires arid ':·\·,wlbed from .1 rni;:wtc ·r·f C.Shyl a1.:ciatc l05 

C. 70.3 :. H; 6.3 · . an,i .. ,,.iyl accryl_gihMereUati; and li~ill petroleum . b.p. Nl_.:80· c.; giving · 

\\·hi.:h c6nsiSh nf a col"urlcss synip. b.p. act! \•h~ibhi:n:lli"· acid. u~ rhomb~ melting at· 

l 95-"-.W2 - C. (bath i.empcraturc}/5 , 10-S .233.-.-: '.\.+ C. (de..:•m1pnsi1ion) and. having an 

mt)L ·:Found: c. 69.fi. H. R.O. C.: .H .. :c\ opwai rnt,Jli(ln of [ 'b, .. 152 ' When dctet.., 

require!> C.-696: H. ~.1· ;, 
min<:J in :.i O.' percent siiluti<in in'cthanoJ;· 110. 

D:a.:e:yigibbcrdE.; :k'iJ pn:p,1n:d hv ai!uw- I! ~li 11 ttld he ~tressed that - illhcr ·esters of 

ing gihb'erclli-.: ;k·id in read \-.;tf; aL"t:li(· ·gihbn-d!!, a,id arc »rithin the -;·1.:(lpC ot thi; 

anhy.it·id~ in. pyrictinc .tl' nion: 1cmpcniturc Jn,.cn:i"J!. ai •. tor cx;1mplc, -th~: glycol and 

for '· c!:w~ l'imncd pri~m~, m.p. li\6.i--1 H7 ·.. phcm I estn~. '!'he -forq~oing · ·ar<." merely by 

C. .Fmmd·· C. 6·!2~. 1L r"i~. C,.JI .. .(\ Wa> .ii ilh1~t(:llitlll · ·. .- 115 

n::quin'.> C. 64 . .:: . H. r• .. i .\h.-1hvl .diacctvl~ . in .1ddiri1•n. it shnuld ·be ni1wd 1.ilat ~·ari(•us 

gihbcrd!at1.· \\'a~ prlT;\rt'.i h,. th,; <11:tinn ·of ~alt:- ••l _gihh~clli..; ~1.:id han:"·bcen p(ci,arcd . 

.:xce.,.~ cibcrcal di:11.• •tnfthani:· <>n ;1 nfrtha1wli..: Pan 1.:u!:lt'l:r• the . ;iJk:1E mend. 11lkallnr \".:trtb 

"'lwii•n "i di;h·e1.,il!ihh:n:llic. al'id. It' ri1cu1: .ind amnwn·iwrr. ~alts .u-t· .<'f imcn.-si. as 

nystalbcd frprn lll<.'.
0

lii~·k:~e c·hh1ridc-tigh1 for C\;J)llf'l:.:. ;:nJim1i gihhcn:Huk ~C~lli- 120 

pctr·iknni ~h.p_ 61l----->:1" C.: aild Imm ln:dr:1t1:. :1~<1dm11L· m.p. :it 2~0-·-1~8 ·c-. 

a::cii>11c-Jigh1 pctrokrnn h.p. 6l1-Xtl· ·c.: iii 'dc.11mp11,i11oh '.h"t!hl: C. -.~ .. L H. fr 15 . 

n1u~'iH· prisms. :ll.J' !(16.'-.. -!f>X." C. ·~11 0.J\:a. _{f-l.(L require, C. •.·~·?; H .. 

:J"ow1d C. (,~.I; JL 6.-l'. c: .B Jl. require~ -6 .. 12 · ... f'<'ta.,,ium ~ihhcrclla1<,: ~<.is(111Jhvdratc. 

( ( I .. - J 1 ... ,. 
i·1iJ ... ,.,.11·1 · " 1 ·, '" z.,c, <.. ·1 · · · 

,, ,. .:,). . ""' ~.. 
. L' . : 1,,.p .. t ~ ... ~-·- -·' .... '1.•i:o1.npn...;1-- 125 

An 1.:-..;m~pfc. <'l 1h<: prnu·Jun:.iJ<ilizcd tu ·twni. ·h:und: <:, ~:-:r,~:n, .~.7. 2C.,H ,0,-K,. 

pn:par<: llil: 1rn:liwl 1.',;l·r- nf pihlwrdJic add is ~J-1:0 r<:<.jui1y, C 5".'"' H .. 5.9 "\ '-·akium 

,)i11\\;i; in rht· 't'o!fPwin12 • .. '>;;m;ph: · · · ·gil?bcrcllatL' 1rih~·.lr:1'.t:. dc.:nmpos-itinn · •ll 

. EXA.\\i•u- II 
1M~~-rn c l·\llJJld.: C, 'X.7; H, 6;1>. 

ic, H 0 .Ci _m 0 l'(!i.juirc:. C, 58.2;-· lli 130 
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6.~ ~· ~md amnwnium gihhcrcllatc nwno­
hydratc. nl.p 167-170 (:. with dci."umposi- · 
ticm. ,_Found: C. 59.~; H. 7.n. C,..llc. O .. N. 
IL,0 l'.cquire~ <:. 5'1.X; II, 7.1 ·· ) . 

.The following example illustrates a method 
for pn:paring the s11dium salt of gibbcrclli-.· 
acid. lt can he appreciated that the qthcr 
i.ali- general!\" noted heretofore 1.:an he 
-imilarly prepared. 

EX:\Ml'l.E I\'. 
A solution of gibberclli.: a.i:id ., 94.03 mg.) in 

methanol whid1 had been freshlv distilled over 
:;;l~dium hydroxide ·} ml.1 was tr~ated dropwise 
with the calculated volume '.10.93 ml.) of 
approximately 0.02N i."arbonate-frce, aqueous 
sodium hydroxide, the volume being i."akulated 
on th"e basis of a parallel titration, to phenol­
phthalein, of an aliqu_ot portion <,58.20 mg.) of 
gibbercllic acid which required 6. 76 ml. of the 
alkali solution for ncufralisation. The first men­
tioned solution of sodium gibherellatc wa:. 
rapidly evaporated under reduced pressure at 
room temperature. The residual. sodium salt 
was Jried for 7 days in a vacuum desi,:cator 
OV\'.'i ·rhc~phoru;; pi.::ntoxidL: it .:on:;ist~d of 
tramparent flake;, which disintegrate at ca. 
160' C. to a white~ becoming ycllow­
brown at 210..:._21_; C. and melting at 230-
238 · C. with Jc.:omposition, llf ~odium 
gibberellatc sesquihydrate (Found: C, 57.4; H, 
6.15. 2C 1 .;H~ 1 0,,Na, 3H,O require~ C. ~7.7; 
H, 6.12'':.'t. . . 

Examples of other metallic salts of gibber­
ellil: acid arc as follows: - rubidium gibbcrel­
latc, m.p. 213-216' :;found: C, 53.1 H. 5.5, · 
C, .H~;O,Rb requires C. 53.0; H. 5.o· .,\ ~ilver 
gibberellate dihydrate, m.p. _ 199 with _rrc,·ious 
de..:omp(1sition (Ft)und: C. 46_.7 ~ H. :- . I : :\g. 
.21.7 C, .H, O .. Ag, 2H,O reqmres C 46.6: H, 
5 .2: Ag. 22. l · '. ), manganese gibberdlaLc tri­
hyratc, - ·m.p. 261-266 with prcviou~ ,k-
wmposition :'.Found: C. "7 .5: H. '.' .:-> 
(C ,H, 1(),.\Mn, 3H,O require;, C. 57.1: H. 
b.O· ·. ::, .::11pper gihherdlatc trihydratc. m_.p. 
z45_:.24x with prcvi1•u; . dc.:omposition 
(Found: C. ~6.o. H, 5.-:-. :~C .H,.0.;_Cu, 
3H,O m.1uires C, 56.4: H. 6.0 , and lead 
gibbercllatc nwnnhydrate, m.p. ~ 1 'i-21 ~ ·~de­
comp\1siti1•n:·· .·i:i;und: C. 44.X. H. 5.0 

50 (C,.,Il"ll >Pb, H,O require~ C. 49.X: IL 
4.8:'. ·. 

55 

60 

<.iih.badlic a .. iJ. and it' Iulllti11nal Jcnva­
tives whi.."h .ire \alts and e~tcr, pani.:ularl\ 
acctvJ· gibhi.::rclli,. ai."iJ, dia<:ctVl gihberclli, and. 
hm}:rvi gibhcrelliL a;;id ~nJ. mo11Pbcni'11yl 
gihhcrclli.: acid have the propcny of prnmi11ing 
:he gr<iwth of planh. as is ~h11\\;n by the fPl-
l<•wing dc~~·ription · .. 1 l:xpcrimerm on wheat and 

·pea ~eedling~ and ~ra~s. 
When 11hcat ~ccdling' an: gnmn in water 

.• 

~ I . 

. .. ..., 
l.·~ .... ---·-·-·--------··----------- ··--·----.--t----

i."lllturc and ·gihhcrd.li~· a.:iJ · i~ added t11 the 
.-ulture ~Plut i~in in jxop1irt iun nf fn•m 1-:-10 
t':Jrt~ per million of soh.i.i.i11n, the seedlings grow. 
• •rlicr. than untreatcJ·_plant~. Increases in height· 
1•! the iirdcr of 50 · ·'.. ·.31re ·common, the increase: 65 
being due to (a) a g_rc~1 irirn:a.se in length of. 
the mes1i.L:l'tyl and 'h) a smaller i_ncreasc in the 
icngth of later i111eritodes an.d of leaves. The 
lca~·es, althou~h large-r,· arc narrower than thvsc 
l1l untreated i1lams .. ~rhe enlarged ·plant~ arc 
p:ilcr in. L:oh>ur than ~untreated plami; in, solu­
;ions of low nutricm~staius but this effect can 
he offset. by in1.:reaajnr_ the concentration of 
nutrients in the culture solution. · . 

Results from four ~experiment~, where gibe 
bercllic acid was supp'lied in the culture· solu- · 
tion at 5 p.p.m., are suplmarised in Table V. 
l t will be seen that (ii) Jresh weight· and dry 
weight ol shoots· ari · tiiirly 1.:onsisteritly -in­
.:rcased: (b) fresh w~ig~t and dry ·weight of 
·roots arc reduced, pariii::ularly in the low-level 

_nutrient. The original.data from which Jablc 
. V wa~ c.nmpileJ also s.Ailwed that the \veight in-
;.;rcases in the ~heet are- u~ually fa.r gre~tcr than 
the losses in weight oi -the r11ots, Sl' that-the ·net 
effect of gibbcrellic add on the whole p_lam i~ 
w increase fresh weight and -dr~· weight. If Lhe 
shoots alone are .:onsi<fcred, the dry ·weight in·· 
~rcases arc du.e partJy:w·rcctistribution of dry 
matter between root and :.hoot, and partly due 
11• greater dry matter '[)ynthesis by the plant. 
The carbon, nitrogen, p_hosphorus a11d ash \:On-
tems of equal weights of 1i1aterial frpm treated · 

70 

75 
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85 

90 

• 
'9 

.. 

and untreated plants -~ri' not differ. greatly, 
though there appears pQSsibly to be an increase 
in the percentage carb1~il !.:ontcnt and a .slight 
fall in ash, nitrogen and ·phc•sphc•rus: In any 
rnsl'; there is an undotibtcd great· increase in 
the .. ·.1rbon assimilated ·per p/am. This is a 
poi1it <'f ·some interest; :it i.:ould be due to the 
treated plants having <1.: greater leaf· area in 
which photos.ymhesis could. take place or it 

95 '(( 
.' .• 
' . 

..... . -~ 

Lould he due to an incre,ase in the rate of car-
bon a~similation per 11nj1 area of leaf. In ex­
periment~ where the necessary estimates' of 
leaf area have been ma~ ·it appear~ that the 
incrca~c.d car ht:n ;i~:~irdlation· is due to in-
creased leai area Thcr~. arc qualitative i:ijf-
fercnces in the .:arhon,· components of the 
t.reated planb. For cxar11ple the total .carho­
lwdratc soluhlc in xo· · cihanol is increased hy 
ah,1u1 75 ·. 111·er .::ontrnis. anJ bv chromato-
·graph~· t>f sap expressed ([01h. cvllliysed plant~; 
it .ha, hcen f PunJ that the· ~u..:ro'e ((intent is 
inacascd bv ahnut 2 5 :. ·and frudllSC and 
J!;IUl"ll<C COO\."C!llration l>~·· ·a hunt [(I()", . It 
appc~u, therefore that. .is.a rc~ult ,,f the treat-
meJll. gllKo,c rcpl;ll:C~ ~iJ,·i-o~c a~ the main 
~ugar i."llllstitucnt 11f the -plant~. 
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7H,6l l ·i . 

TARI.I: \.'. 
WHF.YJ nwan .percentage inrn~:ise or dc.:rc.i>C per .-,ccdling ~dt<'r 3 

\ICCk~ gniwth resulting irnm gibhcrci(i<; acid .frt<ltiiJC!ll. ---. -------.--- ··---- ----·- --.:........ ... 

J'.xpt. 

--r;.o 

Nut ricnt 
lc\•ci Height D\X' ~hoot F\V root DWroot .------------------

(fl 

G2-

G3 

lnw 
high 
low 
high 
kw. 
high 
l(iw 
high 

H 
80 
l\6** 

I 08*~· 
74*'-' 
76** 
93** 
69** 

.. 9 
., 37* 
' 21. 

11 
. 17 

5 

5 
. 39';";' 
· 2·F* 
3J*~' 

. 26"'"'" 
14~'* 

16''"·*. 
2 

.,.-,. ~tati~tically significam (P - JJl) 
* '>t<1tis1il:ally significant (P .05) 

ni>t statisti..:al!y analysed 
F\\' in~~b weighi: 
nw· drv weight 

. 24''";. 
13** 
12 
25 
3.5 
2 

24** 
3 

15"'* 
0 

. 17** 
'. 14** 
- 34**. 
- 16 

The cffc..:1 of gibbcrclti..: a(id on pea 'ccd­
Jings grciwing in water •.:ulwrc i~ even 1·11orc 
striking than rhe cffoi.:: .. n 1\·hcai. ~ccd!ing~. The 
height of the plam i~ grearly increased-iii 
~ome experiment~ the 'ced'.ing~ pwdu.:ed ban: 
been ·five tirnc~ the height. 11f 1.ontr1•!. plant;; 
This is due to a grc:i: in~reasc in :he length 
of internodci.. The plant' an: much paler in 
colour than comm] ~'Jam,. 

plwru~ ,1nd pota,~ium pc:· piam in the slwd~, · 
Jhough in tcr:m. •>f pc:rccnta~e of dry weight 
the ,·,1m.c111 ,,f all tht>e cx:.:cpi. qirbnn fell 
~iightly. In the roob ail the~e fallin anwum. 

The amount ·of carbohvdratc st1lub!C in 80"' 
ethanol increa,c<l. a, a, result of gibbcrcllk 
add treatmem, b\ about 30' taking the plant 
a!> a whole, b\· 40·, if the shoots only wen~ 

The effect~ on the chemical etimpt•~mnn of 
pea seedlings is siniilar w the cf!cct:, ori wheat 
SL'Cdlings. There i~ a great increase iii fresh 
weight of shont~ anJ a ,mailer. hm ,:_ill con­
sidcrahlc increase in dry weight. Fresh weight 
iRcres:;eti ·carh1 ... 1. et3.1in::Iati·:A t) due ~o :.n· 
·and dry weight ui niut;.. fall~ <h a rcsuit nf · 
gihbcrcllk aciJ 1n.:.ttmcnt. Then: is an incrca:;c 
in tht: amou!ll d carhm. nitrugcn. a~h, pho~-

.. considered. As in the -:asc of. wheat, the glucose 
comem uf cxprC\>CJ ~ap was markedly in­
cr:cas·~d. 

· Rcdtk\~J root gro\\"th i' not neces~arily ob­
tained under all conditions. l·\JT cxa1,11plc when 
gihbcrcllic acid i~ applied to pea sho111s, in a 

·lanoline pa!>tC, im:rea~cd \\'eight of both rmns 
and ~bPPb is clbWilled . 

Tire dkl r Pll p1:;;1 seedlings of ~ome J.criva­
ti\'C~ oi gibbcrcilil add i~ :;h(•1t·n in Table VI.. 

TABJ.1; \'I. 
Co:npounJ Applied through rnt1~; ---- ---- --·-·--·----·-·----

Ai.:cn·i gibbcrel!ic acid 
Diai.:cty't gihhcrclJ.i._ :icid 
i\-1cth};l acetyl gihbcreilatc . 
Mm:whcnzovi gihhcrel!ic aciJ 
Ethyl gihb~rellatc 
.But vi gibbercliare 
But;·1 .icctylgil1hereliatc 
iw-propyl acctylgihbcrcliau: 
isi1-propy! ·gibhl·rcih.m.: 
Hut yr\'i gihbcrell.i:.: . .ii.::d 
Oct \·l · gibbcreilmc 
Eth}·l 'ai.:ct:dgibhl'n:ll.tlL' 
Phenyl accry!gihhcri:ilak 
SoJium gihherdL:itc -,e~4ud1:,J1«1tt· 
P11tassium gihbcrdla;c .sc~4uibyJr;Hc· · 
Calcium gihncrt'llatc ~c,yuihydr.uc 

hjgJi activity \cqu;;J to GA) 
high activity 
nwdcrarc ·lKLi,·iry 
high activity 
moqcrnte ac:.tivity 
:nnderate at1.ivi1v 
big·h acri:\:it\· · 
m;>deratc. aZ:uvity 
high activiry 
high· activity 
11111dt:rJtC acti\·iiy 
high acti\·ity 
high a..:tivi_ty 
high activity 
high ai.:tiviry .equal "1<1 (i.-\, 
high activity ,equal t!' (;.\, 

Applied. through Iaavcs. 

high acti\•ity ~equal. co GA) 
high activity 
~light a..:ci_:vhy · 
high activity (equal t<i l1 .-\; 
inanive · 
ina..:tivc 
inaoi\'C 
inaciivc 
inactive 
high acti\'iiv .equal to G:\., 
in~nivc · ' · ' 
ina(·tivc 
nm tested 
high acri\·ity :equal tn GA; 
high anivity ·:equal w.G A~ 
high adil'ity e4ual tP GA_· 

Arrlied thniligh !"<•Iii' !ii ,ulturc :<iiulion (llll'taining :he c"ll!!lpnund :11 ,1 l Pfll."Cntrali1in C>! 
)0 p.p.tL . 

75 Applied thri•ugh !ea\·1•, 1n· do~(.'~ ,,; Jliy/plant in nn.~ qi! alu>l!Pl 
(i.'\. gibb!!rellk .i.:iJ. 

:•·· 
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,' 



.. 

·----------·-···-· 
The Jegn!e tif adi~ it\· ,,t gibbcrellil. .H:iJ ol plam nutricnf~. ;p;;rti..:ularlv nitn•gen. which 

,Jcriva1i\'c.~ .1ppcars tP foil nil ·"·irh innca~ing may he derin:J ftt1111 ~i 1ni'\t'.d fertilise"° as above 
~uhs1itutit111. For example. when gihher~llil: .(Ir lr.1111 a :.Pur .. :c ot nilmgcn ~udt as urea, ~ul-. 
acid is estcrificd with h"ighcr akohC1b the degree phatc of ammo11ia aul(I ni1rn1.c of ammonia. A 
<)f · al.1:ivity falls off :Is may be ~ccn in Table soitable rate· of ~pplication of nitrogen .which .65 
VI, though the octyl ester still retain~ solnc . will stibstantially reduce or prevei;it the yellow-
acth·ity. On thi; other hand, although acetyl ing <•f the foliage C1n stimulation of growth .if-
gihhcrellic acid is as active as gibbcrcllic acid from ..f0~81l !h.·N/alrc :\ pref~rrcd wmbina-
itscif, a~ this substituted add is esterified with tiC111 i~ one in whii;h the ratio of active com-

10 alcohols 11f higher. molecular weight Sl' the pound to nitrogcj} j.., frrim l :. 32() to 1: 640: 70 
activitv of the· ester falb otf. as will be nntcJ Ont: l'f ihc mn~t. important aspects of the 
in Table VI, until it i~ negligible. in this parti- presem invention· jn• relation to increased pro-
cular case, in octyl acetyl gibberellate. Again: dunion of gras~··i~ that applicatiovs of gib-'. 
although diacetyl gibherellk acid is quite berelli.: add or an ·active derivative to grass 
active, the me th vi ester is substantiall\' inacti\"c. land in the carh: .~pring, autumn or win~er will 75 

Where a derivative is active whe.n applied c.ause .the g~ass tn)i.row. under ccinditio~s of 19w · . (I 
through the roots but not when applied through li~~t mtens1ty an~ ~w temperature, i.e., .con- ·:·~ · 
the leaves thb O"iay in fact be due to 'hydro- dmoni; under whleh .grass could not be sumu- _...:;,.~· ~~ . 
lysis of the deri\·ative in the soil yielding !_ate~. into growth-11].cr~ly_.btj.ilpplication of. a'"'F~Y :·_;. · .. · 
frt'C gibberellic acid. , teruhser, As a rc:.ul):, tt 1s l'1'oss1blc to extend· 11t:.,~ 

The fau that great increa~es in yield of the grass gro\\•irig sea~on and s11 cibtain an ·~ 
drv matter mav be obtained bv treatment of earlier ;, bite" for livestock or ari cadier cut · 
wheat and -pea .secdlin!?~ with very small quan- for hay nr silage.:: The .simultaneous applica-

15 

20 

• 

ritie~ of git">hcrcllit.: acid i~ .-.f ,:onsidcrable tion .. f icniliscr leads of course to earlier use of 
pnr..:ti..:a! importance. Experimem~ in which the io.:rtiliser in the: earlier growth. 85 
gras~ ..:r(lp~ ''ere treated' with gibbereliic acid The gibberelli..: '.acid ('r an active derivative 
have wnfirmcd. chat -imilar incrca~c-. in dn· thereof may .be applied in a dry form, i.e., as. 
matrer yield caJl he Phtaincd under field Lllll- a Pl'\nkr. in adnUXlll!C wi.th a· ailuent whkh 

25 

diti(lm. may he ini:rt, c:g.·. ~~~it:a day. fuller's earth, 
In a pasrnre trial ir wa~ fr•und that .appli- kiescl~uhr or lime; 1jr which may· c0ntain a 90 

('ations 0f gihherellic .icid ''.1~4 oz/a-:re) as an plant nutrient. c.g ... :inixed fenili.ser or sulphate. 
aquentls spray hrllught ab11ut an increase in the. l'r nitracc (If arttm(mia. Alternatively it may be 
dr\' matter vielJ pf herbage at the first cut: applied as a spra< the a~1:i\'e constituent the.ii 
, S~c iollc1wi;1P. Tahlc \'ll'~. o. I. 2, 3 and 4 being dispersed in \vater. The aqueous disper~ ·· 
;,z. _gibbcrelli~ a~·id/acre ~n:rt: ;ipplii:d along ~:l•n 1iiay additiona1ly contair) plant nutrients 95 

30 

35 
with 11, 3 and 6 •wts frrtili;,er~' per acre to .\nch as ur~a 1.•r HI! ~mmoniuni ~alt. . 
l/MHJth acri: ph•t- on 13th .\pril J 9'4 and . Prcfcrahly the acii.n: .:<mstituer.n is. ~o' applied 
llw ploh han·c,tcd P!l 11 .\by. 19'4 _that ib main etfecr.)s ai:hil:veJ by ahsorprion 

. throqgh the f111iag~ nithrr rhan throu!!h the 

'. 

T.\llt.F \'II. 
40 .\km Dry .\1atll.:r:Yiekl, ol llerlngc :.:wt-/m·i:c. 

()ibhcrellii: A.:id ;yz/a,n:.·· 

nii·t~ si1)cl.· in the -hirtcr cin.:um~tance~ it mav 100 
dq1re~~ the rate of root· growth. Preferably 
therefore it i~ appl~d a., a ~pray. 1nllre pre-

. f crahlv ;1; a In\\ \·n•uiuc ~pray. ;.ay at airalc of 

45 

5{) 

Fertiliser 
·l.wt/ane\ 

(I 10.0~ 

-~ H.75 
() f8:2Q 

")6.4"1 
19.87 
21. ·-n 

2 

1 i'iJLJ I<>. I<> 
22: 16 21.<i~ 

.2Uil 22.42 

• 
,,. 'f'he fcniti~cr wa~ .rnw l.Unta111i111-: 12 

4 

1X72 
21.85 
n.r 

12 total p·n 1 L9· \\·ata "olubh:; 
fl,;' 

and 
i' K.tl. . 

.:\:lh(lugh ~uh,ta111_;;Il tJhTl'a~e' ill ,In :n.Htt:r · 
vil.'!d \\ere olnained withmn ;1ppJi,·arinn ,,t !er 
rjli,cr. ilw gra~~ plant~ Wl:J•· vclh>'.\ and 1rn:("h· 

aroi..-ally ·.1cak. H••wcwr till: phmh 1111 the gib 
bcn:lli~· 1,.id pl11~ f<:r11li~er '' '\\ t/acrr. plot' 
··wu,· n• 1r;nal JJI ap('t'itr';in·. ,. 

Ill t!e:wr;tl !• iia~ htc1! l"tmd that. in ,;rdi:r 
~·· ··hl.tlL •h •:o••'·' hi:·nd;· ;ai rt.:w!t~ fr11111 tht 
l!!'1•'. 1.!h·-11!1;111''ll~H! pr••pt·111t:, ,if gibh~reiliL 
c:.dd trtfi~!!J(rJI ',\J1:, li1c .i4:1d ·-.ht·l.l;d hL~ a •. \.IHrl 

p .. 1r4:td {)'; tr•;;1 .:,1~1i' ··.•,JIL .,.Liit · li.d :JUit11'Jlit."i 

111 t'r 21-1 ·g(lllons i1t ·-:,i~ra\' 1" tht: acre .w .give 
a distrih11tilin 111 .. 2 1_i"1 j:v..n· of g1hhcrcllil· a1,;id IOS· 
• •r c4uiva:lcnt of a.:i ~~:c: .. derivative. 

A· ('l•nvenient mct~(id uf preparing. an 
.aqueoih tfoper,ion of· gihbcrc.:lfa· a•id or an 
a~tivc tlcri\'ativc is 1~1 diss11lvc th~ acid :or dc­
ri\•ative in. a W<ller-rui~·ihle 'lll\'L'Tll ;JIJQ pour 110 
thl' solution with ''iffi11g im11 water. ~ 

:\ lrlH'lll!h 11 l: tian;_ dC:scrilwd pron:~.sc.:" for 
j,olatim: j1llf'l' gihber_clli•·· al·id fri•1ir,,·1~!tt'in·~ tif 
( iihhl·rdla fujikuroi. :i1u: pure material: being 
rl·quli'cd !11r •hcmil~;.11 · an;ilv'i~ a'1J· ~t·ncral 11.5 
iJc11tilic·;11:1111 111 till'·. al:i,l. II \'.'ill be t•lwiuus· 
1 hat foi: :1.L:ridtliur:tl · p~rpo'<-'~ i1. 1~ ill. 1:01 · bi: 
il•:U.:,s:fry 111 is11lall: t(io: pure acid. a ,:n1(k \·11n­
· l'J\!r:tll' i1cii11.! alkq11all" for trtatmcnt ol planb 

·or nl gr .. lIJJ~I in whidi .• f'lanh arc gniwing ,,r arc· ·120 
l" [!,I'll\\" 

\X.'lial \IC l.faim j,· ;__ . 

l Crihlierl'llic ,1,Hi "- · 
' F1t1kti1111ai 1kn~·:~1i1c~ 11hi1h a_rl'·'-;tl~< .111d 

• 

•• 



----------- --------------------------·--------- ·-·-··--·----.... -----

..i· 
·=i.,,,, • 

··u 
~· ··•· . 

.;F 
..... . :.::~, . 

I illllll llllll lllll lllll II llll 
* C L M S * ,·:. 

•.•··· ... 

. . ..; 

. s: ·:s.~.6 i 1 A . _.· .... ~J _________ ,. ___ .. _____ - . ------------~------ ......... . 

The .:.1cgn:c lii acti\ il\· l'i gibbcrcllic · aciJ <'f pl.im ·nutrient~, :ranictilarfy nitrngen, which 
.. ,icri\"at.i\-c~· .ippears to fail pff 'with incrca~ing Illa\' he deri\·j::J ltMh ;1 •ni '\C,J fertiliser 3S abCl\'C 

~uhsri1mi1 1 n. For example~ when gihberi;'.llic .or irl)l11 a ~our~·~ of ni;mgcu ~uch a~ .urca •. sul- .. · 
_.acid is estt:riti<:d wirh h'igher alcohols th~ degree phate of am111011ia .t111d rJi rra te of amnlQnia. A · 

S- - of· activity falls off :is may be seen in Tahlc soit~ble rate· c1f~pplica1ion nf _nitrogen \vhich 65 
VI, though the octyl ester still retain~ soo1e . will substantiaHy rcdm:c or preveQ.t the yellow-
activitv. On the other hand, alth11ugh <icervl ing c•f the foliage c>n ,1imulati0n of growth i~ 
gihhcrcllic acid .is' as active 3s gibbe;ellk acid from ·Fl-;-80 lb .. 1\'/a~·fr. :\ preferred cnmbina-
itseif, aSthis substituted acid is esterificd with iion i~ one in whkh the ratio of active com-

10 alcohols l•f . higher. molecul:ir weight. so .the "pound ·ui nim1gcji, ~~ frr.m I :_ 32.0 to I:: 640; 70 
activity of the· ester falb _off, as _wiH be noted· tJnc of Lhc mo~t. impnnanl. aspects of the 

... in Table VI~ until it is negligible. in th_is pani- present. in\'ention_- jn• relation to increased pro-, .. 
cular case, in octyl acetyl gibberellafe. Again: duni(ln of grass·-i~ th:.it. applicatio~s· of gib-.. 
although · diacetyl gihberellil.: acid is quite berelli.:" acid or 1.ln ·active derivative .to grass 

15 ·active; .the 1nethyl. ester is 5Ubstantia1Jy inacti\'C. land _in foe earl}: ,~ring, aUtu:nn or win~er will' . 75 
· Where a dei-jvative is active. when applied ~ause _rhe g~as.s to:grt .. >\\· under conditio~$ of.1£i\Y ·.. . .. · . ·:(t 

... ·through the roots'bui: -not when applied through · J1~~t mt<:nstty _a~ lpw temperat~rc, 1.e., .c?o- ;·:;~ ·. · 
· the·. le'aves _t~is rf1ay 'in fact be due to 'bydro- dmo~ .·under which .grass _coulq nl~t b~: sumu-il :.n . .._ . 
!}"sis of ~he derh·ative in the. soil yielding late~. 1n~o· g:m,·th~ nwr~IY, btt.aP_PlKauo~. ?f a+Y~·;) · 

2(} : free gibbereJJic acid. . . f eruhser; ~.\s a :~uJr;. LI IS 1'ns~1bJe _to e.xtend '. 'lt:';• · . 
'. ·The_ fact that great in.:reascs in yield of. _th_e grass gro\\·nig sea!lon and. st) obtam an · -~ 
'dry matter may he obti1ined by tre'atment of earlier " bite" for livestock ell' ::an· earlier ~ut . 

· wheat and pei;i seedlings with .very· ~mall quan- ·. ic)r ha}• or silage~: Tne simultane1~us applic_a:: · · · 
··'. rides' of gihbc:rellic acid i~ <•f ,,cons~derablc 'thin <.•f fcnilbcr lea.d;; of C()urse ro earlier u:.~e of 

25 prcrc~kal irnpi>tta·nce. • Exp~riments · in_ whic~ . the icrtili~cr iri th_c;: earlier growth.. . . . · 85.?. · . 
.. . . grass crops wer.e treated· with gihberellic acid. <The g'ibherellic ~add. (•r. an acti\·e dcrivarl\·e 

.·.·-'have ··ti'>nfitmcd, that ~imHar increases·· in: dry ihcrcnf.-ti1ay .he applied -in a dry·. fprm,_ i.i., ·as 
· .. '> matter. v1dd ·ca.n .be obtained under liclJ con- a pi.•\Hkr. iri ·ad1jU~r·u!'c with (i:iiluent .w~ic.h-

... ·· ·. di.tion's::· . . . .• .. . . . .· ·. . .. ' may ·b~ inert.•" c;g,•, .... ·;iina dav .. fuller'.s:· 'earth, ·, .. · . 
. _· j() ·,_ Iri .·a pasture trial ir w~~ found .that .appli-: · ki<:SC!g1,1hr or, l_in;i;. vr· wh!cl{ f)iay '._c(.fitain: :a·i· 9.o· 

- · --:-~catioris ofgibbercllk ai:i_ct(1;4'o:t.fa..:re) as ari plantmndeni-, e.g:::i11i~e<l fertili.Serot'si.ilphaie .. aqu~u's spray brought ab(iut an irn;:rease in the: or nirrarc of- ammonia .. Altcrilativelv ir- mav b!= . 
dry matter yiclJ of: herbage ar 1h{' fi'rst eut. appli.ed as ·a spray;· the a..:tivc ;;1jnstituent the.ti: 

. (Sec· foll_c>\\·ing Jable Yll). 0, l,_ 2, 3 and 4 being disp~rscd in ·,\ater. The aqueous <lisper"'·· 
35 : oz>"gihbercllic a~·id/acre wc:n: applied along · sion 1i1~y :.idditionatly cor:naiQ ·plah( nt.itriems 95 . 

\\·ith. Q, 3 · _a11d 6 ,,1·1s fcrcili~er*. per a~rc t<• · ~uch as ur~a c;ir an .tin:nonium ~alt. · · . , .. · : '· 
.. l/60Uth ;i~n: plot~. 1111 I :'l_th Apr~l-_ l 954 . and · Prefei-:ihl\· the a.,;iiye con.st_ituc1_1t i~· ~P· applied ·-

·. ;' 

. t~e·'~lot-J hafr6icd ~·n J _l .\fay, 1954. __ that its main etfe~r..:.is i1~:hic\'ed hy ahsnrprion · ··· ·· ·· 
. thro4!,;h the f('liag!!. rathcr' than throul!h the . . ···. · ", .: •. :.'.'< · · . T.\Ht F \'U. · r<)ots sfoct: in the -Uncr· ..:ircumstam:e~- it': may_ 100; · ~--. · ",_,· F'\J::/: 

. 40 ~-: :\.l~a~ pry ~\1att~< Yic!Js of Hcrhagc ::c\1·1.•/ acre/ -~ dcp~.:;·~~-. t~c . _rate ci
1
t _f';(ll: growth'.: P~cf~ra~!~. · ..... ·· .: ,_- ... '.:!_';,_, __ '~_" •.• :,;~_:_' .. ·._'.:,._'-'_· :.;:;; .· ; .. ·-·' :·. : .. , -: _(1ibhcrellic Acid_(oz/acrc)' ···~--therefore.ft 1~ ·appµ!u'a<. a spray. more pre- · . . ·'fertilise( . . . . . . ·. . . . . . . . . .. ferabJy a~ a )0\1: \'dumc· ~pray, ,ay a.t aHatC of 

··(cwtja¢re);<o.>.- ·t· · . 2 · -3 .. 4 · ···.10 i1t.2Q/gall()n~ l\f:~P.ray.tn. tpe.)tre .• w .. gi,ve .;:.:.< 

·. 

45 ;;'.i:!;.ill~~:}i'"~f '.i!.~:t~:~.;~; ::~,~~~ii~;J~~:~jli~:~~;:i~ ~t· .. ,·~· 
·. · · I~'•. K,O. · · ·- · ·· · · · · , .:\l(hongh we havt;:· d~cnhed pmn:~sc~ .. for_ ·· - .. _.., 

· ;._, .· ._... . ~: ~- ·: . . : · , . . · ·,_ : . ·i_s·1>laii.ng p~m.· gihbcr_tlli..:·_a~·id i:r.li1i(~l!ht\~ii- ~,{: , ·. . ... . · .. : . . SO' . o:)\_h~(?ilg~ ... tibsthri1-fal· incn•a!)c~ i1r dr~ fn":.tnC.i'. :· . Gi_hherdht. fi1jik\1nii,·:_1ltc. pure'. .fo.uc:fa1: hci.itg; .... . /· :i:-:!' ~)f 
• • .. :·'

0')·icld-WcrcJ1hiai.ncd: \o;ith1nn applkari1iri 11! ·fer~·· .. rcq11itt.'d· for. J.:!1emi·d~I'- iu.1alysi;;_. !!tid· ~ncraJ · U5 .~·;:: :. :< ',-: .. ,.{ 
. _. iili~Cr; the ._grusb i1l~uits wen: ,ydlil\\' .•ind ".J11iih-: · !Jen(itic;t1i1in. of.''ihc<acid,' · i1 wilL be .!'~vf1;fo;· .. · · .· · 
.<:ankally_ weak. HnwcVer·'thl'. plant<; on thc gih ·: 1ha.L:f11r.· iigri~:11Jwra·1 ··p~i:ro~~~- i( :\~·ill '''n<lt':.hc . '': • 
·bLttllk al.id plus·. fertili~(;r :6.i.:w1/:terc; plot~. nc(cs~fry ti1 i~iilarc r(it·.purc· ad&· if("~11clc'ciin.:. · '.- .. : · :. 

SS. •'vcre n~1rn1id)ll'.appcar-an• e ·. · · ·· · .ccn1ra,ic hcii1g 1i.d1.'tj11a'tc for trcaimc,!i!·ol phints · ·• ·':. '.: :! - ···rri gci-1t:_r~L i• ha\ ~cci1 J•,wid chat, in ,;rdcr_ · 11r nf grc•1.111~ :i1i_w1_1id1.rlanh arc growi1i.g 'ir·arc .· 120 • .-: , , 
. , ti• . .11btai1; -1h<: u;,,,,, bcrid:; __ ial rc~ull~ from. rht t•·\ ~rilw. . '·. · · · .. · · ·. ·~y;.1 ~~·i-h .. pr;~J.rl·f,1inJ.? pr"r<~rric, · ~;t · gihbcrc_liit·· .\'('Hilt \\C «.:lai1n i, .. :·.~ ··.·-.. ~· :· . ... :. ·· ·. 

.. . '1Lid.1r'ei.t11i£:11i ~\iih'tlu.:·a~itl \h1·•ild ht: a •. ~0111.. ·I. Libhcrclli..: .slid'". ·. 
60. p:mitd hy :~r~.1;•1i1:n:! ··.•itli_ ;i.JJir ... Ji<t_I :1ua1iti1lc~ · .· · · 2. ~~iin~tinnal d.cri~:1!.:Jiu·~ 11 hid1 a_rc\;iJ~, -.111tl 

., .. 

... . ·. ' ' 

• 
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C$ters 11f ~ibhcrclli..: acid ·ha\"ing plant grnwth 
promoting a..:tivity.· · 

-~ .. o\«y!atl'd gibhercllic a..:id wherein the acyl · 
group is a..:ccvL hutyrvl' or h:'.n;wyl. 

5 4 Alkvl ester~ of gihhercl11c add wherein 
~he alkyl group <.:Ont•tin~ 1q1 to eight ctirb1m 

-. awms. 
5. Salt<. ot gibhcrclli<.: add. 
6. Alk<ili 1;ictai and· alkalin;: canl1 . mc~al · 

hc·rcinillch.on· ,lec,< 1d1!·d 1\'id1 rdcn.:nu: _111 Ex-· 
·:impi(' Ill· . 

JS ,\ pni,...-~, ••i ['rnd11cing an aL·tivc· :,alt of 
gibbcrdlic a.-id ~uh,tantially a~ hcrcii1!icforc 
dcscrihcd with refrrcm·c 111 Example IV. 

10 (_:,,mp»1111d · i'n>Juccd hy .a process· 
daimcd ill am· one nf < :1<1i1'ns l ~-·-I~( 
. 20. A ;:oinp::,~iti•··:i !or pr_i,nwcing plant 
gr~•i,111J u•rnp:·,,in:!, ,1 ,;pmp111.md as· _d;·i"irnct'! ·in 

· · 10 salts of ~ihhcrcllk acid. . 
7. Dcrivati\"C!> di gibhcrdlk acid :is here-~ 

inbcforc described \Vith reference l<' Tahlc Vl. 

~inv Pile 11f Clarn1~ 1---'7 :ind 19 :ind a Jilucin: · 55 
·. l ! . :\ ~·omp<•,i('1n h .:!aimed in Ctairn."20 

· · $. A .:·uhurc hn'th of Ciibberclla fojikurui 
containin~ gibhcrcllic: acid. · · ·. 

11r \\·hi-:--h the dilucut 1~ inert.. · 
· 22 .. A composi!i\\H claimed iii Claim 20 in. 

whidi the ,·<1mp11und 15 disperiied in "'warcr· a\ 
. IS·· 9. A pro.ccs~ <1f ·pwducin~ gibhcrc!lic acid 

r:ompri!;ing rnltivaring an •i-:tivc strain Pf Gib~ ' 
berella fujikuroi ·in _an .tqucriu~ mcdilim and 
continuing the ...:ulti,·atiPn afo:r active _gwwrh · 

diJ UC!ll. . 6() . 

has ceased. 

23; A pro('CS~ ··f-rrndudng a comptisitioli as. 
claimed in Claim 2.? in which the compound is 
tirst dis~uivcd in a watcr--mi~cihlc St))vcnt, the 
solution then bcin!! -iispcr~ed in water. · · 1 10- 10. A pniccss a~ daimcd in Claim 'hvhcrein 

the ratio Pl .:arh1in source l<' nitrogen s:>tm':c in 
the aqucnu~ mcdiut!l is greater nr Tes~ than [hat 
i'at_io iu wh"idl thev are taken. up in active 

24. A solution in a warcr-miscihlc ~olvem of 65 
a compound a~ daim.:d in anv one of Claim~ 
1~7 and 19. · . . ·. · . 

. griw•th ,,l -thc ftmgu5 ;o that one l't other· is 
· 25. A cvmposititiu a~ dai1ncd in Claim 20 · · 

in which tbt Jiiuent c1 .. mpriscs a source· of 
25 in excc>~ \\"hen. anivc grrnnh ceases. 

. _ · 11.. :\. prncc~ a~ tlalmcd .l!l Claim HJ 1.11 
·nitrogen for :he plants w be trearcd.. 70 

-~'hich the .:arhon s(>urcc i~ in cx..:c-ss. 
12 . . :\. pwcess a;. cla:im<:d in Claim .11 iii 

which the nucriem con rains from 0.2--0.3 ",. 
30 · · amrnonium nitrate (<)r cqui\·alent source of 

nirrogen) and from {(~~!)· ·. glucose mono­
hydrate ,·_or equivalent sour..::c of carbon). 

2-6. A .::ompnsitinn a~ daimed in {'.laim 25. 
_in whid1 the Jiluc1it ..:omprises a mixe<I f~­
tillscr. 

27. A rnm1)osir.ion a:; daimed in Claiin 25 
in \'hi ch rhc source nf nitrogen is urea. 

28. A compMition as daimed in -Claim 25 
in· which the source (.if· nitrogen is an· 
ammonium salt. 

29. A compn~ition ai. daii11cd in Claim .22 

75 

13. A· proce<ir, a~ 'claimed in any· one of 
Claim~ 9-12 wl~rein the. -.·uJHirc i~ filtered 

35 ·and rhc fil:nitc is cxrractcJ w:th an adsorbent. 
)4. A pn1c-e~:, :<.- daimed in Claim 13 in 

which the adsorb~·r;: i~ ;i,·;i\'ateJ charcoal. · 

and in Claim l7 'Jr 28 in which the sour;.-c of · 80 
nitrogen is dlsso\ved 'in the water . 

1 _5. A pwces~ ,,f pn··ducin!! gibhcreliic a:cid 
~ub~tamia!l·• ;i., h<::rcinbcforc described with 

30. _ A composition for promoting _plant · 
growth a~ claimed ill anv one of Claim~ 25-

40 reference t(; Exa;npk I . . . 
29 in which rhc actA·c ..:;.irnp(•una and rhc 
rnur~·e of nitrngcn arc .prC~Clll in ~uch a pw.. 85 
portion that the ratiP of active ,_·ompound to 16. A pro('cs~ of prctdu.-in? <1n a.:rive esrer 

.of gibbcrcllic ao;id ~uh~tantidily a~ hereinbef Prc 
·dcsctihcJ \',<;irh rdcrcncc tn Exa111ple ll. 

· nitrng.en is from I : 320 1t• ·l ; 6.40. · 
· ALFRED 0. UA'LL. 

I 7. :\ process of prn:lucing an active acyl:ild 
45 dcrivati\'c <lf gibbcrclli~· acid !>ubsrantiaily a~. 

__ A..,.g....,,..nt for the Applii:ant~. 

PROVISIONAL SPECIFICATION_ 
N(l. 19238 A.n. 1954 ·. 

Gibberellic Acid and Derivatives thereof 
We. IMPFRL\L · CHEMli'.AI IN1)t'Si'RIF.S me,thod of prndudng the aciJ bv a n1etabolk 

L!MlTEn, a company ;)r?ani!'ed lm<.ii;r the· process. 
90 l;nvs of Greai. Britain,. of_ Imperial Chcmictl- .We ha\'C t(JU"nd tha1 frnm cultures of G[b .. 

House; Miilbank, Liindon, S. \X·~. l, and PERCY bi;_rella fujikuroi_. (Sawada,: \Vollcnwebcr( 105 
\trRA<iG HRlM( iind i\1ARGARLT Enrrn RMiu~v . ,. Fusariurn 111011-iliforme Sheldon\ ·there mav be 
and P11u.11• f ClHN (~rnTl1' :md CiHll~m; \VYNNE · cxtrarn:d a t)C\'.' orga1* acid l;aving .. cite ·pro~ ' 
fa.SON, all British ~ubk1.'!S of The Frythc, pert_\' of pr.1mo1ing plant !?-f"Wth. This iicid is 
'X~d,\·m. Hertfordshire. dn .hcrchv dedarc. 1-hi~ hercinaJ1er rermcd · 1?.ibbcrellk acid, • 
invcntii•11 tn .. he. des<·ribcd in ihc. fntl1>wing 'The· present .i1wc1ition .therefore· prnvidcs a i"IO" 
sl.at(:n1Ctu: ... ~.... nc\v .._~_hcn1i\'·a1. cn.n1pnur1d. iib.hcrt~11ic -~h.:i'L s,1ch 

Tpi~ i11\·~r!tion rel:rn:s· lll a uew 1•rgani~· acid a~ is. ohtain:1hk- fn1m a u1lr.urc .if (iibbcrclla 
'ha\·i.ng plam i,rflwth pn1mo1i11g pnipt;rtics,_:_ind fuiikuwi, "the .a~·id twin~ drar:iltctised hr rh('. 

100 . w deriva1in:~ · rlwn:of. in pani,·nlar 'salr~ ;111d f;,;ikwiog pn1peni..:~ · · · 
ester~. The ·invent i1•11 further relii_ic.' l" a 

95 
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g.l ... t'\·~,!t1n1·n 

I 'I· · -.:_i 
~ll :·,·~~th~i~H1! ·~ 

I! .. ' l 

The iavcnll••n :iis,, pro\'idl'' ,ilTi\Jti\'6 <.•f 
gihhcn::!li~ :kid. ;u panirnL1r 'alt'> anJ e~tcrs 
1 hcrePI. .: · 

,\lpn; •metlwl l',tl'r 111.f'· ](1- -· 2t1<; 
The prcst:lll in\"\.·:111111' /~,, ;nr.vide, mixture, 

!!:l\·ing.pl:l-IlU,!r• •WI h pt<li\1101 i1'g pr<~periie.,· cnm­
pri~ing gibb1c:.rl·iii' aci,i. nr all ;1~·tin: Jcrivati\\' 
1hac111. and ·.1 Jiluent. 

pc H r1 •1110pi1t.:11 ;1 ~\·I c'Lcr 
Hn.lnih·sis with hiiling . 

• 111 i nc'ra i au cl ·· 
Ai.:t>tyl dcri,·;1ll\'t.: 
,\kthyl :.1i.:e1yl 

111.1· ..:: l ~-2 i \) • 
l ni"it· drl>t•ll di1•xidc 

t.:\'· i1"t:J. 

gihbcrdlatc, 11\.F' 1,;0-I i-; I 
I nfra-rcJ .1bnrpti<m ..tlf\'l' a~ ~hm111 :n the 

acu•mpanyi1:g dr<i\\'lllg 

Further. ihr. prl:~cn' mn:n111·n rr<•v;Jc, a 
pro((-:;!\ <·("·r~r~~du;..:inµ. !:-!il ... :i..:.n:l:i ... ~h:id. Pr n1ix-
1un:' <:t.'J1LJi1·fol! · -.ii.:i auJ. lp•m a t.:ultun: of 
l iihherclLJ. !·uii.k1;rn:. 

( iii'.bc!:-::ili..: «-.:id ;-; prudu;.:cj bv (.jihherdla 
1 u; :kuru: \~hen ~r· ·11 n .1~ a slJrfacc rulturc . or 
a, ;t Jeq~,: .. 1irrc.I .md aerJted culture in a 
~ui 1.tbk aquc,'U' :11<.:J1um.' .\ ,sui:ahlc medium 

·x-ray ru11jcr ditfradi.,•Ji 1inl:' a~ ,j,, ... \li :Ii 

Table I. 
mu,t '''nt~n .t .:.irhPn ~c1urLe :~l!.g. sucrose. 

T:\Bll· l. giu~·•""t.: ,., .. ·gl\,,:r,1L at ~--11.l' "'i,J· an 
X-rav· l'••wJcr l )jtlral':iun L.nt~ Pl liibbcrelli~ ammnniu:1~. ,.11! ··r .1 nitrate yr~ a ,Jige_st of pro· 

. :\..;iJ ex CLIJyJ aLCtate_:· lt:ill e.g. ;'t:p10111.: :.I~ nitrogen ~C1UfCC , tU give 
Sparn1g ··. d ·· lntcn~it\' •· I .. a .: .. n,:cmri;,L;<•ll •.li :-..; in the medium of 0.01-

} I.I 20 

"~ ~.:'3 2 
·. <- ~i.~~ :\ ~i . . . . . 

..• ·-.__.;,..I<!":,:, 6.o9 w 
'71'.? .. 6.tH 'i 

) .31 }ti 

).06 
4.S4 31 

. 4.60 7 
4.33 3 
4.IB 3 
3.85 \\' 

3. 714 3 
3 .~91 1 

3J'.)ll l ~ 
3.214 I 
3.\1~5 \V 

2.99~ 1 ~ 
2.~~2 I~ 
2.7t\6 I 
2.r., . ..;.·:, I 
2:i4'; 2 
2.-t~~ ) 

2.41 x \\' 

2.~:'I) 

2 .. ~114 
2.249 w 
2.172 
2.120 
2.040 w 
2.003 w 
1.971 \\" 

1.9.~6 ,,. 
1.920 w 
l.~h3 w 
l .S:'i.~ \\ 

!. 7Sll w 
l.691' \\ 

\\. denotl'' a \I e.1k rdle.:r ie>n 

b 
b 
b 

b 
b 

b 

i 1 '.' • ;1 ;,;on-:cmr:nton of ( 1.1H :. being gen-
1.!raJy 'u1ta-blc~. a magnesium salt (e.g. mag­
n..:,iu:n ,u!pilau: hcptahydrate at 0.05 ·:. or 
:iKrcah•m,, ".1'11i-.:l; alsl' L'.llIJ\"cnic1uly adds stil-. 
phatc: 1\ h:~i'i t~ .ds•.1 nci:c,~ary !iut \\·hich may be 
;1,JJcd in ~"·mi.: 01hcr form 1.f anttthcr !.alt tif 
!llJ.l!.lle>i um ·:1, . use.I;·, a ph11~phatc ;_e.g .. poi.a~­
,iut11 dih\d.rogen pho~phafr al 11.05--0.5, 
1 J.1 , . being;:a suitable rPncentrationj. a pota~­
'ium ~·ill \\'hid1 may be. conveniently the 
pho~rhatc, .see ~tl)ll\'(, and traces ,ca. · 1-IO 
p.p.m. of m_~taI:: ,,f salt~ of iron. copper, zinc, 
m:urnariesc .1pd a trace , 1-10 p.p.m. of metal) 
<'i a mo~vbdate. . 

Fermc"urari•ms can .be con\·.;:nientlv c~r:..ied 
;,ut .11 :i temperature in the range 25.:__33 C. 

( iii,berellic acid has been produced in still 
.1nd i11 ~rirred. nrlture using Raulin Thom 
mt,1iutr: L•'AWllllll/! ,u.:rosc a' the carb1in 
~ourt'L' Fl•r ~,{iii. .:ultun: this medium was dis­
pensed in one.litre p0rtions in eanhware vessels 

. •mJ :he ..:ult~res ini.:ubated for about ten day~ 
-':·:· ·,~~-;H 2' ... ln.:ti'bation ,if ~tirrcd cultures . lasted 

. · ·· r · -~ hrcc: w fi\·e davs at ~; . The culture 
·· -~. iitratc, of .·pHLt-«•r les~ •. adjusted with 

·,:_,",.. ,,,,. , ·-:iyJrochhinc ariJ . if necessary). was ex~ 
· : - tractcd wit~ 10 g./I of kD.H. acti­

\'atcd charcoal. The air dried charcoal' (con­
taining 20 w '.30' !ll<)iMurc) · W•h conrinuously 
eluted. with atetAnc. and the eluate evaporated 
under reduccd~ptessurc togh·e an aqilcous ccn·­
L·entratc whiL:!i was extracted twice with at 
least an equal ~Jilumc o: cth\"I acetate. The 
L·,1mhincd cth-.;l a~etatc s11l11tilin~ were extracted 
't\1 ice with i~ : • •f their \'l'lume "f phosc 
1'h.l!e buffer pH ·r,_i H6 g. KH,PO, and 24 
g, KOH -in l L cii watt.:r .. The buffer.extract:. 
~\'en: combinc'1. iidjusted to pH. 3.X, and cx-

,. 

h d1;111te,. ct bn•;1d dithht rdle,1i<'11 

1radcd twici.' ~1 ith ,rn equal volume 11f ecllyl 
a,·_l't.11e. On ,·"n..:e111r.1ting thcsc.extrncrs, crude 
i.:ibbcn:lli.- ;1..:id ,'r\"stalli~d in yield:. ·of about 
~lu mg./!. The -..:nr~k acid was purified h).· add­
ing .m ·_cquill \'t•lum"· if light petroleum (60...:_ 
;'

1 
• lo• a '"l:u!il•ll Ill b1iilil:l!! ethyl <lCCfate. 

'i'h« 1h:rd ligurc hc\1111d tlw ,kqi!l.d 1w:n1 
j, hardy stgnilK.1111. 

- .• 
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Repetition "! ihi' prr•cc~~ gave pun: gihhcrdl1~ 
;;~:id a~ ia.g£c,.! lathe~ c!e..:o.m1)("ing ,n 2.n--
235 • I, j, · ~2 ·,·, 2.12 in ethanol; '.:Fuund: 
c. 6:'i.l1. (1''-"'· II. 6.6. 6.55, Eq WI., .B5. 342 .. 
C,)Ij) l"L'Ljllin:, C. fi'i 9; H. 6.4 ' .. Eq. \l't. 

(monnha~il', ~·lh .. The mo.lc..:uiar wcigh1 ha' 
been ,:onlirmc:d bv the X··rav nicthocL The·unit 
.:e!J wa~ 11.:rragnnal and iiad <( b I0.90'. 
c 21'.74.\. The dcn~i1v 11'a~ l.34. 0.01. 
\\'hence tbc n1olcwlar weight n~ molecules per 
unii c·cJ: i' ~45. 

Gibherclli.: acid gives a methyl ester; m.p. 
20:-:-209 .'Found. C. 66.65: H. 6.85; Oi\1e. 
I'.~. C:,JI, ,l). requires C. 66.65; i-1, 6. 7 ;.OMc, 
·8.6 : .. ;. with either "diaz,,methanc or methyl 
iodide .md pota,sium carbonate in· acetone. 
The p-bromophenacyl ester has m.p. 2 l 8--· 
219 . :r(•und: c, 57.65. H, 5.0: Br. 14.35. 
C .. ,H0 ,0 Br. H,O rc.:iuircs C. 57:75; I-I. 5.2; 
Br, 14.2·· .. ). A..:ctylgihberellic acid. m,p.' 233.-
234. ~dci.:.J. ::Fc•und: C; 65.L H, 6J5. 
C~,Hc,O: require~ C, 64.9: IL 6.2" ... ), pre­
pared wi!l1 aceti~· ·anhydride in pyridine at 
room temperature. \·!e!d~ il methyl es1cr.·rn.p. 
l8C-1Xl (found: <.:, 65.3: H, 6.7 
C, H",.O. require:. C. 65.65; H. 6.5' .,), also 
1•htai1icd by ;ice:\ lat ing methyl gibberel!atc. 

Direu extrani~)J: tif the culture filtrate with 
t.•rganic sn!vent will r'erm•Ye gibherellic acid 
bur n<>t so effo:tivci\· •ls \Vhen charcoal is used. 

To obtain :11:i~imum yields in stirred 
culture~ it i~ nc..:e<o .. :1ry tc carry' fermentation 
en for what i> a Jl,ng time hy usual standards. 
Thi' i~ shown .bv th( following yield/time 
data for lnf! lirrr hatch of Raulin-Thom 
medium cnntaininL? .4 '. sucrose, initially 
adjusted to pH ~ 5. and at 25 C. 

Hrs. fermcmatiPn 
9~ 

11 7 

141 
164 
1.87 
212 
236 
262 

. · 284 
331 
402 

Yield (mg./i.) 

·~ 33 
39 
82 

105 
92 

138 
160 
189 
193 
249. 

Gibbcrellic acid. and ccnain of irs deriva­
tives such a!. ~;;!t<, and c~rcrs partkulaily the 
methyl ester' ha~ the pn>per!y. of promoting 
the growth nf plant!-. a~ is shown by the 
following des..:riptt1•n nf experiments on wheat 
and pea scc:<lling~. 

W'hei1 wheat :.ccdlings arc gwwn in water 
..:ulturc and gihhercHic add is added to, the 
i.:uhurc sduti••!l in prnponi1>11~ of from 1-10 

11 

par~ per iniiiion pf ~olution, the seedling~ 
gn·,,, tailer than untreated plant:':>. Increase~ in 60 
height. "J tbc <~rJcr of '\ri:· ·. arc n•mmrm . .the 
in..:rca .. c-hcing J11c to a; a great inaeasc in 
length of the mcs.i..:ot\'i and lb! a smaller 
inc~ca~c in 1he lcngi11 t\f later i;rn:rnndc' and 
11f leave~. The leaves, . ·alihhugh larger. arc 65 
narrower than those o'f unfrcaled plam~. The 
cnl:!rgcd plant~ are paler in Cl'l:iur than un­
n'cated plam' .in solutiom llf ·1ow nutrient 
~tqt'u~ hut this effect ..:an be tit.fact by inc:reasing 
the <.:Hnc:cntration <•f nutrients in the -::ulturc 70 
solution. 

Rc,ults from four ·experiments, where 
gibbcrellic acid wa~ supplied in the culu1re 
wlutino at 5 p.p.m .. arc summ~rised ia Table 
2. It will be seen that {a) fresh weight and dry 75 
weight of shoot.~ are fairly consi~temly in­
creased; (b) fresh weight and dry weight M 
toots arc reduced, parti1:u!arly-in the ki\\"-](!vel 
nutrient. The original data from which Table 
2 was compiled also showed ihat the weight. 80 . 
increases in the l>hoot ·are usuall~· far gr<:ater · 
than the los~c' in wcighl of ·ihe niots, .so tll.a't 
the net effect of gibherellk acid on the whole · 
rllam is to increase fresh. weight and dry 
weight. If the shoms alone are. considered, the 85 
dry weight increases are due· panly to re-· 
disrribution of dry matter between rNJt ·and 
shoot, and partly. due to greater dry matter 

.synthesis by the plant. The c.arbon, nitrogen; 
phosphorus and ash contents of equal weights· 90 
of material from. treatc.d and untreated ,planes 
do not differ greatly, though .there· ctppears 
possibly to he an increase in the pcn::emage 
carbon content and a slight fall in·ash, nitrogen. 
and phosphorus.: fo any case, there ·is an un- . 95 
doubted great increase in the carbon · 
assimilated pe1' plant. This is a .Point ~)f some 
imeresr; i~ could be .due to th~ tre:gcd plams 
havin~ a greater leaf ·area· in which photo­
&ynrhesis could take place or it could he due 100 
to an im:reasc in· the rate of carhr~- a~~imila-
tiun per 'unit area. of leaf. li1 experiment~ 
where the necessary estimates of leaf area have 
be.en made it appears that the increased carbon. 
assimilation is due . to increased leaf~area. 105 
There arc qualitative. differences in the. carbon . 
components of the treated plants: For example 
the total carbohydrate soluble in 80·. ethali<ll 
is increased by about 75 '/, 1wer control!>, an.d 
by chrnmatography of sap expressed from , 110 
cytlilyscd plants, ir · has been foi.md .. that the 
sucro~e com em is increa!>ed by about 25 · ':·, 
and frucwse and glucose· concentration by 
ahnm loo· . It appears therefore thal, as a 
rcsuil of che treatment; g'luco~c replai:e~ 115 
sucnisc as the main sugar constituent of the 
plants. 
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\VHI;AT: mean percentage im:rea~c "r Jc.-n.~asc per ~ccdlin~~ alter" .3 
week~ growth rc~ullinl;! from 1;:ihbcrellic al.·id treauu(in( 

s Ex pt 

Go 

l;l 

10 ( '., .... 

Nurricm 
level 

lnw 
high . low 
high 
k•w 
high 
lnw 
high 

Heigh: 

44 
80 
$(>'' > 

!OX''·'' 
7·F";' 
76*"" 
93'1'"'· 
69*~· 

· D\\" ~hoot. 

5 
_:;9''"!' 

9 -~·V''' 
~ 7'' '·'*'!" 
.?I .?fr'"'' 
I I 1-f'"'· 
17 If)*''· 
5 ' -

F\'f roflt: 

24*'1 

B*'i .. 
12 
25 
35" 
2 

.. 

I 1\'f ro1•t. 

24**" 
3 . 

15"-"'1 

0 
17* ... 
14** 
34*"'' ·. 
16 

15 
'''* ~tatisticalh· signitica111 P .01 :· 

~' ~tatistical\\" signiticant ·.P . .o~ ·; · 
nm stati~tically analy~cd 

. . ~ 

FW fresh weigbt . 

The effc.:t l•f gibberellic acid 1in pea seed­
ling~ growing· in water ..:ultun: i~ even Ill Dre 

20 !>triking than the effect on wheat seedlings. 
The height of the planr b greatly i1icrcascd­
in some experiments the seedlii1gs prodm:cd 
ha\·e been live time~ :.he height of i.'.ontwl 
plants. "l"hi~ · is due to a great -im.:rease in the 

25 length t)f internode~. Tht'! plants arc much paler 
in colour than .:nntrol plants. ·-

The ctlects un ihe chemical composition of 
pea seedling!! ·is siniilar fo the effects on wheat 
seedling~. There is a great im:rcase in frc~h 

30. weight of shoots and a smaller, but still,;.;on­
siderable increase: iri dry weight. Fresh weight 
and dry weight ,)f roots falls a~ a result· of 
gibherellic acid treatment. There is an increase 
~n the amount 1ii carbon. nitrogci1. a:.h. phos-

35 phoru~ and pota!>sium ~r plant in the shoot::., 
though. in term~ of percentage oi dry weight 
the content 11f all the1>c citcept carbon fell 
slightly. In the root~ all these fall in am()unt. 

The an1'mnt nf car~ihydrate soluble in 80"" 
40 ethanol increa:;ed as a result of gibberellic acid 

treatment, by about 30' : caking the plant a::. 
a whole. by 40"'., if the shoots only were con-­
sidercd. As in the case c1f wheat, the glucl~Se 
content ·of exprc~Scd ~ap was •na~kedly in-

45 creased. 
Reduced root gro.wth "is not necessarilv ob· 

tained under aU :onditiuns. Fm' example 'when 
gihhcrellic acid h applied to pea shMt;, in a 
lannlinc pai.te, increased weight of both roots 

SO and shoot~ is obtained. 
Thi: fact rhat great increases in yield of dry 

ma tier mav he obtained ·bv· treatment of wheat 
and pea secdli;1gs With \'Cry small quantities of 
gihbcrcJlic acid· il> of con!'iderahle practical im- · 

55 porta11cc. Fxperiment' in ·which ~rass crop~ 
were treated with gibbcrellic acid have con­
firmed that simila; irn:rcasL"i in dr\· matter 
vic!J can he ubtaincJ under .!icld .:Zinditions. 
• I 

DW . dry weight. 

l n :1 pal>turc trial it wa~ fii~nd that appli..:a- • 
tion~ 11f gibbcrellic acid J..-;'-4 oz/acre) a~ 'ill 60 

. a(.jUCPu.:- ~pray brought abq\it; .an increai;e. in 
;;le dtv matter yield of herh~ge at the first cut. · 
~c-e lolli•wing table 3). o, :1, ·_2, 3 and 4 oz. 

!?it1bert:llic acid/ai.:re were applied along with 
IJ, 3 :rnJ 6 cwts* fertili~er P.Cr acre to l/600th 65 
<1..:rc plot~ on 13th April (9,5~ and the pints ' · 
harve!!ted on 11th May, 1954. ·. ' 

Mc.rn 
, 

Fertiliser 
~cwt/acre) 

TABLF. 3.• 
Drv Matter Yield~ of Herbage. · 

· (cwts/acre) 
(iibberellic: A.Cid_ (oz/acrej 

. 70 

() 4 

u 
3 
(j 

10.03 16.41 · 18.W. 19.16 
1.4. 75 l 9:$7 22. ~6 ~ 21.65 
18.29 21.72 21.8-1 22'42 

18'.72 • 
21.85 ·.75 
23.27 

* The fcnillscr wa~ one c..onu1ining 12 ·:.N, 
12" total P,O (lL9·· _water soluble) and 
15··; K"O. . 

Although substantial increases \n dry matter 
yield were obtained withou_t_ application . of 
fertiliser; the grass plants . \\:ere yellow and 
mechanically weak. The plant~ on the gibberel-
li.: a.:id pl\i:; fertiliser i6 cwt/acre) plot!\ we~ 
normal in appearance. · 

In general, it has bccri fouJ¥l :that, in order 
w obtain the most beneficial ·results from the 
growth-promoting . propertic~ :. flf gibberellic. 

,80 

acid, treatincnt with 1hc acid Should be acrnm- . 
panicd by treatment with addftittnal quanti.f:ies · 90 · . 
of plant nutriem~ ~uch as fertilizer. . 

ALFRED 0. BAU~ ~· 
Agent f11r the Appl~1;ant1" 
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PRO\"I.SIONAL "iPECIFICATION 

Nn. 34129 A.D. l954 

Gibberellic Acid and Derivatives thereof 
\X' e. IMl'EfUAI. Cm.M !•.:\!. I l\'nt:sTlHES 

L1:-.unm, :i Comp..iny »rgani~c-1 under the 
laws 1•f Grca1. Brit.1in, 11f Impcria.l ChemiLal 
House. Millbank. L1nJon. S.W.1, ,md Pl:Rt.:Y 

) \X'J~Al;<; BIUAl\' and .\lAR1;,\RL 1 Ern rn R·\l>l.FY 

anJ Pim I!' Jorn; Ct·1n1~ and (~EORbF 
\X:Y::-<Nl: E1.:-.0N. a.ll Briti'h :;ubjcci,, of The 
Frnhc. W'dwvn. Henford:.hire, do hcrchv 
dc(iarc this i n~·ent inn to be de.~cribcd in th.c 

10 following ~rnrcrnc:11 : -
Thi~ invcnti"n n:late~ to a new organic acid 

huYin_g pl am )!l'i •" 1 Ii pr11mnting propcnic;. 
.rnd 111 J 111c1h,;.,! ·•i prr•dm:ing the <Kid hv <I 

1netaholi_- nrni.:e:;,. 
15 In "ur t:~ipendin.c Arplii.:ati1in !'\11. J<l23~/54 

we ha\'C Jc:.,crihc,i a new nrganiL ai.:id. 
gihb..:rc!li..: at:id. having the prnpeny d 
pr:•lr!Pting plant gr!>Wth \\-'t' h~l\'t'. ab» 
dt>,~Tiht,l .i pr11c"t~'" , •i pri •,iti-·i11g thc ac·id hv 

ZC1 c1l!!i\·a1ing ii 'PcciC' »I rn"uid (ribbercll.i 
fuiik1.1n1i in a ,uitahk al.1ucnu' medium. 

\\'c ila,·c now found iha1 1wt all strain:S ot 
UJ:.: i um,:u, prnJu,_c gibt'crclli,- .1ciJ. Rc>ulr~ 
d ll.'.~h L:<lrrjcJ Ptll tlll a \':!riCt\' rif strains dc1 

25 izkii..:.ne hnwcvcr th.ii ~rr,lin~. i~olated from 
nee >ccdling' info.:1.:J with the " hakana•· ,. 
di>c.1,c .ire mnrc likcl\· t•• pn•drn:c gihbcrc!iil. 
al.id than ~train' i"'!ated from nrher hn~t 
plant; >u..:h a' ..:nnnn .. maize and pineapple. 

30 01 'train' i"und ,,n ;ugar (;inc some :irr 
a;.;ii.v..: in pn1ducing gibbcrcllic and. others arc 
iwr Str.1im oi the fun~w, which produce lilt.~ 
:11..1J .;r, l11• 1rrh,iJ01~il.·a!h indi,ringuishablc 
frut~l ... tl,\l:1~ \\ h1~h pr1!....in .. :t: n\'C.~~ &thi \'.·hcth~r 

35 or n~·( d ...,tr(un i-.. ~i ... :U\c 1..:1n hl· Jetcnninp...: 
»nl\ hv l:r•·win~ n ,ui.l rc~tim: th.: ..:ul!urc. 

'l"iH.: .. i.~rc~cnt .. invcnUP!l thcr~fnrc pn~\:ide, ;1 

culture· of liibbt::rdi.1 · iupkun_1i (1>lllai11ing 
gi!">berdlic acid. 

40 - Strain, 11f ( 1ihbcreila fui ikuroi whit11 dn 
prndu..:c gibberclli..: ,1c·id an.: the - ::;1H.::allcd 
" Sawada " and " Miyake " slrains obtainahic 
from. lhe Ccntr·aalburcau voor Schimmel· 
cuilure~ at Baarn. Ilnl!and. Fnm.; 'tr.1im 

45 nwnhercd IOfJ I, J • 1114, 1 i ~.~ ;rnd I !34 in 11ur 
collcctinn of nwukb are also productive llf 
,eihht::n.:lb: .1,iJ \;nnpk~ nf the~c strains 

have heen dcp•·~itcd with :he Cent raalhun·au 
and lliith the Cornmonwcal!l1 .l\hcolPgi-:,tl 
lnst1llJ1l'. Ke\\', Surrey. Culture> nf 1hcsc 
<,train' "hen t:mwn as dcst..ribcd in App Ii ca· 
tiun \:,•. l 4..'.'x/54 \\'ill ~ontain gibbcrclli .. 
a.:id whi'h may be cxtr;Jt:tcd ab" a' ,k~l ribcd 
in tha1 .1ppii .. ·ation. 

~'(' !i:l\"C abo found that the time a1 whii.:h 
gibbercl!i1. ackl begins t1.i accumuhJte in a 
..:u!turc oi a :-.uitablc ;;train ,;f ( i ihherclla 
fujikur": and : he final yicl~J pf gihberdlic acid 
are intlnen:eJ bv the ..:onccntrati1•:i:- 11f <.he 
_-arbtin ~·•un-e an,i nitrogen '"urce and by the 
ratio of 1hi:'e ~WP cmK·cmra1i"11' in 1bc :lic<lium 
used. 

The tnl111wing Exampic' arc givcn in ill!::-.­
nation. 

A gihher<.?l!ic at.:id pr11c.l11·:i:ig ~!rain ni •hr: 
moulu ,\:·~ !!n•w1i in .~11 ht.re bare-he' ,,f a 
:nc<liun1 ,•r tht· 1nJlo\\·jng i...·\11!1pt"· .. !UPii · 

magn..:,iulli 'uiph.itt.: 
noras-,ium .!:!11.,ir:>gcn phnsphate 
;ninPr clcn:cni ,,,;1.:-entratc* 

gluco,c. m"n' •!1·;dr.itl' ( s~c below 
arnnwna!m 111tra1c 1 

)0 gnL 
1511 gm. 
60 ml. 

water! 

'''The o..t•mpu,iti,m nf ihc . m!m.ir clc:mcn~ 
t.:1lnL·cntrate \o\"<l\ 

FcSO .. "'H 0 
Cu\O, <.JI 0 
Zn'-n -ll t) 
.\1n.\O,./'H \) 
K .\\.,() 

!).! gm. 
0.111 'i grn. 
(I 1 (!,lll 

n.n 1 gn1. 
H.iil f.!lll 

!'Hl ml 

Th<: medium waii stirred, .i.:ratcd a;. a rate 
nl ln liircsjminute and rnainraincd at a re;n­
pcrarnn: nf 25 C. The pl I value of the 
mcdiuin wa' adjusrcd lO 4.) before sterilizing 

Yicid~ d gibhcrellic al'.id ·'.mg./l.) at varif,;1~ 
1 imc, ,!;;rim: :" cnnrmatirn on media crntain-­
ing Jilfcn:nt c';ln<..Cl!tnllio{1~ Ill giU\:O~(' imJ 
ammonium nitrate arc given in the following 
tables. 

• . , .... .. 
I( 'I. 1"· •. • .,! ·I, ,• I ·~ • ,f ~ 

'' I 

55 

60 

65 

70 

75 

80 

85 



/ 

783.61 l ----·------------------- - --

YiclJ of gihbercllii.: acid (mg./l.J 

5 

10 

15 

20 

Glucose 
M.01whydraLc 

lo .. 

,, 
" 
" 
" 
,, 

4-

Hours or 
fermentation 

120 
161 
195 
212 
219 
25!\ 
330 
402 

138 
168 
IS~ 

2 ltl 
282 
3!l'i 

-------------

,, 

lllU 
ll~ 
I ~7 
161 
185 

These result~ show that (a) yield appears to 
25 increase with increasing glucose cmH:cmratilln 

in the medium; (b) the optimum nitrogen wn­
centration increases with the increasing glucose 
concentration, 2.4 g. NH ,NO:i/l. being 
optimal with 16";, glucose, 1-2 g. NH ,1'0./1. 

30 being Pprimal for 4" . and 2 · glucose ·:_oi 
Cl'l1r~c the actual optima may lie hetwcen the 
values l<:sted':: '.-,-~ in nwdi:1 (of anv given 
glui.:osc ,on.:c-ntLll iPn product ir•n <>I µ;ibhcrdlic 
ac:id com111rncc' ~o••ncst in mcJi,; .if low 

35 nitrcigen ,·,•ncentration_ 
Similar result~ ,arc obtained with a glucose 

monohydr:itc concentration a~ high a~ 20- ·. 
w/v. Test-; l:arricd out on whc,11 and pea 
'iccdlings as dl~scribcd in our .:l1pe11ding appli-

40 ..::11i,1n 1\"11 192~8/54 show that the 1110110-

-----·--------~-- ··-~ 

19 

411 
61 

ltl2 
BQ 

n~ 

I <JO 
107 

41 
42 

Concentration of NH,NO, '(g.jl.) 

2.4 4.8 9.6 
-------------

59 

146 44 
114 204 
312 204 

-34 

71 
71 

5 
5 
7 

4 
8 
5 

2 

49 
5 
4 

5 
8 
7 

ai.:etyl derivative of gihberellic' acid referred 
ro in that application is as effective as 
gibherellic acid itself in promoting plant 
growth. 

In our copending application we have de- 45 
scribed processes for isolating pure gibberellic 
acid from culrures of Gihhcrclla fujikuroi, the 
pure material being required for chemical 
anah-,i~ and general idemiJi..:a1ion of the add. 
It will he nh\'ious howcvet' that for agri- 50 
;:11h1r:ii purpose!> ir will not be nci.:cssar}: w 
islilatc rhe pure acid, J crude um(entratc · heing 
adequate for treatment of plants or of ground 
in which plants arc grnwing or arc to grow. 

ALFRED 0; BALL, ~ 
i\gc•nt fl•r the Appliqmts. 
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