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EFFECT OF OIBRELl ON AZOTOBACTER CHROOOOOCUM 

IN'l'RODUCTION 

Gibberellic acid, a metabolic product ot the fungus 

Gibberella fujikuroi, supple ents gro th promoting 

substances that are normally found in higher plants, and 

produces remarkable effects on cell elongation, flowering, 

and dormancy (19, Vol. 8, p. 181-216)• 

ew studies concerning its effect on microorganisms 

have been reported. Lu et al~ (13, Vol. 181, P• 189-190) 

observed that soil treated with 50 ppm gibberellic acid 

gave unusual growth of Azotobacter chrooeoccum on sodium 

albuminate ag r plates used tor total b cterial counts. 

Further studie by Lu nd Bollen (14, Vol. 9, P• 318·324) 

indicated th t 50 ppm Gibrel atimulated nitrogen fixation 

and hastened decomposition of organic matter 1n the same 

soil. It was found that 50 ppm gave maximal effects. 

Nitrification and sulfur oxidation, functions ot 

autotrophic bacteria, were sign1t1cantly increaaed by 50 

pp Gibrel 1n all but two of eleven wide.ly ~1fterent 

Oregon aoila studied by Chandra and Bollen (3, Vol . a, 

P• 31·38). 

The previously published results on s.timulation of 

Azot9bagter growth and n1trogen fixation by Gibrel 1n soil 

1. Gibrel, Cl9~106K, ia the trad -mark registered by Merck 
Co., Inc., Rah: ay, New: Jersey.. tor technical grade water­
soluble potassium salt of gibberellic acid. 



euggested an investigation of its effect on pure cultures 

ot Azotobacter ohroococcum... Four different approaches 

were chosen to attack the problem: (l) optical denaitJ 

measurements; (2) total number ot viable cells as shown 

by plate count; (3) total cell weight or crop yield; 

(4) ~eldahl nitrogen determination. Gross stimulatory 

effects have been observed, but cellular mecban1ams were 

not investigated. 

Incidental to the main problem, it became neoessar1 

to study the etteota of calcium, manganese and phosphate 

concentrations in order to establish a medium moat 

favorable tor growth ot the test bacterium. 
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HISTORICAL EVIEW 

Gibberellic Acids or the G1bberell1na 

Ef'.t'ects ot gibberellic acids or the gibberell1ns . 1n 

higher plants have been studied by many workers~ A number 

ot gibberell1na have been 1aolated and their structures 

determined; among these the following have been most 

widely investigated. 

0 (.:0 

1------''::. 0 

Gibberellic acid Gibberic acid 

Gibberellenic acid 

Brian et al. (1• Vol. s. P• 602•612) reported 

increased length ot stem internodes and of' leaves in wheat 

plants. They also tound a decrease in root weight. An 

increase 1n cell length ot leaf sheath and a decrease in 

cell width have been shown by Hayashi et al. (8, Vol. 27, 
p . 672· 675) . 
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Brian et al. (1, Vol~ 5, P• 602·612) reported no 

effect on growth of wide variety ot bacteria and fungi. 

These inolud d the following: Baci llus aubt1lis, Bacterium 
.., 

aro1deae, !.!.91• Ca t ovorum, !.!21• volt, ~· phytopthorum,
A 

!!!!• traohe1ph1um. Pseudomonas ~arg1nal1a, ~. aolacearum, 

Salmonella typh1 1 Staphylococcu.a aureus, and Xanthomonaa 

campestris; glauea, Aape·rgillus niger, Bortrztis 

allii., Fusarium coerulem, F. graminearum, Mucor erectus, 

!f:rothecium verrucar1a, Penicillium digitatum, P. expan­

aum, ~· gladioli, StemP9llium sp, Thamnidium elegans and 

Trichoderma viridae. 

In 1957 C1teri and Bertoss1 (4, Vol. 33, P• 114-116) 

reported no effect ot gibberellic acid on yield of cellular 

material ot several ye sta, molds and algae. The organisms 

studied were Alternaria tenu&~· A persilus niger, 

Phytophthora hybernal1a, Rhi&~pus nigricana, Actino!lces 

a.lbua, ActinoD!]'cea griseus, Candida albicana, Sacchromxoea 

B1lipao1deua, Chlorella vulsar1a, Prototheoa eortoricensia. 

Lu et al. (13, Vol. 181, P• 189-190) reported unusual 

growth ot Azotobacter chroococcum on sodium albuminate agar 

plates whil studying effect ot gibberellic acid on plate 

counts ot soil microorg nismq. In the same year Lu and 

Bollen (14, Vol. 9, 318-324) found that Gibrel, a water 

soluble potassium salt or gibberellic acid increased 

nitrogen fix t1on in the same soil. The range of G1brel 
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treatment was tram 1 ppm to 1000 ppm and the critical range 

was found to lie within 5 to 50 ppm. 

Recently, Chandra and Bollen (3, Vol. 8~ P• 31-.38) 

reported that 50 ppm Gibrel effected increases 1n 

nitrification of ammonium sulfate ranging from 0 to 69 

per cent in different soils .. whereas increases 1n 

oxidation of added sultur ranged tram 0 to 50 per cent. 

A general increase 1n number of molds, bacteria am 
streptomyces was also found. 

0l'1t1c~l El&lll!Dt Essential in N1t.rosen Fixation by 
Azotobact r. 

Oalc1um 

Horner and Burk (9 1 Vol. 48, P• 981•9Q5) atud1ed the 

calcium, agnesium and iron requirements ot Azotobacter 

v1nelandi1 growing w.1th free and fixed nitrogen. With 

free nitrogen, a minimum of 0.1 to 0.3 mill1molal 

requirement for calcium ion was established for maximwa 

growth. Harris and Ga1nery ('7, Vol. 48; P• 696) while 

atudy1ng respiration of resting Azotobact r cbroococeUlil 

noted th t at lower pB levels calcium exerted a marked 

t~ul tory effect upon respiration. Esposito and 

Vlilson (6, Vol. 93, P• 564..567) studied molybdenum• iron 

and calcium requirements of Azotobacter and showed these 

irons to be specit1oally required by A. vineland1i 0 when 

fixing atmospheric nitrogen. Norris and Jensen 

(16, Vol. 31, P• 198-205) reported that calcium was 
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essential tor the growth ot ~· v1nelandi1, ~· chroocoooum, 

~· be1jer1nck1~, and !• agile, both in the presence and in 

the absence of combined nitrogen. 

Manganese 

Greaves {6, Vol. 36, P• 278) noted stimulation ot 

nitrogen fixation by Azotobactez when manganese, iron and 

iodine were added to liquid media, Similar results were 

obtained by Steinberg (18, Vol, 57, P• 461•476) who 

observed decreased yields of Acotobaoter when traces ot 

iron, manganese, molyb enum and c lc1um were omitted trom 

nutrient solutions with fixed and tree nitrogen. However , 

Jensen (11, Vol. 4, p. 235) while studying magnesium 

requirements found manganese to be less important than 

magnesium tor general growth ot Azotobacter. 

Phosphate 

In a review of the Azotob~cteriaceae, Jensen 

(12, Vol. 18, P• 200) mentioned the higher requirement tor 

magnesium with inorganic phosphate ; only 4 to 8 ppm 

magnesium were required with calcium glycerophosphate. 

During a study of the magnesium requirements ot Azotobacter 

and Beijer1nck1a, Jensen (11, Vol. 4, 224-236) noticed 

vigorous growth and optimum nitrogen fixation in a medium 

with either calcium glycerophosphate or 1,6-Fructose­

diphosphate. 
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MATERIALS AND METHODS 

Azotobacter cbroocoocum A.T. o.a. 480 was usea through­

out the experiment. This was maintained by weekly 

transfers on mannitol agar slants. 

lledia 

Unless otherwise mentioned. reagent chemicals were 

used. 

Mannitol asar medium tor maintenance: 

Mannitol 1o.o g 

X2HP043H20 o.s g 

•sso4 0.2 g 

!laCl 0.2 g 

PeC13,S~O (0.1 g/100 ml) 1.0 ml 

Molybdic acid (0.133 g/100 ml) 2.3 m1 

lln0~4~0 (0.234 g/100 ml) 2.0 ml 

Noble agar (Difco) 15.0 g 

Distilled water 1000 ml 

Liquid media tor study ot Gibrel effects: 

Basal Medium 

Mannitol 10.0 g 

MgS0
4 0.2 g 

llaCl 0.2 g 



'lA 

FeC1 ,6H2o (0.1 g/100 ml) 1.0 ml
3

MolYbdic acid (0.133 g)loo ml) 2.3 ml 

Other constituents - according to modifications 

Distilled water 1000 ml 

Inorganic Phosphate Medium 

Basal medium~o.s g x2RP04,3H2o 

Organic Phosphate Medium 

Basal medium+2.0 g calcium glycerophosphate (N. F. 

grade)+ 0.5 g KCl (crystal). 

Manganese Additions 

Stock solution ot JtnS04,~o (0.2 g/100 ml) and 

MnOl , 4B 0 (0.234 g/100 ml) were prepared.
2 2

For 2 ppm salt= 0.65 ppm l'fli.. - 1.0 ml/liter ot 

basal medium.. 

For 4 ppm salt~ 1.3 ppm Mn...... - 2.0 ml/liter ot 

basal medium. 

Unless otherwise stated, manganese was added 1n the 

form of MnCl2 ,.a2o at 4 ppm. 

Inorganic Phosphate with Glycerol
Equivalent to Glycerophosphate 

Inorganic phosphate medium -t- 0.306 ml of glycerol. 

I 
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Inorganic Phosphate with CaCta and Glycerol 

Equivalent to Calcium Glxcerophosphate 

Basal medium -r 2.168 g K HP04 1 3H o -r l.4 g OaC1
2

, 2H 0
2 2 2 

-r 0 . :306 ml of glycerol. 

Inorganic Phosphate with CaS0
4 

(a) tt HP0
2 4 o.e g 

m Po4 0 . 2 g2
a8so4 0 . 2 g 

CaSO4 (anhyd ) 0.1 g 

Distilled water 1000 ml 

Atter shaking well and standing tor 24 hours , the 

supernatant, was decanted and uaed for the following 

mediuml 

(b) Olear supernatant (a) 900 ml 

Mannitol 10.0 g 

llaCl 0 . 2 g 

~HP04 , 3B2o 0 . 2 g 

~so4• H2o(o. 2g/lOOml) 2 . 0 ml 

Fe01
3

, 6H 0(0. lg/lOOml) 1.o m12
Molybdic acid (0.133 g/ioo ml) 2 . 3 ml 

Distilled water 1000 ml 

Fructose • 1,6 • DiEhosphate Medium 

Basal medium 200 m1 
ltCl 0 . 1 g 
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Fructoae•l .6~diphoaphate 

Inorganic Phosphate ..1th 1 , 5 Times Mannitol 

Inorganic phosphate medium with 15 g mannitol , 1n 

place of 10 g . 

Gibrel , where used , was added in one per cent aqueous 

solution to sterilized media to give a concentration of 

50 ppm. Solutions were either freshly prepared or kept at 

10
0 

C not longer than ~ days , Gibrel was used instead of 

gibberellic acid because the acid 1s highly insoluble in 

water, 

Ked1um for Plate Counts 

The organic phosphate medium with 1. 5 per cent noble 

agar was used , 

Analytical Procedure 

Optical density measurements of growth 1n liquid media 

was measured after 24 hours using a Bausch and Lomb 

ttspectronic 20" colorimeter at 625 millimicron wavelength. 

Total cell weight or crop yield after 1 days was 

determined by centrifuging contents of culture flasks at 

5000 r . p. m, tor 15 to 20 minutes followed by washing. The 

pellets were quantitatively tranaterred to aluminum cups , 
dried at loo"c for 24 hours and weighed . 

Nitrogen was estimated by tho Xjeldahl procedure , 

using Hibbard ' s mixture and selenized granules as catalyst• 
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Bocoverles with standard solutions ot ammonium sultate 

varied from 99. 3 to 101 per cent. 

Experil!lental Procedure 

Inocula tor shake cul.tures were prepared from 72 hour 
0

old cultures grown on mannitol agar slants at 29 0 1n 

a - ounce prescription bottles . The aurtace growth was 

suspended in 10 ml inorganic phosphate liquid mediumJ 

0 . 7 ml of this suspension was used to inoculate each 

flask. The cultures were frequently examined for puritJ' 

by direct m1croacop1o examination ot stained slides and b'f 

plating. 

Shake cultures were gro1111 1n 250 ml cotton plugged 

Erlenme7er flasks containing 100 ml of liquid medium 

after sterilic1ng bJ autoclav1ng at 15 p. s . l tor 20 

minutes . New Brunswick rotar1 shaker was used to 

insure adequate aeration. It was operated at 240 r . p. m. , 

and incubated at 28 ~ 3 
0 a. 

All treatments were replicated at least twice 1n 

each experiment, and each experiment was repeated several 

times . 
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RESULTS AND DISCUSSION 

Table I illustrates the effect of manganous chloride 

and manganous sulfate as sources of manganous ion with and 

without G1brel . Addition 1n terms of manganese waa 1 . 3 pp.m 

1n each ease. The chloride was superior 1n the organic 

phosphate medium. which gave better growth than did the 

medium ith 1norgan1e phosphate . The stimulatory 

influence ot G1brel is evident 1n each of the med1a . 

Inasmuch as the basal medium contained adequate chloride 

and sulfate ions . nutritional reasons for better growth 

w1th manganous chloride are not apparent.. However , more 

precipitate occurred in the medium contuining the aultate . 

T ble 2 shows the effect ot manganese at 0. 65 ppm 

and 1. 3 ppm in organic phosphate and inorganic phosphate 

media , with and without Gibrel. Increased growth at 7 days 

with Gibrel is well shown by crop yields and plate counts . 

Table 3 shows difference between organic and inorganic 

phosphate in their effects on growth of Azotobacter as 

determined by optical density , plate counts , crop yields 

and Kjeldahl nitrogen. Average of these tour criteria 

indicate the calcium glycerophosphate gave more than tour 

ttmes as much growth as did the inorganic phosphate• . This 

1a 1n agreement with Jensen's (ll , Vol. 4 1 P• 224•236) 

findings . 

Table 4 presents data showing that the better growth 



TABLE I 

Camparat1w Etreots of lfanganC*I4 Chloride aDd Kanganou.a 
SuUate a'l QrCMth ot Atsotobactv chroooOOQU! 

Manganese at 1.3 pJ*Itl~ ~ 
Jt!S04 llnC12 

Crop y1e1cl Crop ,:leld 
~tical. at 7 days ~tical at 7 dqe 

Jredl.- Denait,... D17 ~ialll Densit,.. Dl7 basis 

Organic phosphate 0.62 60.0 0.64 108.0 

Organic phoaphate
-+so ppl QibNl o.66 126.0 01/ 151.0 

ID.ozoganio phoepbate OJ.S 24.0 OJ.S 26.0 

Inorganic phOIJikte 
-t-50 PJD Gibrel o.s:L 40.0 0-44 34.8 

* Veuured at 24 bra. 



TABLE 2 

Effect of Jlanganows Icm Concentration on Growth f4 Azotobacter chroococoum 

o.6s ppm 

Kanganese as JmC12 
1.3 ppm 

Crop yield at Plate count Crop yie1d Plate Count 
Optical. 1 daye. Dry at 7 days Optical 7 days. Dry at 7 daya 

lfediua Densit7* basis. 111 II.W.iona/ml. Density* baais. • 1llll1ma/ml. 

Ot'ganic phosphate 0.'11 - 65 0.?3 - 60 

Organic· phosphat& 
~ SO ppm Gibrel 0~?6 260 o.s, - 230 

Inorganic pboaphate 0.37 26 - 0.43 Z1 

Inorganic pbo~te 
1"50 ppm Gibrel 0.38 31 0-48 35 

* Jlea8Ured at 24 hrs. 

..... 
ell 



TABLE 3 

Comparative Effects of Organic aDd Inorganic Phosphate Cll Growth 
ot ~•otob!cter obrocoeccua 

lledi\8 
Optical. 
Dceit7* 

Plate Cowrt, 
at '1 daJ8 

IIUli<U/al. 

Crop yield 
at 1 dal'8 
dry bu1a 

Ill 

Xjeldahl 
litrogen 
tlaak 
Ill 

Qrgazdc ph08}:b&te o.S'l 60 93 1Q.6 

IDorgauio phOIIJMte 0.10 10 24 s.s 

* Keasured at 24 bra. 

...... 
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obtained with calcium glycerophosphate la due to the 

molecule as a wholei Combinations ot d1potaasi~ phosphate 

with calcium salts and glycerol gave much less growth than 

the organic phosphate. Possible ability ot the glycero­

phosphate to act as a hydrogen donor in the nitrogen 

fixation reaction ay account tor these findings. 

Carnahan et al. (2, Vol. 38, p . 188-189) while studying 

nitrogen fixation 1n cell tree extracts ot Clostridium 

pasteur1anum found sodium pyruvate to be a most active 

substance in the fixation process: o<•ketobutpt1c acid and 

man7 other hydxaogen donors were much less active. 

Table 5 shows results ot an expertment conducted to 

dete1•m1ne · the effects ot different methods of sterilizing 

the liquid medi • Because more or lese precipitate 

always occurred tter autoclaving; this interfered with 

optical density measurement•• Attempts to avoid this were 

made b7 sterilizing the medium by filtering through Pyrex 

sintered gl ss filters UF, and transferring aseptically to 

sterile flasks. Either the presence of the precipitate 

f vored growth, or filtration removed same essential trace 

element. Possibly the precipitate retained suoh elements. 

or it promoted growth through physical action, It is known 

that finely divided materials and colloidal substances can 

increase growth by the greater surface area presented 

(15, Vol. 4, P• 82·90). uch higher counts were obtained 

with the autoclaved media, especially with the Gibrel 
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TABLE 4 

Bf£ect of Modid,ed Phoapbate Media and Gibrel em. growth 
ot Azotobacter ohrooooocum 

Crop )'ield 
Optical Plate Counte at 7 daye 
Dena:l.t.)' at 7 d&ya Dry basia 

*dia 
I 

at ;24 bra lAlliglal !II 

Qrganic phOS}:U.~ 

Qrpn1c phoepbate 
SO ppa Gibrel. 

Inorgud.c phosphate 
1f:l.tb gl;poeral 

Inorganic phosphate 
with glyoeral
so ppa Qibrel 

lnOl'ganiO phoepbate
ntb caso4 

Inarganio phoepbate 
with CaSO4 so ppl 
Gibrel 

Inorganic phosphat. 
with eac:L2 aD4 
&11oeral 

rru.cto.e-a.,6­
diphoephate 

Prv.ctoee-1,6­
diphoephate 50 pra 
Gibrel 

Inarganio pboepbate 
nth 1.s t1mea 
ann!tal 

!Dorgan:l.c phosphate 
111th l•S tt.e 
-.nnitol. so ppl 
Gibrel. 

o.64 60 

lS 

- 180 

0.05 2 ­

-
(.1* 

0.08 X 0 

0.12 ll 

10 .0.312 

0.,36 

99 

133 

39 

49 

-

-
-
-

36 
X J.t 1 days
* Jot -.ureciJ heaV)' precipitate in mdia. 



1'1 

or-.u. 
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addition. 

Table G shows that 50 ppm G1br l considerably 

increases plate counts &nd crop yields ot Azotobacter. 

Dat for ropl1cate cultures for tio experiment with 

organio phosphate and one experiment ith inorganic 

phosphate are presented• The Gibrel effect 1a pronounced 

in each medium, although more growth was obt in d with the 

organic phosphate. Reasons tor the effect of Gibrel 

are unknown. Recently, however, Ormrod and ~1lliams 

(17, Vol. 35, p. 81•87) expressed the belief that the 

sttmulatory action of gibberellic and 2,4•d1ohloro• 

phenoiqaoet1o acids in plants is closely related to 

phosphorous metabolism and buildup of growth material 

reserves . 

Table 7 presents data showing that total nitrogen 

fixed by zotobacter is definitely increased by the 

presence of Gibrel at 50 ppm. Again, the superiority 

ot the organic phosphate over the inorganic 1s 

demonstrated . Whether the G1brel increases total nitrogen 

by 1ntluenoing the fixation reaction or by increasing mass 

growth was not determined. However, the data of Table 7 

suggest that the increase in cell mass could be the main 

factor 1n increasing total nitrogen fixed . 

Table 8 is presented to show correlation between 

intensity of pigmentation and total nitrog n fixed . 



TABLE h 

Gibrel Effect m Plate Counts and Crop Yield ot Azotobacter cbroococcum 
in Organic and in Inorganic Phosphate Ked1a 

Plate count at 7 days 
ltlll.ions/ml 
Gibrel ppm 

Crop yield at 7 day dry bans

•G1brel ppa 

0 50 0 so 
Org.anic phosphate I 60 230 103 143 

60 Z!O 119 164 

Organic phosphate II 10 190 90 lSS 

20 190 89 lSO 

Inorgard.e phosphate 6 no 'Z1 .35 

.30 150 - -

.., 
u:> 



ao 

' 

• 

' s 
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Incr a d fixation • toun to ooo nf 1noreaae4 .Pi n 

prod tton. R1 t total n1t OS rr. values ••• 

1n 4et1n1tel7 blaok oul ures w • low t 

wer alw: 1 tound whel'o oolor ••• detW l'f absen • 

It 7 be tioned that no p1 nt t1 a • 1! ob ned 

wt an ae 1D !no!' ani> p pbate d1 · • 

Kloro c pia ob ervattona r •••1 n •1 1t1 nt 

ett ct1 ot G1br 1 on orphol.o ot o 11 etal •1 th. 

thyl ne blu . • 

Beoa Cl' p 1eld1 late o t X.Jel4abl 

n1 regen det r natto a were no proport1oaa1 thte u14 

e due to 41tter n a be w en 1able oc:nm.t and total 

r ot o 11 , wh1 h wer 

10 C~UDtl t 7 d 7 0 

t ·ria are ot unua 

..........,~......,.......,..... (10• Vol. 661 P• 17 ) b ua it 1 

owth rate 1n n trogen• tz-e apt tlo 1 · • 



- - -
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TABLE 8 

Correlat1Cil ot P1pentat1m ot Azotobacter chroococcua 
with Total H' trcgen Fixed 

Total Ditrogen Fixed at ? days 
111 per 100 a1 or med1ua 

Color 
m.act BrOlin Light brOWD Colorless 

9.5 4-4 3·7 1.3 

9.7 s.s 2.5 1.2 

8.6 6.2 4·3 o.a 
10.6 8.1 4.8 2.3 

12.0 7.2 6.4 0.4 

ll-4 s.s 5.2 o.s 
9.6 5·9 - o.s 
7.2 6.0 - ­

6-4 

6.8 - ­
9.8 6.3 4·5 1.0 
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SUJIMARY 

Results of the expertments presented tn the tore­

going tables are the fallowing 1 

1. Manganous chloride (llnClg,4~0) was found to be 

superior to manganous sulfate (KnS04 •820) ·tor the 

general growth of the culture studied, Azotobacter 

cb:roocooeum A,T.c.o, 480. 
.,.'t"

2. More growth waa observed with 1,3 ppm 'lin compared 

to o.65 ppm an+T". Higher concentrations ot In++ 

were not uaea because the7 incre sed precipitates 

1n the medium and thus interfered with optical 

dens! ty measurementa !t 

3. Organic phosphate in the form of calcium glycero­

phosphate as the whole molecule gave much greater 

growth and more total nitrogen fixed than did 

inorganic phosphate in the form ot the dipotassium 

salt. The calcium glycerophosphate was superior also 

to various combinations s.upplying calcium., carbon and 

phosphorous equivalent to calcium glycerophosphate. 

4.. Gibrel exerted stimulatory etteets on growth and 

nitrogen fixed, 1n all dUterent media used for 

A&otobacter cbrooeoccUDl•· 

5. The significant d!tterences 1n results obtained with 

autoolaved and filter sterilized media cannot be 

directly explained. The better results with autoclaved 
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media may tentatively be at:tt-ibuted to the colloidal 

nature of the precipitate and inoreas d aurtaoe 

exposure offered for growth.­

6 . The total nitrogen fixed by Azotobacter obroococcu:m 

was always greatest with maximum pigmentation as 

shown by definitely black color. In inorganic 

phosphate media containing only 0.65 ppm llri
+-+ and 

giving onl,- poor growth of Azotobacter . pigmentation 

waa light or totally a'baent. 'l'h.ia was not true tor 

calcium glycerophosphate media which produced bl ok 

cultures in all cases. 

Studies on how Gibrel acta to give tbe apparent 

increases in plate counts, cl'op yields and total nitrogen 

fixed and why they are not proportional are underway. 
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