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I. In troduct ion .  
A detailed s tudy and identification of various parasitic and saprophytic  

fusaria found in soil and on plants in the  tropical Caribbean region has been 
made (2) (4). No investigation on the relative number  and distr ibution of these 
fusaria as they occurred in tropical soil types had been made up to the  t ime 
of the  present  study. An understanding of this relationship is impor tan t  in the 
s tudy of soil or supposed soil fusaria tha t  are the cause of wilts and  rots or 
decays. The parasitic nature of some of the types discussed in tile present  
paper has been established by investigations in various par ts  of tile world. - -  
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As poin ted  out  by  WAXS~AN (7), i t  is i m p o r t a n t  in a s tudy  of the  var ious soil 
fusaria, f rom a s t andpo in t  of disease product ion,  to  know w h a t  fungi are t rue  
soil organisms and  wha t  fungi are merely occasional invaders .  I t  is also im- 
port.ant to know whe the r  they  are l imi ted to cer ta in  areas or are wide spread 
and  whe the r  the  types  present  in one soil are also common in o ther  soils or are 
of local character .  Cer ta in  bacter ia  have  been found to be more a b u n d a n t  in  
a lkal ine  soils t h a n  in acid soils. This  and  o ther  relat ionships have  been deter- 
mined for bac te r ia  and  some fungi (10). I t  is to be presumed t h a t  soil fungi  
m a y  also be inf luenced by  the  type  of soil, composi t ion of soil, climate,  presence 
of host  for known pathogens  and  possibly o ther  factors  t h a t  might  have  a 
bear ing  on  the i r  abundance  and  dis t r ibut ion.  

WAXSMA-W (8) (9) (10), and  WAKS31A~r and  STA~XEY (11) have  summar ized  
da t a  on the  re la t ion of soil env i ronment  to p lan t  infect ion and  fungus growth.  
The  factors  t h a t  t hey  cite as mos t  i m p o r t a n t  f rom a n  infect ion s t andpo in t  are  
t empera tu re ,  moisture,  react ion,  a n d  composit ion.  WAXS~IA~ (10) s ta tes  t h a t  
"These  soil env i ronmenta l  factors  m ay  de te rmine  not  only the  geographical  
d is t r ibut ion  of the  disease, bu t  also i ts  seasonal  sever i ty" .  WAKSMAS and  STA~- 
r:EY (1 1) fu r the r  point  ou t  t h a t  the  soil is ve ry  complex where  chemical,  physical,  
and  biological factors  are active.  A ny  influence which tends  to d i s turb  th is  
a d j u s t m e n t  in the  soil condi t ion al ters  these processes. A change in soil react ion,  
addi t ion  of inorganic fertilizers, in t roduc t ion  of organic substances,  change of 
t empera ture ,  moisture,  pressure, and  air  movements  may  affect  the  numbers  
and  act ivi t ies  of microorganisms in the  soil. The  composi t ion of the  soil microbial  
popula t ion  is, therefore,  a r esu l t an t  of numerous  factors. RUSSELL (5) indica ted  
t h a t  the  type  of soil and  i ts  t r e a t m e n t  exercised a grea t  influence over  the  
n u m b e r  of fungi present .  - -  A discussion of the  l i te ra ture  on the  occurrence 
and  act ivi t ies  of the  soil fungi  in the  t empera te  zone has  been fully covered by  
o ther  invest igators  (6) (7) (10) (11). I n  so far  as the  wri ters  have  been able to  
ascer ta in  no deta i led  invest igat ions  have  been  made  on  the  n u m b e r  a n d  distri-  
bu t ion  of fusar ia  in different  t ropical  soil types.  

The  objec t  of the  present  inves t iga t ion  was to de te rmine  the  re la t ive  n u m b e r  
and  d is t r ibut ion  of parasi t ic  and  saprophyt ic  fusaria  in var ious  soil typcs  in  
Hondura s  and  Gua temala  in order to ascer ta in  whe the r  these fusaria  va r ied  
according to the  different  soil types  and  climatic condit ions;  and  to de termine  
which of the  fusaria  were t rue  soil organisms and  which were merely soil invaders .  
- -  The studies were conducted,  along wi th  re la ted  invest igat ions,  f rom Decembcr ,  
1930 to l~ovember,  1932 in the  Tela, Honduras ,  and  in the  San  Jose  (Los Angeles) 
and  Tiquisate  West  Coast of Gua temala  regions of Central  America.  

I I .  M a t e r i a l s  a n d  M e t h o d s .  

1. D e s c r i p t i o n  a n d  C l a s s i f i c a t i o n  o f  A r e a s  S a m p l e d  I. 

G e n e r a l  d e s c r i p t i o n s  a n d  l o c a t i o n s  of t h e  f i f t e e n  a r e a s  c o m p r i s i n g  

t h i s  r e p o r t  a r e  as  fo l l ows :  

1. Guaymas ~Peat. T h i s  is a soil  of m a r s h  f o r m a t i o n  o c c u r r i n g  n e a r  

P r o g r e s o ,  H o n d u r a s ,  w i t h  s u c c e s s i v e  l a y e r s  of p e a t  a n d  c l ay ,  t h e  t o p  

l a y e r  of p e a t  b e i n g  f r o m  0 t o  3 ''2 i n  d e p t h .  A h e a v y  c l a y  o c c u r s  f r o m  

1 The wri ters  are indebted  to W. W. PATE, (~. W. VOLK, and  M. H. GAL- 
LATIN, soil chemists  of the  U n i t e d  F ru i t  Company  a t  Tela, Honduras ,  for the  
descript ions and  analyses of soils here in  reported.  

2 ,, = inches. 
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3" to 7", the mechanical analysis showing it to be composed of 10% sand, 
5% silt, and 85% clay. From 7" to 8" the peat again occurs, and from 
8" to 18" is another layer of clay analyzing 37% sand, 25% silt, and 
38% e]ay. From 18" to 21" occurs a very fine sand containing 82% sand, 
7% silt, and 11% clay, while from 21" to 40" is a sandy clay com- 
posed of 51% sand, 17% silt, and 32% clay. The average for the p~ was 
4.2, the range being from 3.8 to 4.5. Two areas were sampled on this 
soil type. Drainage here is poor, the water table on one area being at 
18", but none being found on the other down to 36". 

2. Guaymas Very _Fine Sandy Loam. This is a soil from Lancetilla 
valley near Tela, Honduras, and is typical of valley formations which 
are derived from outwash and alluvial material. The soil from 0 to 9'" 
is a very fine sandy loam averaging about pn 5.8 and containing 68% 
sand, 14% silt, and 18% clay. From 9" to 15" the soil is a very fine 
sand composed of 88% sand, 6% silt, and 6% clay. The soil at the time 
of sampling was moist, but no water table was noticeable within 48". 

3. Guaymas Clay--34%. This is a soil taken from San Alejo Valley 
near Tela, Honduras, and is composed of a mixture of outwash material 
from the nearby hills and alluvial material deposited by short, small 
creeks. I t  is a very young soil, as shown by the presence of mica and 
other non-decomposed rock material. From 0 to 14" the soil is composed 
on an average of 46% sand, 20% silt, and 34% clay, while from 14" to 27" 
it is a fine sandy loam averaging 79%, 8%, and 13% respectively of sand, 
silt, and clay. The pri of this soil ranges from 5.0 to 5.5. At the time 
of sampling, the surface was quite wet due to recent rains, and the sub- 
soil was moist, the water table being at 50". 

4. Guaymas Clay 41%. Two areas were sampled on this soil type, 
these two being about 600 feet from the Guaymas light clay and of 
the same derivation, but of heavier texture. From 0 to 16" the soil 
is a clay composed on an average of 30% sand, 29% silt, and 41% clay. 
From 16" to 40" the soil is heavier, the average analysis being 38% sand, 
20% silt, and 42% clay. The soil at the surface averages p~ 5.2. At the 
time of sampling, the water table in the first area sampled was at about 
22" due to recent heavy rains, the soil samples, even on the surface, 
being quite moist. At the time the second area was sampled, however, 
no water table was noticeable down to 30", but the soil samples were 
moist. 

5. Quebrada Seca Clay--37%. This soil is found near Progreso, 
Honduras, and is a mixture of outwash material from the Mico Quemado 
Mountains and alluvial deposit from the Uhla River. From 0 to 7" the 
soil, on an average, is composed of 43% sand, 20% silt, and 37% clay, 
while from 7" to 15" the soil is a sandy clay composed on an average 
of 50%, 11%, and 39% respectively of sand, silt, and clay. Again at 15" 
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to 21" clay occurs, composed of 46% sand, 12% silt, and 42% clay, 
while from 21" to 40" a sandy clay is found which is made of 60% sand, 
8% silt, and 32% clay. The pH of the surface soil averages about pu 7.2. 
At the t ime of sampling, the surface soil was friable and dry, but the 
subsoil was dry  and hard. 

6. Quebrada Seca Fine Sand. This area was taken about 250 feet 
from the Quebrada Seca clay and is of the same origin and received the 

_Fig. l .  Area  measu red  prior  to t ak ing  tweuty- f ive  surface  samples .  

same cultural  t rea tment  as tha t  area. From 0 to  15" the soil is a fine 
sand made up of 85% sand, 5% silt, and 10% clay, while from 15" to 
40" the soil is composed of 65% sand, 10% silt, and 25% clay. The p~ 
for the surface soil averaged p~ 6.9. At  the t ime of sampling, the soil 
was d ry  and compact  with a water table at  36". 

7. Progreso Sandy Clay Loam. This area is near Rancheria,  Hon- 
duras, and is a soil of alluvial deposit of the Ulua River  which has 
been brought down from the semi-arid interior. There were three areas 
sampled here, two of them being adjacent  to each other, and the th i rd  
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about  one mile away. The average texture  is 54~ sand, 23% silt, and 
23% clay for the soil f rom 0 to  8", with an average texture  of 45% saml, 
22% silt, and 33% clay for the soil between 8" and I{V', while the soil 
between 16" and 40"  is composed of 39% sand, 28% silt, and 3S% clay. 
The average pH for these soils was 7.8. At  the t ime of sampling, the 
soils were moist, but  there was no water table down to  40".  

8. Progreso Clay--33%. This is also an alluvial soil found near 

Fig. 2. Technique used in taking depth samples down to twenty-four inches. 

Raneheria,  Honduras ,  and deposited by the Ulu~ River.  F r o m  0 to 10" 
the soil is composed of 40% sand, 27% silt, and 33% clay. F r o m  10" 
to 24" the  soil contained 34% sand, 29% silt, and 37% clay. The ps  for 
the surface soil was 7.7. At  the t ime of sampling, the  soil was moist,  
but no water  table was noticeable down to  40".  

9. Progreso ClayS6%.  This soil, of which three sampled areas 
comprise a group, is found near Rancheria ,  Honduras ,  and was deposited 
by the Ulua  River.  F rom 0 to 17" the soil averaged 22% sand, 32% silt, 
and 46% clay, while the texture  is 23% sand, 30% silt, and 47% (:lay 
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for the layer of soil between 17" and 42". The average pH for these 
areas is p~ 7.7. At the time of sampling one area (Progreso C l a y S 6 % ,  b), 
only the surface samples were taken due to the high water table; at the 
time the depth samples of this area and Progreso Clay--46%, e, were 
taken, the soil was in a moist condition with a water table at 36". 

10. Los Angeles Clay--39%. Fallowed Area. This soil is of alluvial 
deposit from the Rio Guacalate, the sample being taken near San Jose 
(Los Angeles), Guatemala. From 0 to 12" the soil is composed of 47% 
sand, 14% silt, and 39% clay, while from ]2"  to 15" it is composed of 
60% sand, 14% silt, and 26% clay. The soil between 15" and 23" is 
composed of 69% sand, 13% silt, and 18% clay. I t  will be noted here 
that  the surface soil, although classed as a clay, has a very high per 
cent of sand. The p~ for this soil is 6.4. In  1929 the area was cleared 
of all vegetation and had been kept in a fallowed condition up to the 
date of sampling, at which time the soil was moist and in good condition. 

11. Los Angeles Clay--39%. This urea was taken about 200 feet from 
the above sample. From 0 to 14" the soil is composed of 48% sand, 
13% silt, and 39% clay, while from 14" to 20" the soil is composed of 
70% sand, ]1% silt, and 19% clay; between 20" and 32" it is composed 
of 82% sand, 8% silt, and 10% clay. The pH for the surface soil was 6.6. 
At the time of sampling, the surface soil was dry and hard, while the 
subsoil was dry, but loose. The area was in direct contrast to the fallowed 
area as regards moisture, in tha t  it was dry while the other was moist. 

12. Los Angeles Clay 41%. This soil is also an alluvial deposit of 
the Rio Guacalate and is about one-half of a mile from the above two 
areas. The surface soil analyzed around 41% clay The pn of the soil 
surface was 6.7. No water table  was noticed down to 30". 

13. Tiquisate Sandy Clay. This soil is a black, light type of volcanic 
origin and was taken near La 5[aquina, Guatemala. From 0 to 12': the 
soil is composed of 53% sand, 15% silt, and 32% clay, while from 12" 
to 24" the analysis showed 59% sand, 6% silt, and 35% clay to be present. 
The pn was approximately 7.2. At the time of sampling, the soil was 
moist, but no water table was found down to 36". 

14. Tiquisate Sandy Clay Loam. This is a black, loose, light soil of 
volcanic origin. The sample was taken at Tiquisate, Guatemala. From 
0 to 16" the soil is composed of 63% sand, 12% silt, and 25% clay; from 
16" to 26" the soil is composed of 79% sand, 8% silt, and 13% clay. 
The p~ of this soil was 7.3. The soil was moist, but no water table could 
be determined down to 40". 

15. Nagualate Very _Fine Sandy Loam. This is an alluvial soil oc- 
curring three kilometers from the beach at Concepcion del Mar, Guate- 
mala, being deposited mostly by the :Nagualate 1River and by the Madre 
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Viejo River .  The  sur face  soil of th is  a r ea  is a v e r y  fine s a n d y  loam.  
Two areas  were s ampled  in the  soil t ype ,  the  average  pK of t he  two  
being 7.8. A t  t he  t ime  of sampling,  the  soil of bo th  areas  was d r y  and  
powdery.  These  two  areas,  as well as the  o the r  a reas  s ampled  in  Guate-  
mala,  r ep resen t  a semi-a r id  t y p e  of l a n d  wi th  a long d r y  season. 

Al l  soil t y p e s  s ampled  were in  a reas  wi th  wi l t  d iseased  ba na na s  
exept  the  fo l lowing:  Los Angeles  C l a y - - 3 9 % ,  F a l l o w e d  Area ;  T iqu i sa te  
Sandy  Clay  L o a m ;  areas  " a "  and  " b "  in  I~aguala te  Ve ry  F ine  S a n d y  
Loam;  and  a rea  " c "  in  Progreso  C l a y - - 4 6 % .  The  Los Angeles  C l a y - - 3 9 % ,  
Fa l lowed  Area ,  h a d  been in  d iseased  bananas  a p p r o x i m a t e l y  one year.  
before sampl ing .  The  T iqu i sa te  S a n d y  Clay  L o a m  area,  a r ea  " a "  in  
:Nagualate  Ve ry  F i n e  S a n d y  L o a m  and  a rea  " c "  in  Progreso  C l a y - 4 6 %  
were in  h e a l t h y  b a n a n a  p lan t ings .  Area  " b "  in  l~agua la te  Very  F ine  
Sandy  L o a m  was in  a l oca t ion  v i rg in  to  b a n a n a  cul ture .  

2. Chemical  A n a l y s e s  of  Soils.  

Tab le  1 gives a genera l  chemica l  ana lys i s  of t he  va r ious  soils used in 
t h e  inves t iga t ion .  

Table 1. C h e m i c a l  A n a l y s e s  of Soils .  

Soil Type 
P~t Value Organic 
Guinhy- Matter 
drone Per cent 

Honduras Samples 
4.2 
5.8 
5.3 
5.2 
7.2 
6.9 
7.7 

7.5--7.8 
7.7--7.9 

Guaymas Peat  . . . . . . . . . .  
Guaymas Very Fine Sandy Loam. 
Guaymas Clay--34% . . . . . . .  
Guaymas Clay---41% . . . . . . .  
Quebrada Seca Clay--37% . . . .  
Qucbrada Seca Fine Sand . . . .  
Progreso Clay--33% . . . . . . .  
Progreso Clay--46% . . . . . . .  
Progreso Sandy Clay Loam . . . .  

53.70 
2.22 
2.99 
1.62 
4.24 

.60 
1.84 
3.os 
2.Ol 

Guatemala West Coast SamTles 
Los Angeles Clay--39% Fallowed Area 6.4 I 3.42 
Los Angeles Clay--39% . . . . . .  6.6 I 3.73 
Los Angeles Clay--41% . . . . . .  6.7 
Tiquisate Sandy Clay . . . . . .  7.37"2 . 12.80 
Tiquisate Sandy Clay Loam . . . 8.57 
Nagualate Very Fine Sandy Loam 7.5--8.0 - -  

3. Meteoro log ica l  Data .  

Loss on Total Salts 
Ignition 
Per cent P" p" m. 

57.00 380 
5.06 120 
8.42 74 
8.06 74 
8.71 575 
3.59 197 
6.33 535 
9.87 576 
6.90 522 

8.09 1062 
9.07 480 

18.18 620 
11.07 232 

The meteoro logica l  d a t a  for  t h e  Progreso,  Guaymas ,  Los  Angeles ,  
and  Tiquisa te  soil t y p e  regions are  g iven  in  Tables  2, 3, and  4. The  
s a m e  meteorologica l  condi t ion  exis ts  for  t he  :Nagualate  s0il t y p e  a rea  
as t ha t  g iven for  t he  Los  Angeles  soil t y p e  area.  
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Table 2. R a i n f a l l - - S a n  A l e j o  V a l l e y ,  H o n d u r a s .  

1931 Inches 
January  . . . . . . . . . . . .  22.25 
February  . . . . . . . . . . .  5.78 
March . . . . . . . . . . . .  7.70 
April  . . . . . . . . . . . . .  14.40 
May . . . . . . . . . . . . . .  6.90 
June  . . . . . . . . . . . . .  2.55 
Ju ly  . . . . . . . . . . . . .  10.98 
August  . . . . . . . . . . . .  12.91 
September . . . . . . . . . . .  6.85 
October . . . . . . . . . . . . .  26.29 
November  . . . . . . . . . . .  11.67 
December . . . . . . . . . . .  4.01 

TotaI  132.29 

Table 3. M e t e o r o l o g i c a l  R e c o r d - -  P r o g r e s o ,  H o n d u r a s .  

Maximum Minimum Mean Rel. Total 
Month Temperature Temperature Humidity i~ainfall 

1931 
January  . . . . . . .  
February  . . . . . .  
1V[areh . . . . . . .  
April  . . . . . . .  
~ a y  . . . . . . . .  
June  . . . . . . . .  
Ju ly  . . . . . . . .  
August . . . . . . .  
September . . . . .  
October . . . . . .  
l~ovember . . . . .  
December . . . . .  

88 
92 

101 
94 
96 
95 
94 
98 
94 
90 
90 
94 

54 
53 
56 
60 
68 
70 
72 
70 
68 
69 
65 
64 

68 
64 
68 
73 
70 
71 
71 
74 
72 
69 
69 
73 

~nches 
5.50 
1.63 
4.31 
2.24 
2.22 
5.29 

11.29 
5.73 
3.34 

14.42 
3.56 
2.27 

Tota l  62.30 
4. Me thod  of  Sampl ing .  

Al l  of t h e  H o n d u r a s  s amples  c o l l e c t e d  fo r  f u n g o u s  i so l a t i ons  were  

p u t  in  s t e r i l e  p a p e r  enve lopes .  These  w e r e  m a d e  b y  fo ld ing  shee t s  f r o m  

obso l e t e  f o r m s  i n t o  enve lopes ,  or  b y  us ing  I~o. 1 p a p e r  sacks ,  a n d  s te r i -  
l i z ing  t h e m .  T h e  samples  c o l l e c t e d  on t h e  G u a t e m a l a  W e s t  Coas t  w e r e  
t a k e n  in  s t e r i l i z ed  t e s t  tubes .  S u r f a c e  s amp le s  were  co l l ec t ed  b y  care-  
f u l l y  r e m o v i n g  al l  l a rge  p o r t i o n s  of d e a d  p l a n t  m a t e r i a l  f r o m  t h e  a r e a  

se lec ted .  Th is  i n c l u d e d  d e a d  b a n a n a  cepas ,  b a n a n a  l eaves ,  s t i cks ,  a n d  

if  g rass  o r  weeds  were  p re sen t  t h e y  were  p u l l e d  off  c lose t o  t h e  g r o u n d ,  

t h e  roo t s  be ing  l e f t  i n t a c t .  T h e n  a s q u a r e  c o n t a i n i n g  one  h u n d r e d  s q u a r e  

f ee t  was  l a i d  o u t  a n d  s u b d i v i d e d  i n t o  t w e n t y - f i v e  squares ,  e a c h  con-  

t a i n i n g  f o u r  s q u a r e  fee t ,  as r e p r e s e n t e d  in  P l a t e  I .  E a c h  one  of t h e s e  

b locks  was  s a m p l e d  i n  t h e  fo l l owing  m a n n e r :  F r o m  n ine  to  t w e l v e  spo t s  
w i t h i n  e a c h  squa re -  or  w h e r e v e r  poss ib le  s c r a p i n g s  of t h e  en t i r e  su r face-  
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Tab]e4 .  : M e t e o r o l o g i c a l  R e c o r d - - G u a t e m a l a  W e s t  C o a s t .  

Month 

1931 
J a n u a r y  . . . .  
Feb rua ry  . . . 
March . . . . .  
A p r i l  . . . . .  

May . . . . . .  
J une  . . . . . .  
J u ly  . . . . . .  
August  . . . . .  
Sep tember  . . . 
October . . . .  
November  . . . 
December  . . . 

31 

Maximum ~Iinimum Mean Mean Rel. 
Temperature Temperature Temperature Humidity 

San Jose ( Los Angeles), Guatemala 
88 

105 
95 

100 
97 
93 
89 
87 
85 
93 
91 
76 

61 75.5 
52 80.0 
58 76.0 
59 79.0 
70 82.5 
71 78.1 
70 78.0 
67 77.0 
70 75.9 
68 81.0 
57 74.0 
59 67.0 

75.9 
73.0 
75.0 
82.0 
73.3 
78.1 
78.0 
79.0 
80.4 
80.5 
84.0 
83.0 

Total 
Rainfall 

Inches 

4.93 
14.17 
12.69 

5.53 
25.00 

6.69 
.52 

2.12 

J a n u a r y  . . . .  

Februa ry  . . . .  
March . . . . .  
April  . . . . .  
May . . . . . .  
J une  . . . . . .  
Ju ly  . . . . . .  
August  . . . . .  
September  . . . 
October . . . .  
November  . . . 
December . . . 

90 
101 
100 
101 
100 

98 
95 
96 
94 
92 

92 

Tiquisate, Guatemala 
56 
49 79.0 
59 80.0 
63 84.0 
66 83.0 
68 61.0 
69 8O.O 
67 81.0 
66 80.0 
67 80.0 

59 76.0 

Tota l  

69.0 
49.0 
64.0 
69.0 
76.0 
80.0 
83.0 
80.6 
81.0 
83.0 

73.0 

71.65 

2.07 
20.30 
20.07 
20.13 
13.28 
25.77 
18.40 

1.13 
2.79 

Tota l  123.94 

were  s a m p l e d  w i t h  a s t e r i l i z e d  s p o o n ,  a s m a l l  b u t  r e p r e s e n t a t i v e  s a m p l e  

b e i n g  t a k e n  t o  one  pi le .  T h i s  p i l e  w a s  t h e n  m i x e d  a n d  t h e  p a p e r  e n v e l o p e  

f i l led.  T h e  s u r f a c e  s a m p l e s  w e r e  t a k e n  t o  i n c l u d e  t h e  f i r s t  o n e - h a l f  t o  
one  i n c h .  

T h e  v e r t i c a l  o r  d e p t h  s a m p l e s  w e r e  t a k e n  b y  f i r s t  d i g g i n g  a h o l e  

a p p r o x i m a t e l y  t w o  a n d  o n e - h a l f  f e e t  l o n g ,  t w o  f e e t  w i d e ,  a n d  t w o  a n d  

o n e - h a l f  f e e t  deep .  T h e  h o l e  w as  d u g  so  t h a t  i t s  l e n g t h  w a s  a t  r i g h t  

ang les  t o  t h e  d i r e c t i o n  i n  w h i c h  t h e  s a m p l i n g  w a s  d e s i r e d .  A n o n -  

c o n t a m i n a t e d  f a c e  of d i r t  w a s  o b t a i n e d  b y  s t a r t i n g  a t  t h e  t o p  a n d  c u t t i n g  

t h e  d i r t  a w a y  i n  s h o r t  s e c t i o n s ,  a l l o ~ i n g  i t  t o  f a l l  t o  t h e  b o t t o m .  A 

s t e r i l i zed  s p a t u l a ,  w i t h  t h e  h a n d l e  b e n t  a b o u t  t w e n t y - f i v e  deg rees ,  a n d  

w i t h  t h e  edges  s h a r p e n e d ,  w a s  u s e d  t o  c u t  a w a y  t h e  s e c t i o n s  of d i r t  

w h i c h  we re  a b o u t  t w o  i n c h e s  d e e p  a n d  o n e  i n c h  t h i c k .  T h e  s p a t u l a  w a s  

r e - s t e r i l i z e d  a n d  t h e  o p e r a t i o n  c o n t i n u e d  u n t i l  t h e  b o t t o m  of t h e  t r e n c h  

h a d  b e e n  r e a c h e d .  A t  a b o u t  t w o - t h i r d s  of  t h e  w a y  d o w n  t h e  c u t ,  t h e  
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dirt that  had collected at the base of the cut was pulled to the back so 
as to facilitate the work at the bot tom of the t rench.  No at tempt was 
made to sterilize the surface, the method being to remove the face from 
the top down in short sections and then to sample from the bottom 
upwards. A measuring stick was next placed in the hole (Plate II .)  and 
small safety matches were pushed in the dirt opposite the inches from 
which a sample was desired. Three lines of matches, one on each side 
and one in the middle, were used. A sample was taken up to about an 
inch from the match so that  there was no chance of contamination. 
All sampling was done by starting at the lowest depth from which a 
sample was desired and moving toward the top. I n  this way falling dirt 
caused no trouble. There was a slight overlap where samples were taken 
at consecutive inches, this condition mostly occurring from the inch 
above the one being sampled. No samples were taken below twenty-four 
inches. Three or four vertical samples were taken in each one hundred 
square feet. One of these was sampled at every inch to twenty-four and 
the other three were sampled at every inch to fifteen and then at the 
eighteenth, twenty-first, and twenty-fourth inch depths. 

5. ~Icthod of Plat ing.  

Throughout the work the dilution method was used on the basis of 
.02, .004, and .002 grams of soil per cubic centimeter, giving a dilution 
of 1/50, 1/250, and 1/500. The method used was to weigh a two gram 
sample on a sterile aluminum balance pan and then transfer it to a one 
hundred cubic centimeter sterile water blank containing about ~ tea- 
spoonful of glass beads. Sterilization of the pans was effeeted by dipping 
them in denatured alcohol and then igniting. Two balance pans were 
used so that  one cooled while the other one was in use, the one cooling 
being kept in a sterile beaker which was lying on its side. 

In  making the dilutions, the bottle containing the 1/50 dilution was 
quickly agitated by hand after being shaken for fifteen minutes in a 
mechanical shaker, and then twenty cubic centimeters of the solution 
were drawn off into eighty cubic centimeters of sterile water to give a 
dilution of 1/250. To obtain the dilution of 1/500, ten cubic centimeters 
of the 1/50 solution were drawn off into ninety cubic centimeters  of 
sterile water. Dilutions of samples from the Guaymas Very Fine Sandy 
Loam and Progreso Clay--46%, areas a and b, were run in duplicate, 
one cubic centimeter of the dilution being transferred to each plate. 
Subsequent areas were plated in the following manner : One cubic centi- 
meter of suspension at the dilution used was plated in four plates, 
approximately .25 of a cubic centimeter being placed in each dish. By 
pouring four plates the fungi were actually grown at a greater dilution than 
stated, but  the count was not changed. A total of the fusaria in the four 
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plates times the dilution gave the count per gram. These series were not 
run in duplicate. Plates were kept  at room temperature  for three to four 
days and then examined and all fusaria were isolated and purified for 
identification. The numbers of fungi determined in all soil types were 
calculated on the basis of the moist soils with a moisture content ranging 
from 10% to 30%. 

6. 1)Iedia Used. 
The media used in the investigation was ordinary acidified potato  

dextrose agar made according to the following formula:  Peeled, s l iced  
potatoes (old) 200 gins., Dextrose 15 gins., Agar Agar 25 gins., Tap  
water 1000 cc. 

The potatoes were peeled, sliced fairly thin, and then brought to a 
boil in the fnU amount of water  required. Boiling was continued until 
the slices of potatoes were soft. The liquid was then strained through 
cotton cloth and placed in Erlenmeyer flasks in liter lots and sterilized. 
To inhibit bacteria a 25 % solution of lactic acid was used, one drop 
being placed in each dilution plate and in the agar plates at  the t ime 
the fusaria were being freed from contaminations. 

I I L  Investigations and Resul t s .  

1. Fnsar ia  isolated. 
In  conducting the soil isolations, according to the method described 

above, all fusaria tha t  grew in the plates were transferred to tubes in 
order to obtain counts and final determinations. Table 5 gives the 
systematic arrangements of the twenty-four different fusaria tha t  were 
isolated from the areas sampled. 

The identifications of the organisms were made in Tela, Honduras.  
Type cultures, however, were verified by  the senior author by com- 
parison and s tudy with cultures in the mycological laboratories of the 
Biologisehen Reiehsanstalt,  Berlin-Dahlem, Germany. The writers are 
indebted to Dr. O. A r P ~ ,  Director of the Station, and to Dr. H. W. 
WOLLE~WEBER for providing facilities and for valuable assistance in 
these studies. The systematic arrangement  and nomenclature of the 
Fusarium types listed is according to the revised classification by  WOL- 
LENW~BER (14). Earlier investigations were found helpful in these classi- 
fication studies (1) (4) (12) (13 ) . - -No  description of the various organisms 
are given in the present report,  as the major i ty  of these have been fully 
described from the Tropics in former papers (2) (4). 

Table 6 gives the areas, according to the fifteen different soil condi- 
tions, from which the various fusaria were isolated. Of the fifteen soil 
conditions, fourteen were representative of different soil types. Looking 
over Table 6 it is evident tha t  certain fusaria are commonly found in 

Z. f. Parasi tenkunde Bd. 6. 3 
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Table 5. S y s t e m a t i c  a r r a n g e m e n t  of F u s a r i a  i so l a t ed .  

Fusar ium.  
I. Eupionnotes 

Chlamydospora 
Fusarium dimerum 

I I I .  Spicarioides 
_~asarium decemcellulare 

VII. Sporotriehiella 
Fusarium chlamydosporum 

IX. Arthrosporiella 
Fusarium semitectum 
l~usarium camptoceras 
Fasarium diversisporum 

X. Gibbosum 
l~usarium equlsetl var. bullalum 
Fusarium scirpi 
Fusarium scirpi var. caudatum 

XIII .  Liseola 
Fusarium monili[orme 
Fusarium monili/orme vat. maius 

XIV. Elegans 
Orthocera 

Fusarium orthoceras 
Fusarium orthoceras var. triseptatum 

Constrietum 
Fusarium bulbigeuum 

Oxysperum 
tZus~rium oxysp•rum 
I~usarium oxysporum ]. 3. 
�9 "usarium oxysporum f. 5. 
Fusarium oxysporum v. aurantiacum. 
Fusarium vasin]ectum v. lutulatum. 

XV. Martiella 
Fusarium solani var. minus 
Fusarium solani var. martii f. 1. 
Fusarium solani vat. eumartii 
Fusarium javanicum var. theobromae 

( Hypomyces ipomoeae ) 
Fusarium javanicum vat. ensl]orme 

all soils tested, while others are found only  in  cer ta in  soils. One would 
infer f rom this  t ha t  there  are d is t inc t  soil fusar ia  while others are mere ly  
soil invaders  of scat tered occurrance under  the  local condit ions in  the  
areas f rom which isolations have been made.  The organisms t h a t  were 
genera l ly  found  to be present  in  all or pract ica l ly  all surface soils s tudied 
were the  following: F .  dimerum, F.  equiseti vat .  bullatum, F.  monili- 
/orme, F.  bulbigenum, F.  oxysporum f. 3, t~. oxysporum f. 5, E. solani 
var.  martii f. 1, and  $'. ]avanicum var.  theobromae (Hypomyces ipo- 
moeae). F .  oxysporum f. 3 was found only  in  the soil about  diseased 
bananas .  The following organisms were found to be mere  commonly  
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present in the depth soil isolations as compared to the surface : _P. solani 
var.  minus and F. solani var. eumartii. These organisms are more fully 
discussed under the number  of fusaria in the soil. 

2. Re la t ive  Number and Distr ibution of Fusaria in Typ e Soils Invest igated .  

a) Sur/ace Soil Isolations. 
Table 7 gives the number  of the different fusaria per gram of soil 

isolated from the surface soil of fourteen different soil types. A s tudy 
of Table 7 shows tha t  the number  per gram of soil of the different 
organisms varies. Certain of the fungi are present in practically every 
soil f rom which isolations were made, while other fusaria were found to 
be present only in some soil types. The following fusaria, grouped ac- 
cording to their respective sections, were isolated: 

I. Eupionnotes. Fusarium dimevum in the Eupionnotes group was 
ra ther  common in almost all of the soils. The counts ranged, in the 
various soil types, f rom 10 to 890 organisms per gram of soil. I t  also 
was found to be present down to a depth of 15" in certain of the soil 
types. Due to the wide distribution of this fungus we have regarded 
it, for the present and until a definite host is established, as a distinct 
soil organism. Former  isolations made of the organism were from soil 
and decaying banana pseudostem (4). 

I I .  Spicarioides. The one fungus from this section, Fusarium de- 
cemcellulare, was isolated only in the surface of one soil type,  and in 
the subsoil of another type. The fact  tha t  this organism was isolated 
in only two soil types and then in small numbers of 10 to the gram 
of soil would indicate tha t  it was not a true soil organism, but  merely 
an occasional invader. Former  isolations in the Caribbean region were 
from cacao twigs (4). 

VI I .  Sporotrichiella. The one organism in this section tha t  was 
isolated, .Fusarium chlamydosporum, was present in only four of the soil 
type areas and then varied in numbers, according to soil type,  from 10 
to 80 to the gram of soil. This organism, while not extremely scarce, 
cannot be regarded as a distinct soil ~uaarium due to its absence in 
most of the soil types. I t  may  be a saprophyte  or a faeultat ive sapro- 
phyte  growing on the decaying organic matter ,  or occasionally on living 
par ts  of some host plant,  and is merely a soil invader. Former  isolations 
(4) from the Caribbean regions were from banana pseudostem, the air 
and soil. 

IX .  Arthrosporiella. Three organisms in this section were isolated 
from a few of the soil types, t'usarium semitectum was more commonly 
isolated, but it was found only in five out of the fourteen soil types. 
Fusarium camptoceras and Fusarium diversisTorum were isolated from 
only one soil type each, and the la t ter  fungus only f rom depth isolations. 
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Because of the scarcity of these organisms in the surface and depth soil 
types we have placed them in the class of soil invaders. Former  studies 
(4) indicated tha t  2'. semitectum was primari ly present on dead par ts  of 
banana and other fruits, while 2". camptocera8 was present on rot ted 
fruit of banana and cacao and also in the soil. F. dlversisporum was only 
isolated from various parts  of the cacao plant.  

X. Gibbosum. Of the three fungi in this section tha t  were isolated 
from the soil, 2". equiseti var. bullatum was the most common one found. 
This fungus was present in all of the soil types, ranging in numbers, 
according to soil type,  from 20 to 470 per gram of soil. I t  was found 
in the depth soil isolations reaching to a depth of 24" in certain soil 
types. F. scirpi and 2". scirpi var. caudatum were isolated from two 
and one soil types respectively. I n  prior studies (4) 2". equiseti v a r . .  
bullatum was isolated from dead floral par ts  of the banana and from the 
soil. :Due to the wide distribution of 2". equiseti var. bullatum in the 
surface and depth soft, we have regarded it as a true soil 2"usarium. The 
low counts in the surface might indicate tha t  the organism lives best 
on decaying parts  of plants and is only a soil invader arising from these 
plant hosts. F rom the results obtained in our studies we have placed 
2". 8cirpi and 2". scirpi var. caudatum in the soil invader class. The 
latter organism was previously isolated from the soil in the Caribbean 
region (2)(4). 

X I I I .  Liseola. Two fusaria from section Liseola were isolated from 
the soil. ~'usarium maaili]orme was isolated from all fourteen soil types, 
twelve isolations being from the surface soil and two from the depth 
soil isolations. The fungus ranged, according to soil type,  from 10 to 
400 per gram of surface soil. 2". ~nonili/orme was found fairly commonly 
in the depth soil isolations, h~ving been present down to a depth of 
twelve inches. I n  prior isolations (4) it was found on dead plant  par ts  
and in the soil. 2". ~nonill]orme var.  malus was isolated f rom four soil 
types. In  former studies (4) it was isolated f rom dead par ts  of the 
banana. The isolation investigations from surface and depth soils indi- 
cate tha t  2". rnonili]orme is a real soil organism. Due to the var ie ty  of 
host plants this fungus has been isolated from (4), it might be determined 
later tha t  it is only a so ilinvader. The other 2"usarium in section Liseola 
has been classed merely as a soil invader. 

XIV. Elegans. The following eight fusaria included in section Elegans 
were isolated from various soil types:  2". orthoceras, 2". orthocera~ var. 
lriseptatum, 1~. bulbigenum, 2". oxysTorum , 2". oxysporum f. 3, 2". oxy- 
sporum f. 5, 2". oxysporum var. aurantiacum, and 2". vasin]ectum var. 
lutulatum. 2'. orthoceras and F. orthocera8 vat.  triseptatum were isolated 
from four and one different soil types respectively out of fourteen. F. 
bulbigenum was isolated from thir teen out of fourteen soil types. F: 
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T a b l e  7. A v e r a g e  n u m b e r  o f  f u s a r i a  

~ame of Organism Guaymas Peat 

a I ~o 

Guay- :_~niy:/~ Guaymas mas C 41% 
VFSL 

a a b 2 

Que- Que- 
brada brada 
~eea Seea 

C--37% ~S 
a a 

Pro-  
g r e s o  

C--33~ 

a 

F. d i m e r u m  

F. decemcel lu lare  

F. c h l a m y d o s p o r u m  

F. s e m i t e c t u m  

F. camptoceras  

F. d i v e r s i s p o r u m  

F. equise t i  v .  b u l l a t u m .  . . 

F. s c i rp i  

E. s c i rp i  v. c a u d a t u m  . . 

F. m o n i l i f o r m e  

F. m o n i l i f o r m e  v. m a i u s  . . 

F. orthoceras 

F. orthoceras v .  t r l s e p t a t u m  

F. b u l b i g e n u m  

F. o x y s p o r u m  

~. o x y s p o r u m  f. 3 

F. o x y s p o r u m  f. 5 

~'. o x y s p o r u m  v.  a u r a n t i a c u m  

F. v a s i n f e c t u m  v.  l u t u l a t u m  

F. so Ian i  v .  m i n u s  

F. 8o lan l  v .  m a r t i i  f.  1 . . 

F. eo lani  v. e u m a r t i i  . . . 

~. j a v a n i c u m  v.  theobromae 

( H y p o m y c e s  i p o m o e a e ) .  . 

~. j a v a n i c u m  v.  e n s i f o r m e  . 

20 300 

20 - -  

20 60 

6O 4O0 
20 

- -  20 

580 1180 
20 40 

62O 1020 

100 260 

340 

80 

4O 

2O 

6O 

2OO 
2O 

1120 

94 
840 

1320 
20 

2O 
1374 

180 

i 

I -  
i 40 

40 

100 

140 

640 
260 

40 

2 0  

1840 

320 

40 

60 - -  

20 - -  

80 - -  

100 - -  

120 110 

20 
80 48 

420 490 

20 - -  

1160 - -  

40 - -  

2 1 o l  - 

I 

! 

31o113o 

30 220 

60 20 

30 
280 750 
550 620 
- -  63 

- -  10 
6770 7190 

180 

1 0  

5 3 0  

3O 

8 O  

10 

m 

280 
80 
20 

7310 

10 

Date S a m p l e d  9/29/31 10/21/81 2i6/81 10112/31 10/16/31 12/9/31 12/2s/sl 12128/31 9/2]31 

D a t e  Plated . . . . . . .  io l l ls l  i0 t22[31,  219[31 10/13/31 I0/17[31 12110131 12130131[ lzf31131 915181 
1750 

D i l u t i o n  . . . . . . . . .  ]i500 Wsoo 1 / 5 0 0  1 /500  1/500 1/250 1/250 1{250 1{250 
1[5000 

oxysporum was i so la ted  f rom seven out  of four teen  soil types .  F. oxy- 
sporum f. 3 was i so la ted  f rom twe lve  out  of fou r t een  soil bypes, bu t  
on ly  in  those  soils abou t  d iseased b a n a n a  p lan t s .  _F; oxysporum f. 5 was 
isoIa ted  f rom t h i r t e e n  out  of four teen  soft types .  F. oxysporum var.  
aurantiacum was i so la ted  f rom e ight  out  of four t een  soil types .  2'. vas- 
in/ectum var .  lutulatum was i so la ted  f rom one out  of four t een  soil t y p e s  
and  th i s  i so la t ion  was f rom the  soil dep th .  I n  former  i so la t ions  (4) F .  
oxysporum and  F. Oxysporum f. 5 were i so la ted  f rom the  soil only,  while 
al l  of the  o the r  t y p e s  excep t  F .  vasin/ectum var.  lutulatum were i so la ted  

1 W e t  a n d  soggy.  ~ O n l y  fusa r i a  of  S ec t i on  E l e g a n s  i so la ted ,  a Fa l l e -  
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p e r  g r a m  of  s o i l  in s u r f a c e  s a m p l e s .  

39 

Ptogreso 
C---48% 

a b c 4 

190 120 830 

- -  1 0  - -  

90 218 300 
- -  - -  20 

80 I0 I0 

l0 - -  10 
- -  12 I0 

42 38 I0 

20 68 40 

94 26 - -  
22 234 50 

- -  3 4  - -  

220 - -  - -  

6260 2624 5640 

- -  I 0  - -  

10 40 

Progrcso 
SCL 

3/9/81 9118131 o/7/31 

811~la191191a1911o131 

1/250 1[50 1/250 

a b c z 

890 300 - -  

- -  l O  - -  

60 380 - -  

160 

60 20 - -  

20 30 20 - -  

160 50 30 - -  
10 90 90 - -  

17260 1 2 7 1 0 - -  

2OO 

Los Angeles s 

0--39% 

a b 

40 - -  

20 - -  

90 - -  

2 

120 - -  

Los 
Auge- 

los 
0--89% 

a 

10 

150 
2O 

20 
I0 

2 0  

4O 
2O 

9O 
2060 

10~ 

Los Tlqul- 
Ange- sate 

los 
C--41% SC 

220 40 
- -  1 0  

- -  10 

90 50 

- -  70 

10 4O 

- -  270 
10 220 

- -  20 

- -  I0 
16i0 1780 

10 - -  

811131 
717181 

a b z 

14170 - -  

Ttquisate ~ Nagualato 
SCL VFSL 

b 5 

20 - -  10 50 

- -  20 

40 - -  200 470 

40 - -  - -  - -  
20 - -  10 400 

- -  1 0  

20 

16 3O 1040 
20 

40 12 - -  
40 - -  - -  

8750 240 
20 

- -  10 10 

oi2/31 o11s/81 1212181 51aV~l 4121132 5/sial 4i~1182 
916131 9124/31 1218131 6/14[31 4/29]32 6[28[31 514132 

' 11250 ' 1/250 11250 1/~5o 1/25o 1 / 5 o  1/25o'1/25o z/5oo 1/5o 11250 

f r o m  t h e  soil a n d  a lso  f r o m  d e c a y i n g  b a n a n a  p a r t s  o r  d e c a y i n g  p a r t s  

o f  s o m e  o t h e r  p l a n t .  J u d g i n g  b y  o u r  i s o l a t i o n s  f r o m  t h e  s u r f a c e  a n d  

soi l  d e p t h ,  t h e  fo l l owing  fung i  h a v e  b e e n  r e g a r d e d ,  fo r  t h e  p r e s e n t ,  as  

soil i n v a d e r s :  F.  orthoceraz, F.  orthocera8 va r .  triseptatum, F. oxysporum, 
F.  oxysporum f. 3, a n d  zv. vazinlectum v a r .  lutulatum. F.  oxyaporum f. 3 
was  p l a c e d  in  t h i s  c lass  as  i t  c o u l d  be  i s o l a t e d  o n l y  f r o m  t h e  soil  a b o u t  

wi l t  d i s e a s e d  b a n a n a  p l a n t s .  

F.  bulbigenum, h a v i n g  b e e n  i s o l a t e d  r e a d i l y  f r o m  t h e  s u r f a c e  soil of 

t h i r t e e n  o u t  of f o u r t e e n  soil t y p e s  i n  n u m b e r s  r a n g i n g ,  in  d i f f e r e n t  soils, 

wed area. 4 Heal thy banana area. 5 Area virgin to banana culture. 

~13l~1 4117la2 4118132 411S/32 

7151al 41~o/32 512m ~1Sl82 

1/2~o 
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f rom 10 to 1120 per gram of soil, has been regarded, for the present 
and until a distinct host is found, as a real soil organism. The organism 
was also frequently found in the soil depth studies, being present in 
certain soil types down to thir teen inches. 

.F. oxysporum f. 3 was isolated from the soil of all soil types in which 
wilt diseased bananas were found. I t  was not isolated from the soil 
about heal thy bananas in areas free from disease, or in soils virgin to 
banana culture. Judging from the figures in Table 7, without knowing 
the conditions as to culture in these soils, one would infer tha t  the 
organism was a distinct soil fungus due to its presence in twelve out of 
fourteen soil types. The fact, however, tha t  this organism could only be 
isolated from the soil about diseased banana plants, and could not be 
isolated from the soil about  heal thy bananas, or in soils virgin to bananas 
would indicate tha t  it is merely a soil invader, being present in the soil 
about its diseased host plant and not found elsewhere in various soil types. 
I n  former isolations (2) (4) the organism was obtained from wilt diseased 
banana plants and from the soil about  diseased banana plants. 

F. oxysporum f. 5, having been isolated from almost all of the dif. 
ferent surface soil types and having been found in the soil depth down 
to twelve inches, in some of the soil types, has been regarded, for the 
present and until a distinct host is found, as a typical soil organism. 

F. oxysporum var.  aurantiacum having been isolated from eight out 
of the  fourteen soil types is classed as a soil organism. Due to  the low 
count of the organism in the various soils, it may  be tha t  it is only a 
soil invader. 

XV. Martiella. The following five fusaria in section Martiella were 
isolated from the soil during the investigation: /;. solani vat.  minus, 
1 w. solani var. martii f. 1, iv. solani var. eumartii, F. javanicum var. 
theobromae (ttypomyces ipomoeae) and F. javanieum vat'. ensi/orme. F. 
solanl var.  minus was isolated from seven out of fourteen of the soil 
types investigated, ~V. solani var. martii f. 1 from all fourteen, _~. solani 
var.  eumartii from seven out of fourteen, F. javanicum var. theobromas 
(Hypomyees ipomoeae) from eleven out of fourteen and F. javanieum var. 
ensi]orme f rom two out of fourteen. In  former isolations (4) F.  javanicum 
var. ensi/orme was isolated from decaying fruit  of wild fig (~Vicus sp.). 
The other of the MartieUas cited above were isolated from plant  par ts  
of various hosts and also in every case from the soil. 

~. javanicum var.  ensi/orme is regarded as a soil invader because 
of the infrequent isolations. 

Because the following organisms were found to be present in the 
depth soil isolations down to a depth of from nine to twenty-three 
inches, they  have been classed as soil fungi: ~.  solani var. minus and 
F. solani var. eumartii. These fungi were not present in the m a j o r i t y  
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of the various soil types, but because of their ability to grow in the 
soil depth down to from nine to twenty-three inches, we feel justified 
in classing them as soil fungi. 

.F. solani var. martii f. 1 is considered as a distinct soil organism, 
even though it has been found On various decaying host tissues (4). I t  
was found to be present in all types of surface soils from which isolations 
were made. Generally large numbers of from 120 to 17,260 per gram 
of soil were present in the various soil types. Depth soil isolations made 
from the fourteen soil types showed the organism to be present in each 
soil, ranging from a depth of one to twenty-four inches. In  most of the 
soils it was abundant  down to a depth of ten to fourteen inches with an 
average count of 13 to 8,750 per gram, depending on the soil type.  A t  
twenty-four inches it was found to be present in certain soils at  an 
average count ranging from 63 to 813 per gram of soft, depending on 
the soil type.  This _Fusarium is the most common soil ~usarium, being 
present in practically every soil sample analyzed from various localities 
of the Caribbean and Pacific Coast of Guatemala regions. 

.Fusarium ]avanicum var. theobromae (Hypomyces iTomoeae ) was iso- 
lated from eleven out of the fourteen soil types. I t  was present, according 
to soil type ,at a rate  of from l0 to 320 per gram of surface soil and 
was isolated down to a depth of fifteen inches in certain of the soil types. 
In  the depth soil isolations it was found at  the rate of 13 to 1688 per 
gram of soil. Isolations made of this organism during a prior investiga- 
t ion (4) showed it to be present on decaying plant  material  and in the 
soft. Because of its common occurrence in most  of the soil types in- 
vestigated, it has been regarded, for the present, as a distinct soil fungus. 
Fur ther  isolations from various hosts might show tha t  this organism is 
generally associated with certain host tissues and then may  have to be 
classed as a soil invader, or as an organism tha t  passes par t  of its life 
history in the soil. The depth soil isolations would indicate tha t  this is 
not the case. 

b) Number and Distribution o/ Some o/ the Common Soil Fusaria. 
Table 8 includes representatives of the more common fusaria tha t  

we have regarded as distinct soil organisms. ~'usarlum solani var. martii 
f. 1 was commonly found in all soil types investigated. Generally large 
numbers, varying according to the soil type,  of from 120 to 17,260 per 
gram of surface soil were present, and large numbers were found down 
to twenty-four inches. _Fusarium equiseti var. bullatum is the next  most 
common _Fusarium found in the soils investigated. I t  was present in 
the surface soil in numbers, depending on soil type,  of from 10 to 470 
per gram of soil, and was also rather  commonly found in the subsoil 
down to twenty-four inches, which would further  lead one to believe 
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Table 8. 

N a m e  of Organism 

F ,  d i m e r u m  . . . .  

F .  equiset i  v .  b u l l a t u m  

F .  m o n i l i f o r m e  . . . 

F .  b u l b i g e n u m  . . . 

F .  o x y s p o r u m  f. 5 ,  . 

F .  so lan i  v .  m a r t i i  f. 1 

F .  j a v a n i c u m  v .  theo- 

b romae  . . . . .  

A v e r a g e  n u m b e r  of  s o m e  of  t h e  m o r e  c o m m o n  

Guaymss 
Pea t  

a b 

20 300 

20 60 

60 400 
- -  20 
20 40 

620 1020 

100 260 

Guay-  
mas  

VFSL 
a 

34O 

2O 

6O 
1120 

1320 

1374 

180 

Guay-  
mas  

C--34% 
a 

4O 

100 
140 

26O 

1840 

320 

Guaymas  
C--41% 

a b 

60 - -  

80 

loo - 

1 2 0  110 

420 49O 
1160 - -  

40 

Quc-] Que- 
brada  I b r ada  
Seea Seca 

210 - -  
310 130 

39 220 

60 20 

550 620 

6 7 7 0 ! 7 1 9 O  

- -  180 

Pro- 
greso 

C--83% 
a 

53O 
8O 

10 

8O 

7310 

10 

Table  9. N u m b e r  of  F u s a r i a  p e r  g r a m  of  s u r f a c e  s o i l  f r o m  i n d i v i d u a l  
F u s a r i u m  e q u i s e t i  

Square  
N u m b e r  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13 
14  

15  

16 

17 
18 

19 

2 0  

21  

2 2  

2 3  

24 
25 

Guaym as  Guay-  Ouay- Guay-  
P e a t  mas  mas  mas  

VFSL C--8a47/o C--41% 

a b a a 

- -  500 - -  500 - -  

- -  500 
- -  I000 

5OO 

5OO 

500 

500 

5OO 

5OO 

Que- I Que- 
b rada  ] b r ada  
Seca 1 Seca 

C--37% F: 
a 

500 250 

5OO 

50O 

25O 

250 

75O 

250 
250 

250 
250 
250 2 5 0  

1000 250 

500 500 

1500 

75O 

750 250 
25O 

75O 

i Only fusaria of sect ion Elegans isolated. 

Pro-  
greso 

C--33% 
a 

250 

25O 

5OO 

1000 

Progrel~o 
C--46% 

a b e 

500 250 1000 

250 250 250 

- -  500 250 

- -  250 

250 

250 750 - -  

250 500 

200 250 

5 0 0  750 
250 500 
250 

250 

250 250 
250 500 

250 250 
750 500 
250 

250 
500 

250 

250 250 500 

500 250 

250 500 

2 Fal lowed area. 
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s o i l  f u s a r i a  p e r  g r a m  of s o i l  i n  s u r f a c e  s a m  )les .  

43 

Progreso 
C--46% 

a b e 

190 120 630 
90 218 300 
80 10 10 

Progreso L~ 
Angeles 

SOL C--39% 

a b c ~ a bl 

890 300 - -  40 
60 380 - -  90 

160 

22 234 50 I0 90 
6260 2624 17260 12710 120 

- -  10 40 200 

Los [ Los 
Ange- Angc- 

les [ lea 
C-39% C-41% 

a a 

10 220 
150 9O 
20 - -  

20 101 
20 10 

2060 1610 

10 - -  

Tlquisate  Tiqui-  
SCL sate 

a b I S :  

2 0 - -  ~) 
40 
20 

1 6  D 

40 12 0 

1 4 1 7 0 -  1 0 

N a g u a l ~ e  
VFSL 

a b 

10 50 
200 470 

10 400 
30 1040 

8 7 5 0  2 4 0  

10 10 

s q u a r e s  of t h e  t w e n t y - f i v e  s a m p l e d  f o r  e a c h  so i l  t y p e  
v a r .  bul la tum.  

Progreso 
SCL 

a b 

- -  500 
- -  250 

25O 2O0O 
- -  250 

50O 250 
- -  250 
- -  250 
- -  250 
~00 

- -  1000 

- -  1250 

- -  2500 
- -  250 
- -  250 
- -  250 

250 

Los 2 
Angeles 
C--39% 

a 

25O 

5 O 0  

250 

7 5 O  

5OO 

m 

Los 
Angeles 
C--89% 

250 

2 5 0  

500 

25O 

Los 
Angeles 
C--41% 

a 

2 5 0  

250 
250 

256 
250 

250 

250 

500 

Tiquisate  
SC 

a 

5 O 0  

2 5 0  

_ o  

350 
250 

Tiquisate 
SCL 

a 

5 O O  

5O0 

~ a g u ~ a t e  
VFSL 

a b 

- -  2000 
- -  250 
- -  250 

250 1500 
5 0 0  5 0 0  

1000 
250 - -  
- -  250 

- -  4 5 0 O  

5 0 0  

2 5 0  1 0 0 0  

- -  250 

500 - -  
250 
250 

250 250 
750 500 
250 250 
- -  2 5 0  
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Table  10. N u m b e r  of  F u s a r i a  p e r  

Square 
Number 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Guaymas 
Peat 

a b 

- -  50C 

500 - -  

- -  500 

Guay- Guay- 

VFSL C 

a 

500 
2000 
1000 
1500 
3OOO 
1500 
2500 
2000 
1000 
2500 
1500 
1500 
5OO 
5OO 
50O 
50O 
5OO 

1500 
2000 
250O 
1500 
5O0 
5OO 
500 

1000 

Guaymas 
C--41% 

a b 

- -  1000 250 750 
- - .  - -  500 

750 
500 500 

500 500 250 250 
500 250 

2000 1250 
500 
500 2000 250 

1000 - -  1250 2750 
500 - -  500 - -  

1000 - -  - -  1250 
- -  - -  9000 750 

2500 500 250 
500 y - -  

500 - -  500 
500 - -  500 

1000____ i 0  500 

i 

500 - -  - -  1050 
500 

- -  - -  750 
- -  - -  - -  750 

500 - -  250 

g r a m  

que- Que- 
brada brada 
Secu Seca 

c-27% FSa 

500 
5OO 

1200 
5O0 

5OO 
750 

5OO 
5OO 

1250 
1500 
1750 
250 
75O 

1000 
1000 

500 

5OO 
5OO 
75O 

250 
500 

of  s u r f a c e  so i l  f r o m  
F u s a r i u m  

Pro- Progreso 

c 21% ~176 
a b e 

250 - -  250 - -  
250 100 

750 

250 50 
250 
500 - -  

- -  500 - -  

- -  5 0  - -  

- -  250 - -  
- - 2 0 0  500 
- -  200 - -  
- -  50 250 

- -  1 0 0  - -  

- -  1 0 0  

- -  50 250 

250 

500 - -  - -  

t h a t  i t  is  a d i s t i n c t  soi l  f u n g u s .  T h e  o t h e r  o r g a n i s m s  l i s t e d  i n  t h e  t a b l e  

w e r e  f o u n d  g e n e r a l l y  i n  a l l  of t h e  soi l  t y p e s  i n v e s t i g a t e d  a n d  h a v e  b e e n  

r e g a r d e d ,  f o r  t h e  t i m e  b e i n g ,  as  t r u e  soi l  o r g a n i s m s .  F u r t h e r  s t u d y  m a y  

s h o w  t h a t  s o m e  of t h e s e  h a v e  d i s t i n c t ,  or  a n u m b e r  of h o s t  p l a n t s ,  as  

is  t h e  c a s e  w i t h  N. oxys forum f. 3. I f  t h i s  is e s t a b l i s h e d  we  m a y  h a v e  

t o  r e g a r d  t h e m  as  soi l  i n v a d e r s  i n s t e a d  of t r u e  soil  t y p e s .  I n  t h e  ca se  

of t h e  F .  oxysporum f. 3 i s o l a t i o n s ,  t h e  k n o w n  d i s e a s e d  h o s t  o r  a b s e n c e  

of  s a m e  w a s  d e f i n i t e l y  e s t a b l i s h e d  as  t h e  a r e a s  t e s t e d  w e r e  i n v e s t i g a t e d  

f r o m  t h i s  s t a n d p o i n t .  T h e  p o s s i b i l i t y  of o n e  h o s t  or  a v a r i e t y  of h o s t s  

b e i n g  p r e s e n t  i n  a l l  soi l  t y p e s  s a m p l e d ,  f o r  ~hose  f u s a r i a  c l a s s e d  as  t r u e  

soi l  o r g a n i s m s ,  w o u l d  a p p e a r  t o  b e  h i g h l y  i m p r o b a b l e .  T h e  s e v e n  f u s a r i a  

1 Fal lowed area. 
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i n d i v i d u a l  s q u a r e s  of  t h e  l b w e n t y - f i v e  s a m p l e d  f o r  e a c h  so i l  t y p e  
oxysporum f. 5. 

L O S  ! 

Angeles 
0 - - 3 9 %  

a b 

N 

m 

m 

Progreso 
SCL 

a b c 

75O 

5O0 

- -  2 5 0  - -  

250 

250 

- -  250 --  
- -  250 - -  

500 

- -  1250 - -  

- -  250 

Los Los 

C--39% 

a 

250 
250 

250 

Tiqut- 
sate Tiquisate 
SO SCL 

a a b 

500 
25O 5O 

500 
5O 

250 50 
25O 5O0 100 
5OO 

250 

000 

500 
75O 
250 
500 

250 5O 

25O 

N a g u a l a t c  
VFSL 

a b 

listed in Table 8, because of their common occurrence in the soil, have 
been used for the correlations discussed in the latter part  of the paper. 

Tables 9, 10, and 11 give the number of fusaria isolated per gram 
of surface soil from individual squares of the twenty-five sampled from 
each soft type for the three following fungi: Fusarium equiseti var. bul- 
latum, Fusarium oxysporum f. 5, and lVusarlum solani vat. martii f. 1. 
Similar isolations of all organisms listed were made for each soil type 
analyzed in the present investigations. Check samplings were made of 
the following soil types; Guaymas Peat, Guaymas Clay--41%, Progreso 
Clay- 46%, Progreso Sandy Clay Loam, Los Angeles Clay--39%-(Fal- 
lowed area), Tiquisate Sandy Clay Loam, and l~agualate Very Fine 
Sandy Loam. 
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Table 11. 

Square  
Number  

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

N u m b e r  

Guaymas 
Peat 

a b 

- -  2500 
- -  3000 
500 3000 
500 1500 
- -  500 
- -  2000 
- -  3000 

2000 500 

1000 2500 
- -  2500 
500 1500 
- -  1500 

500 - -  
500 - -  

4500 
5OO 1000 

3000 - -  

1000 - -  

1000 500 

Of F u s a r i a  per  g r a m  of 

i 
Guaymas  Guaymas  

VFSL C--34% 

a a 

lO00 2500 
1000 2000 
4000 2000 
1500 Not 
500 sampled 
500 500 

2000 500 
~000 500 
50O 20O0 

1000 500 
1500 1000 

2OOO 5O0 
1800 3000 
1500 5500 
I000 2500 

50 3500 
500 4500 
- -  5000 
500 1500 

1000 1500 
- -  2000 

5000 2000 
500 2000 

2O00 1000 

Quebrada 
Guaymas Seea 
C--41% C_3a7% 

a 

I 
500 l 1250 

1000 
I000 
375C 
2250 
3750 
875C 
6500 
9500 

18250 
5750 
3000 
8250 

13500 
11250 
6OOO 

12000 
9500 
925O 
7250 
8250 
7000 
6250 

500 2250 
- -  3750 

s u r f a c e  soi l  f r o m  
Fusar ium solani 

Quebrada  Pro-  
Seca greso 
FS C--~t3% 

9250 
8500 

10000 
6000 
8250 

11750 
7750 
4000 
3000 
9500 
3000 

10500 
4750 
2250 
8500 

13750 
575O 
5000 
3500 

11000 
3500 
9500 
7000 
7OOO 
6750 

6250 
5250 
1500 
65OO 
3000 
7750 
5250 
1250 
4750 
8500 
9250 

16750 
5250 

31750 
8500 

13500 
7250 
175O 
525O 
6500 
9250 
7750 
4250 
1500 
4250 

The  typ ica l  surface isolations, as represented in Tables  9, 10, and 11, 

g ive  a be t t e r  idea of the  me thods  employed  in the  inves t igat ions  and 

the  d is t r ibu t ion  of t he  par t i cu la r  fungi  as t h e y  occurred in each square  
of the  one hundred  square  feet  analyzed.  A n  analysis of these tables  

shows t h a t  F. solani var .  martii f. 1 was general ly  present  in all squares  
of soil in most  of the  soil types.  I n  some of the  soil types  the  fungus 

was not  so un i fo rmly  d is t r ibuted .  The  d i s t r ibu t ion  of .Fusarium equiseti 
var.  bullatum and .Fusarium oxysporum f. 5 was not  so uniform. The  

results, as given,  m a y  not  show the  t o t a l  ac tua l  d is t r ibut ion,  as the  

following var ious  di lut ions were used:  1/50, 1/250, and 1/500. l~or 

example ,  where a d i lu t ion  of 1/250 was used, all fungi  t h a t  were in the  

soil below a number  of 250 to  t he  g r a m  theore t ica l ly  would no t  be 

1 Fallowed area. NS Not sampled. 
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i n d i v i d u a l  s q u a r e s  of t h e  t w e n t y - f i v e  s a m p l e d  f o r  e a c h  so i l  t y p e  
v a r .  martii  f. 1. 

Pro~eso 
0--46% 

a b c 

6500 3000 4000 
6250 1750 9250 
1000 1250 9750 
4750 500 4250 

10500 5000 2500 
14500 6000 20000 

2000 3750 8250 
12750 3500 13250 
4250 7250 6500 
30O0 75O 2250 

16250 1750 3250 
1 2 5 0  850 5250 
NS 1000 2500 

17000 4500 3500 
20250 1750 5000 

3250 1500 2000 
1250 2250 2750 
2500 1750 2250 
9750 1500 5000 
3000 1500 2000 
1000 2000 2000 
1000 2000 6500 
2500 4000 4000 
4000 1500 8250 
1750 5000 6750 

Progreso 
SCL 

a b 

29000 
114500 

8750 
112250 

5250 
26750 
11500 

775O 
6500 

15500 
1575O 

:17250 
1725O 
34250 
37250 
12000 
7250 

11250 
38750 

9750 
15500 
14500 
29500 
18750 
14750 

L o s  1 

Angeles 
C--39% 

a 

28000 - -  
6000 - -  
9000 - -  

18750 - -  
14000 - -  

11250 - -  
16000 - -  
40O0 - -  
6000 25( 

14750 - -  
15000 - -  
12000 - -  
6750 - -  

12500 50( 
I0750 - -  
33750 - -  
10000 - -  

9500 50( 
6000 50( 

26750 - -  
5250 - -  

12250 - -  
4250 25( 

1575O 75O 
9500 250 

LOS L o s  

Angeles Angeles 
C--a9%a C--4al% 

2250 1000 
250 2500 
500 3000 

6000 1250 
5500 2000 

750 750 
3500 3000 

75O 3750 
2000 1750 
1000 1250 
I000 250 
250 250 

325O 45O0 
750 4500 

1000 1000 
3 7 5 0 1 1 2 5 0  
250O11250  
2500 1250 
1000 1000 
1750 1000 
1000 250 

500 1000 
1500 250 

750 250 
7500 20O0 

Tiqu[- T|qul- sate 
s:te SCLa 

1000 7250! 
2000 9500 

i 
1750 5500  
3000 6000 

500 5500 
500 ssool 

6000 80001 
2750 785001 
3750 50001 
1000 435OO1 

500 65001 
750 3000 I 
750 7000 I 

1000 3000 L 
2250 2000 I 

750 10001 
1250 2000 I 
2250 17000 ] 
1750 1000 I 
2750 3000 I 
1250 1500 I 
1000 20001 
2000 20001 
2250 2500 
1750 23500 

Nagualate 
VFSL 

a b 

250 - -  
- -  250 
750 750 
250 - -  
500 
250 - -  

- -  1 0 0 0  

750 - -  
250 1750 
250 250 

1250 250 

- -  250 

250 500 
3250 - -  

- -  250 

250 500  
- -  250 
500 - -  

i s o l a t e d .  E a c h  s q u a r e  of soil,  t h e r e f o r e ,  n o t  s h o w i n g  t h e  p r e s e n c e  of a 

p a r t i c u l a r  o r g a n i s m  m a y  a c t u a l l y  c o n t a i n  t h i s  o r g a n i s m ,  b u t  i n  n u m b e r s  

less  t h a n  250  t o  t h e  g r a m  of soil .  A r e l a t i v e  r o u g h  q u a n t i t a t i v e  m e a s u r e -  

m e n t ,  we  be l i eve ,  h o w e v e r ,  w a s  d e f i n i t e l y  o b t a i n e d .  - -  I n  T a b l e s  9 a n d  11 

n o  c o u n t s  a r e  g i v e n  f o r  t h e  f o l l o w i n g  i s o l a t i o n s ,  as  o n l y  f u s a r i a  of s e c t i o n  

E l e g a n s  w e r e  i s o l a t e d :  G u a y m a s  C l a y - - 4 1 % ,  b s a m p l e ;  P r o g r e s o  S a n d y  

C l a y  L o a m ,  c s a m p l e ;  L o s  A n g e l e s  C l a y - - 3 9 % ,  f a U o w e d  a r e a ,  b s a m p l e ;  

a n d  T i q u i s a t e  S a n d y  C l a y  L o a m ,  b s a m p l e .  T a b l e  10 w i t h  Fusarium 
oxysporum f. 5, t h a t  is a n  E l e g a n s ,  i n c l u d e s  c o u n t s  f o r  a l l  s a m p l e s .  

c) Correlation between the Average Number o /Fusar ia  per gram 
o/ Sur/ace Soil and Texture. 

T a b l e  12 g i v e s  t h e  c o r r e l a t i o n  b e t w e e n  t h e  a v e r a g e  n u m b e r  of  f u s a r i a  

p e r  g r a m  of  s u r f a c e  soil  a n d  t e x t u r e  f o r  t h e  e i g h t  c o m m o n  f u s a r i a  l i s t ed .  
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Table 12. C o r r e l a t i o n  b e t w e e n  n u m b e r  of 

Los Los Que- 
Progreso Angeles Guaymas Angeles b r a d a  

S e e a  Name of Organism C--46% C--41~ C--41% C--39% C--37% 

a b c a a b t a a 

190 120 830 220 60 - -  1 0  210 
9 0  218 300 90 80 - -  150 310 
, 8 0  1 0  1 0  - -  1 0 0  - -  2 0  3 0  

4 2  38 10 10 120 110 20 60 
94 26 - -  - -  80 48 40 280 
22 234 50 10 420 490 20 550 

6260 2624 5640 1610 1160 - -  2060 6770 i 

F .  j a v a n i c u m  v. theobromae  - -  10 40 - -  I 40 - -  10 - -  

By  tak ing  the to ta l  average n u m b e r  of fusaria in  the different clay types,  
those con ta in ing  33 to 46 per cent  clay, as compared wi th  the tota l  
average n u m b e r  of fusaria  conta in ing  less t h a n  33 per cent  clay, we 
ob ta in  the  results as presented in  Table  13 : 

Table l3. A v e r a g e  n u m b e r  o f  f u s a r i a  per  g r am of c lay  soils as 
c o m p a r e d  ~o l i g h t e r  �9 t exSured  �9 

F.  d i m e r u m  . . . . . . .  

F .  "equi,eti v .  b u l l a t u m  . . 

F .  m o n i l i f o r m e  . . . . .  

F .  b u l b i g e n u m  . . . . . .  

F .  o x y s p o r u m  f. 3 . . . .  

F .  o x y a p o r u m  f. 5 . . . .  

_~. so lan i  v .  ~nartii f. l .  . 

Name of Fungus 

F .  d i m e r u m  . . . . . . . . . . .  

F .  equ i se t l  v .  b u l l a t u m  . . . . . .  

~'.  m o n i l i / o r m e  . . . . . . . . . .  

t z .  b u l b i g e n u m  . . . . . . . . . .  

$ ' .  o x y s p o r u m  f .  3 . . . . . . . .  

F .  o x y s p o r u m  f .  5 . . . . . . . .  

F .  so lan i  v .  m a r t i i  f .  1 . . . . . .  

F .  ] a v a n i c u m  v .  theobromae  . . . .  

Average No. Fusaria 
Clay 33--46% 

241 
151 
40 
55 

165 
214 
3919 

48 

Average No. Y u s a r i a  
Lighter textured soil 

206 
169 
l l8  
234 
350 
240 

7934 
73 

According to  the  results given in  Table  13, larger average numbers  of 
2 ' .  d i m e r u m  were isolated from the  heavier  soils t h a n  from the  l ighter  
soils. I n  all other  ins tances  more fusar ia  were isolated from the  l ighter  
t ex tu red  soils t h a n  from the heavier  t ex tu r ed  softs. 

I f  we analyze  the  l ighter  clay soils fur ther ,  as presented u n d e r  de- 
script ions and  classification of areas sampled, we f i n d ' t h a t  the  Guaymas  
Clay with 34% clay had  46% sand, t h a t  the P rogresoCiay  with 33% clay 
had  40% sand, t h a t  the Los Angeles Clay with 39% clay had 48% sand 
and  t h a t  the  Quebrada  Seca Clay wi th  37% clay had  43% sand. These 
clays, therefore, approach sandy  clays and  would,be expected to have a 
different reac t ion  on fungous growth  t h a n  the  clays with a low percen- 
tage  of sand.  I f  we compare the  to ta l  average n u m b e r  of  fusar ia  in  the  

1 Only fusaria of Section Elegans isolated. 
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I u s a r i a  per  g r a m  of su r f ace  soil and  t e x t u r e .  

Guay- Pro- Tlquf-  
mas [ greso [ sate 

C - 3 4 %  C--33% SC 

a a a 

- -  530 40 
40 80 50 

100 10 70 
140 --  40 
640 280 270 
260 80 220 

1840 7310 1780 
320 10 - -  

Tiquisate 
SCL 

a b 1 

2 0 - -  
�9 40 - -  
20 

- -  16 

40 12 
14170 

Progreso 
SCL 

a b c 1 

890 300 - -  

6 0  380 - -  

1 6 0  - -  - -  

2 0  30 20 
160 50 30 
10 90 90 

17260 12710 - -  
2 0 0  - -  - -  

Guay- 
mas 

VFSL 

a 

340 
20 
60 

1120 
840 

1320 
1374 
180 I 

Nagualate 
VFSL 

a b 

10 50 
200 470 

10 400 
30 1040 

8750 240 
10 10 

Que- 
brada  
Seca 
FS 
a 

130 
220 

20 
750 
620 

7190 
180 

different clay types  with 41 to 46% clay as a class, with the to ta l  average 
n u m b e r  of fusaria  in  the l ighter  t ex tu red  softs as a class, we ob ta in  the 
results as presented in  Table  14: 

Table l4. Ave rage  n u m b e r  of f u s a r i a  per  g ram of c lay  soi ls  as 
c o m p a r e d  w i t h  l i g h t e r  t e x t u r e d  soils. 

Average No. 17usaria Average No. Fusar ia  
l~,*ame of Fungus  Clay 41--46% Lighter textured soils 

F .  d i m e r u m  . . . . . . . . . . .  
F .  equ i se t i  v .  b u U a t u m  . . . . . .  
~'. m o n i l i [ o r m e  . . . . . . . . . .  
F .  b u l b i g e n u m  . . . . . . . . . .  
F .  o x y s p o r u m  f .  3 . . . . . . . .  
F .  o x y s p o r u m  f.  5 . . . . . . . .  
F .  so lan i  v .  m a r t i i  f .  1 . . . . . .  
F .  ~ a v a n i c u m  v .  t heobromae  . . . .  

284 
156 
40 
55 
50 

204 
4011 

18 

200 
161 
92 

183 
350 
237 

6789 
77 

According to  the  results g iven in  Table  14, larger average numbers  of 
F .  d i m e r u m  were isolated from the  heavier  softs t h a n  from the  l ighter  
softs. I n  all other  cases larger average mlmbers  were isolated from the  
l ighter t ex tu red  softs. Prac t ica l ly  the  same n u m b e r  of /~. e q u i s e t i  var.  
b u U a t u m  and  of -~. o x y s p o r u m  f. 5 were isolated from each soil class. 

I n  these calculat ions the  n u m b e r  of fusar ia  found  in  the  fallowed 
area, Los Angeles C lay - -39%,  and  the  Guaymas  Pea t  area were no t  
included. The fallowed area was no t  considered as a normal  condit ion.  
The peat  area is representa t ive  of a less common soil type  t ha t  is to ta l ly  
different f rom the  other types.  I f  the pea t  areas were included in the 
l ighter t ex tu red  soils the average counts,  in  most  instances,  for this 
group of soils would have been increased. The averages given for F .  
o x y s p o r u m  f. 3 were calculated only  from isolations made abou t  wilt 
diseased b a n a n a  plants .  

Z. f. Paras l tenkunde  Bd. 6. 
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The  results  af these isolat ions show t h a t  one F u s a r i u m  grew be t t e r  

in heav ie r  t e x t u r e d  softs, and t h a t  the  others  l is ted grew be t t e r  in the  

l ighter  t e x t u r e d  soil. This  difference in abi l i ty  to  grow be t t e r  in l igh te r  

t e x t u r e d  softs t h a n  in heavier  t e x t u r e d  softs m a y  be due to  a physical  
fac tor  or oxygen  relat ionship,  but  f rom studies made  elsewhere (10) i t  

would seem t h a t  i t  is due to  a combina t ion  of these fac tors  along wi th  

differences in  the  chemica l  cons t i tuents  of the  softs. 

Table15. C o r r e l a t i o n  b e t w e e n  n u m b e r  of 

Name of Organism 

(p~value) . . . 
2'. d l m e r u m  . . 

F .  equise t i  v.  

b u l l a t u m  . . . 

F .  m o n i l i f o r m e  . 

F .  b u l b i g e n u m  . 

t ' .  o x y s p o r u m  f . 3  

.F, o x y s p o r u m  f. 5 

F .  8olani  v .  

m a r t i i  f.  1 . . 

F .  j a v a n i c u m  

v .  t h e o b r o m a e .  

Progreso 
SCL 

a b c 1 

7.7 7.9 7.9 
890 300 

60 380 - -  
160 
20 30 20 

160 50 30 
10 90 90 

~'agua]ate Progreso 
VFSL C--46% 

a b a b 

7.5 8.0 7.8 7.5 
10 50 190 120 

200 470 
10 400 
30 1040 

17260 12710--  8750 240 

200 - -  - -  10 10 

90 218 300 
80 10 10 
42 38 10 
94 26 
22 234 50 

6260 2624 5640 

- -  1 0  4 0  

Pro-  
greso 

e--33% 
e a 

7.8 7.7 
830 530 

8O 
10 

28O 

80 

7310 

10 

Tiquisa te  
SCL 

a b 1 

7.3 7.3 
20 

40 - -  
20 - -  

16 

40 12 

14170 

d )  C o r r e l a t i o n  b e t w e e n  t h e  A v e r a g e  N u m b e r  o / • u s a r i a  p e r  g r a m  

S u r ] a c e  S o i l  a n d  t h e  p m  

Table  15 gives the  corre la t ion be tween  the  average  number  of fusar ia  

per  g r a m  of surface soil and the  p~ va lue  of t h a t  soil for the  eight  c o m m o n  
fusar ia  listed. I f  we compare  the  to t a l  average  number  of fusar ia  in t he  

alkal ine soils wi th  the  acid soils, the  results  as presented  in Table  16 

are obta ined  : 

Table 16. C o r r e l a t i o n  b e t w e e n  n u m b e r  of f u s a r i a  pe r  g r a m  of 
s u r f a c e  soi l  and  pH- 

Alkal ine  soils Acid soils 
l~ame of Fungus 7.2--8.0 3.8--6.9 

F.  d i m e r u m  . . . . . . . . . . .  
F .  equiset~ v .  b u l l a t u m  . . . . . . .  
F .  m o n i l i / o r m e  . . . . . . . . . .  
F .  b u l b i f f e n u m  . . . . . . . . . .  
zw. o x y s p o r u m  f.  3 . . . . . . . .  
~ .  o x y s p o r u m  f .  5 . . . . . . . .  
t ~. 8o lan i  v .  mar t i~  f .  1 . . . . . .  
F .  j a v a n i c u m  v .  theobromae  . . . .  

290 
200 

73 
104 
149 
108 

7592 
25 

i Only fusaria of section Elegans isolated. 

106 
74 

107 
173 
458 
356 

2109 
121 
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Accord ing  to  resul ts  ob ta ined  in  Tab le  16 the  fol lowing fungi  g rew 
b e t t e r  in  a lka l ine  soils t h a n  ac id  soi ls ,  F. dimerum, F. equiseti var .  bul- 
latum, and  2'. solani var.  martii f. 1. The  fol lowing fungi  grew be t t e r  
in ac id  soils t h a n  a lka l ine  soils" F .  monili]orme, F. bulbigenum, F. oxy. 
sporum f. 3, F. oxysporum f. 5, and  F .  javanicum var.  theobromae. J u d g i n g  
f rom these  resul ts  some of t he  fusa r ia  p re fe r  a lka l ine  soils and  others  
p re fe r  ac id  soils. Al l  of t he  fungi  in  sec t ion  Elegans ,  according  t o  these  

f u s a r i a  p e r  g r a m  of s u r f a c e  so i l  a n d  PH. 
Qlle- 

Tiqui- b rada  
sate Seea 
sc 0-:7% 
a 

7.2 
40 

50 
70 
40 

270 
220 

1780 

7.2 
210 

310 
30 
60 

280 
550 

6770 

Qlle- 
brada  
Seca 
FS 

, a 

6.9 

130 
220 

20 
750 
620 

7190 

180 

Los  
Angeles 
C--41% 

6.7 
220 

90 

10 

10 

]610 

Angeles 
C--39% 

6.6 
10 

150 
20 
2O 
4O 
2O 

2060 

I0 

Guay- 
mas 

VFSL 

a 

5.8 
34O 

2O 
6O 

1120 
84O 

1320 

1374 

180 

c--~4% 

r 5.3 
_ I 

40 
100 
140 
640 
260 

1840 

320 

Guaymas Guaymas 
C--41% Peat  

a b t a b 

5.2 5.2 4.5 3-8 
60 - -  20 300 

80 - -  
100 - -  

120 110 
80 48 

420 490 

1160 - -  

40 - -  

20 60 
60 400 

- -  20 
540 1180 

20 40 

620 1020 

100 260 

results ,  p re fe r red  the  ac id  soils. U n d o u b t e d l y  the  p~ va lue  of these  soils 
is no t  t he  only  f ac to r  t h a t  inf luenced the  deve lopmen t  of t he  fungi.  I n  
these  ca lcu la t ions  t he  n u m b e r  of fungi  found  in t h e  fa l lowed area,  Los  
Angeles  C l a y - - 3 9 % ,  were no t  inc luded.  The  averages  g iven  for F. oxy- 
8porum f. 3 were ca lcu la ted  on ly  f rom iso la t ions  made  abou t  wil t  d iseased 
b a n a n a  p lan ts .  

e) Variations in Counts due to Local Soil and Meteorological 
Conditions. 

Accord ing  to  Tab le  7, var ious  dup l i ca t e  i so la t ions  to  d e m o n s t r a t e  
possible  va r i a t ions  in counts  were m a d e  f rom ce r t a in  of t h e  soil t2/pes. 
A p p a r e n t l y ,  in these  few cases, s ignif icant  resul ts  have  been  ob ta ined  
where ex t r eme  va r i a t ions  exis ted .  I n  t he  G u a y m a s  P e a t  area ,  i so la t ions  
in  a rea  "a'" were made  in  a l oca l i t y  t h a t  h a d  a w a t e r  t ab l e  a t  18" and  a 
wet  and  soggy t o p  and  d e p t h  soil. F e w e r  counts  of t he  same organ isms  
were ob ta ined  in  th i s  wet  and  soggy a rea  as c o m p a r e d  wi th  a rea  " b " ,  
t he  surface  soil of which was in  a good  cu l tu ra l  condi t ion .  

The  Los Angeles  C l a y - - 3 9 %  soft t ype ,  where two  areas,  " a "  and  " b " ,  
were sampled ,  was a fa l lowed a rea  s i t ua t ed  in a region wi th  a d i s t i nc t  

4* 
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hot and dry season (Table 4). All weeds were kept  from the area by  
cultivation tha t  was carried on at  intervals during a year  previous to  
the date of sampling. The Los Angeles Clay--39% soil type,  where only 
one area "a  was sampled, adjoined and was similar to Los Angeles 
Clay--39%, areas " a "  and "b" ,  except t h a t n o  fallowing was done. The 
records show tha t  apparent ly a distinct reduction in the numbers of 
fusaria took place in the surface soil of the fallowed area. F. solani var. 
martii f. 1 was present at the rate  of 2060 in the unfallowed Los Angeles 
Clay--39%, and at the rate  of 120 to tile gram of soil in the fallowed area. 
I t  is interesting to note, according to figures in Table 17, tha t  in the 
fallowed area, Los Angeles Clay--39%, Fusar ium solani var. martii f. 1 
was found in greater  numbers from one inch downward than  in the 
surface one-half inch. Undoubtedly fallowing with occasional cultivation 
to keep down the weeds, and exposure to the sun, in the semi-arid regions 
of the Guatemala  West Coast has a material  effect on reduction in 
numbers of surface soil fusaria. 2'. oxysporum f. 3 was not isolated in 
great numbers from the surface soil of the unfallowed Los Angeles 
Clay--39% type,  but  was isolated in greater  numbers at  the one inch 
depth and down to eight inches. This correlation is also evident with 
some of the other fungi. One would infer tha t  under these conditions the 
fusaria present are greatly reduced in numbers in the surface one-half 
inch, but  are not so material ly affected below three inches. A comparison 
of the fallowed area of Los Angeles Clay--39% with the non-fallowed 
area of Los Angeles Clay--39% brings out this difference, even though 
the surface soil in the unfallowed plot was dry  and part ial ly exposed to 
the sun due to very little shade. 

The Tiquisate Sandy Clay and the Tiquisate Sandy Clay Loam areas 
were located in irrigated sections, while the Los Angeles and the Na- 
gualate areas were si tuated in regions not irrigated. The largest num- 
ber of different fusaria per gram of soil were, in the major i ty  of cases, 
isolated f rom the irrigated areas, although this correlation did not hold 
t rue  in all instances. In  our results no significant correlation existed 
be tween these factors. 

While it was not possible to determine definite correlations between 
the meteorological conditions and the number  and distribution of the 
soil fusaria, it can be readily seen from the da ta  in the various tables, 
regardless of irrigation, tha t  the common and real soil fungi were present 
under the dry  conditions of the Progreso and Los Angeles regions, as 
well as under the more uniform rainfall conditions of the Guaymas and 
the Tiquisate areas. The Los Angeles and Tiquisate regions had a much 
more distinct d ry  period than  the Progreso and Guaymas regions. Ap- 
parently,  while there may  be some difference in total  numbers, some of 
the  same soil fusaria were found to grow alnmst equally as well in the 
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softs of the semi-arid region, when isolated at the end of the dry season, 
as in areas with a uniform distribution of rainfall. F. solani var. martii 
f. 1 was isolated at the rate of 1840 and 1160 in the two Guaymas Clays 
as compared with 2060 and 1610 per gram of soft in the two Los Angeles 
Clays. 

]) Depth Soil Isolations. 

Table 17 gives the average number of fusaria per gram of soil isolated 
at different depths. These isolations were conducted as described under 
the method of sampling. Depth isolations were made in four squares to 
a depth of 24" from each soil type except in the following softs, in which 
cases only three squares were sampled : Guaymas Peat, area b ; Guaymas 
Clay--34%; Guaymas Clay 41%; and l~agualate Very Fine Sandy 
Loam, area a. Depth samples in soil type, Guaymas Clay--41%, area b, 
were taken in four representative squares, but only down to six inches, 
and in this case only fusaria of section Elegans were isolated. - -  Isolations 
were conducted for every inch down to 24" in one square and in the 
other two or three squares for every inch down to 15", and then at the 
18, 21, and 24 inch depths, except in the one instance given above. 

An analysis of Table 17 shows that  all fusaria isolated in these soil 
investigations were found to occur in the soil depth varying from 1 to 
24 inches, except the following : Fusarium semitectum, Fnsarium campto- 
ceras, .Fusarium scirpi, Fusarium 8cirpi var. caudatum, Fusarium monili- 
/orme var. maius, and Fvzarium ]avanicum vat. ensi/orme. All of these 
were isolated only from the surface soil, generally in small numbers and 
have been classified as soil invaders. 

The following organisms were found to occur commonly in the soil 
depth:  _~usarium dimerum, F. equiseti var. bullatum, Fusarium monili- 
/orme, Fusarium bulbigenum, Fusarium oxysporum f. 3, Fusarium oxy. 
sporum f. 5, F. solani var. minus, Fusarium solani var. martii f. 1, Fu- 
sarium 8olani var. eumartii, and _Fusarium ]avanicum var. theobromae. 
All of these fungi have been classed as true soil fungi except .Fusarium 
oxysporum f. 3 that  was found associated in the soft only about its 
diseased host. F. decemcellulare, F. chlamydosporum, F. diversisporum, 
2". orthoceras, 2". orthoceras var. triseptum, iv. oxysporum and _~. vasin- 
lecture var. lutulatum were all found in the depth soil isolations, but in 
numbers not sufficient to classify them as true soil organisms. 

2"usarium solani var. martii f. 1 was found in greater numbers, down 
to a depth of 24", than any other Fusarium in the soft. In  certain soil 
types it was widely distributed down to this depth and undoubtedly 
penetrates further. 

Fusarium equiseti var. bullatum was found scattered rather abund- 
dantly through various soil types down to 24". 
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I V .  D i s c u s s i o n  o f  R e s u I t s .  

F i f t e e n  d i f ferent  soil a reas  were used  in  the  inves t iga t ion  of t he  
r e l a t ive  n u m b e r  and  d i s t r i b u t i o n  of fusa r ia  in  var ious  t rop ica l  soils. Of 
these  soil  a reas  four t een  were d i s t i nc t  soil types .  These soil t ypes  
r anged  f rom fine sand  to  c lays  wi th  a 46% c lay  �9 T h e y  also 
inc luded  ac id  and  a lka l ine  soils wi th  reac t ions  ranging  f rom a p~ of 
3.8 to  8.0. A wide range  in  organic  con ten t  is p resen t  be tween  the  
va r ious  soils. 

Nine  of t he  fou r t een  soil  t y p e s  are  presen t  in  a region nea r  Tela ,  
Honduras .  The  G u a y m a s  soil t y p e s  are  in  a l o c a l i t y  wi th  a f a i r ly  equa l  
d i s t r i bu t i on  of ra in fa l l  averag ing  a b o u t  132" dur ing  the  year .  The  Pro-  
greso and  Quebrad~  Seca  soil t y p e s  are  in a reg ion  wi th  a ra in fa l l  of 
a r o u n d  60"  du r ing  the  year .  

Depth Guaymas  
in P e a t  

Inches  
a b 

1 

2 

3 

4 
5 
6 

7 
8 
9 

i0  
11 
12 
13 
14: 
15 

6 F 

1 

9 

Table 

Guaymas Guaymas 
VFBL C--34% 

a a 

17. A v e r a g e  n u m b e r  of f u s a r i a  

Quebrada I Quebrada 1 Guaymas Scca J S~a Progreso 
C--41% C--:7% a C--33% 

a b I a 

Eusarium 
. . . . .  63 / - -  - -  

167 

125 
63 

63 

9 _ ~ F _ - -  

1 Only fusaria of section Elegans isolated. 

.Fusarium 

- I - I - -  

2 Fallowed area. 

F _ _  

Fusarium 

Fusarium 

i - 
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F ive  of the  fourteen different soil types are s i tuated on the West 
Coast of Guatemala.  The various areas are in a region tha t  have a 
dist inct  d ry  season during which t ime l i t t le  or no rain falls. The amount  
of rain t ha t  falls during the ra iny  season varies according to proximi ty  
to  the Pacific Ocean, less rain falling near  the ocean. The Los Angeles 
and Nagualate  soil types are in an area which receives about 70" of 
rainfall  during the year. The Tiquisate soil types  are in a region of 
higher rainfall  where about 123 inches falls during the year. 

A var ie ty  of soil and meteorological conditions are represented in 
this investigation. These conditions appear  to be variable enough to 
aid in determining what fusaria are t rue  soil organisms and to  determine 
whether the number and dis t r ibut ion of these soil fusaria varied accord- 
ing to the different soil types and climatic conditions as found in par ts  
of Honduras  and Guatemala.  

per  gram of soi l  i s o l a t e d  a t  d i f f e r en t  depths .  

Progreso  

C- -46% 

a b c 

dimerum 

13 
13 - -  63 

63 

63 

63 
13 

decemcellulare 
I 

ehlamydosporum 

I 
diversisporum 

] 

Progreso 
SGL 

a b c I 

- -  6 3  - -  

- -  6 3  - -  

- -  6 3  - -  

10 

Los 2 Los Los T] qul - 
Angeles Angeles Ange]es sate 
C--39% C--39% C--41% SC 

a b a a a 

1 8 8  

125 

63 

63 

] 10 

Tiqu t -  
8 a ~  
SCL 

a b I 

125-- 

I -  

S 2  

Nagualate 
VFSL 

a b 

83 - -  

8 3  - -  

8 3  - -  

- -  1 0  
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p e r  g r a m  o f  s o i l  i s o l a t e d  a t  d i f f e r e n t  d e p t h s .  

Los 2 Los Los Tiqul-  
P rogreso  Progreso  Angeles  Angeles An- sa te  

C---46% SCL C--39% C - 3 9 %  cg4];o~ol SC 

a b e a b e I a b 1 a a a 

var .  buUatum. 

- -  1 2 5  - -  6 3  - -  125 
25 13 63 - -  - -  

13 63 
13 - -  63 - -  1500 

250 

- -  1 2 5  6 

125 63 6 
63 63 

13 63 63 12 

63 125 

13 63 

125 63 
13 63 63 

63 

125 

125 

63 

188 

63 63 

Ttquisate Naguala te  
SCL VFSL 

a b I a b 

938 - -  125 

125 

- -  125 
63 83 125 

63 250 125 
63 
63 63 

63 

250 63 

63 63 

63 

monili]orme. 

13 

13 

63 63 
63 

63 
63 63 

63 

63 

63 - -  

63 63 

- -  1 2 5  
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g r a m  of 

Progre~o 
C--46% 

a b 

orthoceras 
- -  13 

v~r. triseptatum. 

bulbigenum. 

13 

13 - -  B 

oxysporum. 
- -  63 

so i l  i s o l a t e d  a t  d i f f e r e n t  d e p t h s .  

LOS 2 LOS ] LOS I Tiqui- 
Progreso . Angeles Angeles Angeles / sate 

SCL C--39% C--39% C--41% SO 

c a b c I a b I a a a 

T|quisat~ 
SCL 

a b I 

I j ! !12 
- - [ -  - - I -  

63 

63 

63 
63 

63 

63 

63 
- -  63 

63 

Nagualate 
VFSL 

a b 

- -  6 3  

form of bo th  vege t a t i ve  m y c e l i u m  and  r ep roduc t ive  spores.  Because  a 
p a r t i c u l a r  o rgan ism m a y  be p resen t  in  ~ soil p r i m a r i l y  in the  fo rm of 
t he  vege t a t i ve  myee l ium,  in  t he  process  of shaking  the  soil suspension,  
t he  m y c e l i u m  m a y  be b roken  up  in  va ry ing  degrees so t h a t  a difference 
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Depth 
in 

Inches 

Guaymas 
Peat 

a b 

Table 17. (continued). A v e r a g e  n u m b e r  of f u s a r i a  

Guaymas Guaymas I Guaymas Quebrada Quebrada Prog~eso 

a a a b I a 

2"usarium 
1 - -  167 63 167 - -  - -  63 125 - -  

2 333 100 - -  63 - -  - -  
3 125 - -  100 --. - -  
4 100 63 - -  
5 833 38 
6 75 
7 - -  

8 1 3  

9 1 3  

1 0  

11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

125 125 
38 

5O 
25 
38 

1 3  

13 

333 167 63 

M 

Fusarium 

Fusarium oxysporum 

~ i - -  - 13  - I - - - I - -  I - ,  

Fusarium vasin/ectum 

i n  t he  count  would  result  f rom the  g rowth  of each por t ion  of mycel ium.  

A high count  in  a sample  also m a y  arise because the  fungus,  jus t  before 

sampling,  had  sporu la ted  heav i ly  due t o  some recent  meteorologica l  

condi t ion  or t o  some pecul iar  locMized soil condi t ion.  Per iodic  sam- 

plings t h roughou t  the  year  would rec t i fy  th is  condit ion.  As shown by  

W x K s ~  and STAI~KEr (11), dessieat ion or d ry ing  of the  soil samples 

1 Only fusaria of Section Elegans isolated, u Fallowed area. 
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p e r  g r a m  of so i l  i s o l a t e d  a t  d i f f e r e n t  d e p t h s .  

Progreso 
C-46% 

a b c a 

oxysporum f. 3. 

13 63 - -  
- -  1 3  - -  

oxysporum f. 5. 
- -  7 5  - -  

Progreso 
SCL 

b c I 

�9 Los 2 Los Los Tiqui- 

C ~ 3 9 ~  ~ C-- 1% SC 

a b 1 a 

Tiquisate Nagualate 
SCL VFSL 

a b ~ a b 

var. auran t lacum 

63 I - -  - -  ] - -  - -  [ 63 63 - - ]  

var. lutulatum 

I - - I - - -  I - 1 2 5  - i  

m a y  p r o d u c e  a g r e a t  d i f f e r ence  in  coun t s .  T h e  v e g e t a t i v e  p o r t i o n s  a n d  

c e r t a i n  spore  t y p e s  of t h e  v a r i o u s  fu sa r i a  a re  r e a d i l y  k i l l ed  u p o n  d ry ing .  

Al l  s a m p l e s  of soil  a n a l y z e d  in  t h e  p r e s e n t  i n v e s t i g a t i o n  were  p l a t e d  

as soon as poss ib le  a f t e r  co l l ec t i ng  a n d  p r e c a u t i o n s  were  used  t o  p r e w ; n t  

e a c h  f r o m  d ry ing ,  a n d  also t o  p r e v e n t  a e e u m a l a t i o n  of m o i s t u r e  t h a t  

w o u l d  p r o d u c e  a d a m p  c h a m b e r  e f fec t .  T h e  G u a t e m a l a  W e s t  Coas t  

s amples  were  t h e  o n l y  ones  t h a t  were  n o t  p l a t e d  ou t  i m m e d i a t e l y .  

125 - -  63 - -  - -  313 . . . .  
- -  - -  - -  125 

63 
63 

125 
63 

63 
63 

1750 

5. 
63 63  

125 63 
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P r o g r ~ s o  
C - - 4 6 %  

a b c 

v a r .  ~ t ~ n u s o  

P a r a s i t i c  a n d  o t h e r  f u s a r i a  c o u n t e d  in  t r o p i c a l  soils .  

p e r  g r a m  o f  s o i l  i s o l a t e d  a t  d i f f e r e n t  d e p t h s .  

Los 2 Los Los 
Progreso Angeles Angeles Angeles] TlqUi-sate 

SCL C--39~ C--39% C--41~o SC 

a b c I a b I a a a 

63 

T i q u l s a t e  N a g u ~ a t e  
SCL  V F S L  

a b 1 a b 

- -  - -  63 63 - -  

63  63 - -  - -  63 

13 - - -  63  

13 - - -  

88 - - -  

38 - - -  

25 - - -  

25 13 - -  

13 
- 

75 - - -  

25 - - -  

var .  m a r t i i f .  1. 

585 2 3 0 0  1583  6313  5 3 1 3 - -  125  688  3 7 5  I 5 6 3  4 8 5 0  - -  63  

612 1600 1813 938 3875  - -  63 750  500  1188 5788 - -  125 

500  1188  1125 813 938 - -  500  188 250  875 4000  - -  - -  

375  638 875 750 1135 - -  250  563 63 875  1875 

200  525 563 188 1 2 5 0 - -  63  125 63 313 4125  

562 335 500  250  1 7 5 0 - -  313 12~ 25~ 1625 

325 363  63 125 1 0 6 3 - -  375  25( [25 12~ 3438  

188 550  125 - -  313  - -  63 18~ 62 2 5  2063  83  - -  

213 138 313 188 500  - -  63 65 12 8750  167 63 

175 238 - -  63  625 - -  25( 12~ 250  

200 1375  63 125 5 0 0 - -  63 _ 6~ 6e ~ 3 1  563 83 - -  

13 1424  - -  25 0  2 5 0 - -  6 2 5 0  

88 338  - -  - -  375  - -  6~ 563  

75  2 5 0  63  63 63 - -  ' 3 7 5  

150 825 438  63 63 - -  6: 688 

1 0 0  . . . . .  625 

250 - -  - -  - -  375  

100 113 313  63 188 - -  188 

50 500  - -  250  250  

- -  50  500  500  5 0 0 - -  

75  325  63 63 63 - -  

250  - -  1375 

300  250  - 875 

- -  250  125 63 63 " 813 
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Depth 
in 

Inches 

1 
2 

3 

4 

6 
7 
8 

9 
11 
15 
18 
21 
23 

1 

2 
3 
4 
5 
9 

10 
11 
15 

Guaymas 
Peat 

a b 

m 

Table l7(continued). A v e r a g e  n u m b e r  of f u s a r i a  

Guaymas Guay/nas 

v 7 
Ouaymas 
0--41% 

a b' 

Quebrada I Quebrada 
Scea ] Seca 

C--27% FSa 

P r o -  

greso 
C--33% 

& 

Fusariumsolani 

13 
13 

167 
125 

- -  6 3  - -  

Fusariumjavanicum 
13 167 

667 13 167 - -  63 - -  
333 

167 
167 

125 

The  m e d i a  used for  i so la t ions  are  i m p o r t a n t .  This  is especia l ly  t rue  
if a t o t a l  count  of al l  fungi  is to  be ob ta ined ,  as m a n y  fungi  a re  selec- 
t i ve  in  t he  m e d i u m  for growth.  I n  t he  presen t  inves t iga t ion  on ly  one 
genus  of fungi  was i so la ted ,  and  i t  was found  t h a t  the  use of one 
m e d i u m  was h igh ly  successful.  

The  use of ac id i f ied  p o t a t o  aga r  wi th  a p~ of 4.0 4.5 m a y  have  
exc luded  ce r t a i n  fusar ia  and  m a y  have  r educed  the  a c t u a l  count  pe r  
g r a m  of soil  and  poss ib ly  in  r a r e r  ins tances  the  c o m p a r a t i v e  count  
be tween  fusar ia .  ~These possible  va r i a t ions  were no t  considered g rea t  
enough to  change  the  r e l a t ive  condi t ions  and  t h e r e b y  the  genera l  
conclusions.  

W ~ s ~ r A ~  and  STA_RXrY (11) have  shown t h a t  if the  o r d i n a r y  ex t r eme  
d i lu t ions  used for t he  d e t e r m i n a t i o n  of the  n u m b e r  of bac t e r i a  a re  used  

1 Only fusaria of Section Elegans isolated. ~ Fallowed area. 
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p e r  g r a m  of so i l  i s o l a t e d  a t  d i f f e r e n t  d e p t h s .  

Progreso 
C--46% 

a b 

Progreso 
SCL 

a b e 1 

Los 2 
Angeles 
C--39% 

a b I 

Los ] Los I Tiqui- 
Angeles]Angeles l  sate 
C--39% C--41% I SC 

i a a 

Tiquisatc 
SCL 

a b I 

Naguala te  
VFSL 

a b 

var. eumartii. 
- -  6 3  - -  

- -  1 2 5  - -  

63 63 
- -  63 
- -  1 2 5  - -  

- -  6 3  - -  

25 

13 
38 63 - -  

var. lheobromae. 
13 
- -  6 3  - -  

188 - -  - -  

63 

h _ _  _ _  6 3  - -  

125 
63 

125 

I 63 
63 

i 125 
251 

63 
1688 

63 

- -  6 3  

- -  1 2 5  

for the  d e t e r m i n a t i o n  of the  number  of fungi,  the  p robab le  e r ror  involved  
is so g rea t  as to  make  the  resul ts  abso lu t e ly  worthless .  B y  the use of a 
low di lu t ion ,  t h e y  found  t h a t  a more  accu ra t e  count  and  a low probab le  
error  resul ted.  Dup l i ca t e  p la tes ,  or be t t e r ,  t en  p la tes  of each sample  
should  be made  to  ob t a in  the  most  accu ra t e  results ,  especia l ly  if al l  
soil fungi  are  being iso la ted .  The  wr i te rs  found t h a t  in deal ing with one 
group of soil fungi  as t he  fusar ia ,  t h a t  d i lu t ions  of 1/50, 1/250, and  
1/500 were s a t i s f ac to ry  for  the  m a j o r i t y  of di f ferent  condi t ions  en- 
countered .  The  d i lu t ion  of 1/250 was mos t  c o m m o n l y  used, as i t  genera l ly  
gave counts  accu ra t e  enough for  c o m p a r a t i v e  purposes .  

A check on possible  va r i a t ions  in counts  of t o t a l  fusar ia  in t en  dif- 
ferent  samples  of soil showed t h a t  no s ignif icant  difference in numbers  
w~s found  in each sample  when p l a t e d  a t  d i lu t ions  of 1/50, 1/250, and  
1/500. Since twen ty - f ive  d i f ferent  samples  were used for i so la t ion  f rom 
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each soil type in our investigations, and an avcragc of these isolations 
was taken for numbers present in each soil type, it was decided that  
no duplicate plates of each individual sample of the twenty-five were 
necessary. 

In  studying and comparing the various results on distribution, it must 
be borne in mind that  the absence of an organism in the soil, as indicated 
in the various tables ,  does not necessarily mean that  the organism was 
not present. I t  means that  the organism was found to be present in 
numbers per gram of soil equal to that  which the dilution should show, 
or in greater numbers. I n  our studies we have compared counts secured 
from dilutions of 1/50, 1/250, and 1/500. I t  is recognized that  a discre- 
pancy may arise ill certain instances by comparing these counts; i. e., in 
soils in which a particular organism is present in numbers much below 
250 to the gram, the dilution 1/250 would not give a true count. By 
experience, however, in isolations it was found that  only for special 
fusaria and local soil conditions was it necessary to use a dilution as low 
as 1/50 to obtain accurate counts for correlation purposes. ~n depth 
soil isolations it would have been more accurate had we used the 1/50 
dilution. 

In  the evaluation of results from ~he various counts discussed in this 
investigation, only wide differences in results were taken into considera- 
tion for a significant meaning. The significant tcst for the abundance of 
an organism in a soil is the ease in which that  particular fungus can be 
isolated, provided the proper media and technique is employed. After 
having taken into consideration the probable errors that  might enter 
into the present investigation, the authors believe that  the technique 
employed gave a rough, quantitative measurement of the various fusaria, 
tha t  was sufficiently accurate to provide data for use in a relative cor- 
relation between numbers of different fusaria in the soil types in- 
vestigated. 

Twenty four different fusaria, included in eight different Fusarium 
sections, were isolated from the various soil types. The largest number 
of different fusaria were isolated from section Elegans that  includes 
the wilt disease producing organisms. Eight different types were iso- 
lated from this section. Section Martiella contained the next largest 
number with five different fusari~. With the exeption of F. monili/orme 
those fusaria that  were found in greatest abundance in the soil produced 
chlamydospores. 

The identifications of the fusaria were made in Tela, Honduras, and 
verified by the senior author at the Biologischen l~eichsanstalt in Berlin- 
Dahlem, Germany, where access was had to a Fusarium collection and 
consultations were possible with Dr. H. W..~TOLLE~IWEBEI~. The ease 
in which most of the identical types of fusaria were isolated in this 
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investigation as compared with a former investigation for Honduras (4) 
clearly proves that  tile various species and types retain their identity 
and that  the morphological basis, along with the physiological charac- 
teristics on different media, is fundamental for classification purposes. 
The systematic arrangement of the species of Fusarium into sections 
and the nomenclature used in the present paper follows the recent classi- 
fication by WoLr~zqWE~ER (14). 

The results of the classification of the twenty four different fusari~ 
according to the fourteen different soil types, within which they were 
found, shows that  certain types are commonly found in all soils tested, 
while other types were found only in some soil types. One would infer 
that  there are distinct soil fusaria and others that  arc merely soil in- 
vaders whose presence is limited to certain areas, due to some local 
conditions such as the presence of the host plant and a difference in the 
soil constituents. 

Because of their widespread presence in surface or depth of the 
various soil types, the following fungi have been provisionally classified 
as soil fusaria: F. dimerum, F. equiseti var. bullatum, F. monili]orme, 
_Y. bulbigenum, ~'. oxys19orum f. 5, F. oxysporum var. aurantiacum, F. so- 
lani var. minus, F. solani var. martii f. 1, ~'. solani var eumartii, and 
F. ]avanicum var. theobrornae (Hypomyces ipomoeae). 

Because of the scarcity of isolations, and because of special local 
conditions under which some isolations were made, the following fungi 
have been provisionally classed as mere soil invaders: F. decemcellulare, 
F. chlamydosporum, F. semitectum, F. camptoceras, F. diversisporum, F. 
scirpi, F. scirpi var. caudatum, F. monili/orme var. maius, F. orthoceras, 
F. orthoceras var. triseptatum, F. oxysporum, F. oxysporum f. 3, F. vas- 
in]ectum var. lutulatum, and F. ]avanicum var. ensi/orme. 

While a large number of isolations have been made in order to pro- 
visionally classify the various fusaria into soil fungi and soil invaders, 
it is possible that  further studies may, in certain instances, change the 
grouping. I t  may  be that  studies of each soil type at frequent intervals 
throughout the year would establish the true identity of some of the 
types listed in the various classes above. Our long contact with the 
various fusaria classed above leads us to believe that  the classes as given 
are as accurate as can be established for the present. 

A knowledge of the conditions under which the isolations were made 
and the presence of the host, for known pathogens, is essential for a 
true classification from a soil standpoint. An analysis of the various 
tables shelving the numbers of Fusarium oxysporum f. 3 in the  soil 
would lead one to conclude, without taking into consideration the en- 
vironmental conditions under which these isolations were made, that  
this organism is a distinct soil organism. Out of fifteen detailed isola- 
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tions made from different soil types, only five were from areas that  
were not about diseased plants. Three of these were from soils about 
healthy mats, one was from a fallowed area that  had been in diseased 
bananas, and one was in a soil virgin to banana culture. F. oxysporum 
f. 3 was only isolated from the soil about the diseased plants and never 
from the soil about healthy plants, or from the soil virgin to banana 
culture. These same results were obtained in numerous isolations made 
in various parts of the Caribbean region not mentioned in this report. 
Because of the inability to isolate tiffs fungus from soils free from the 
diseased host, it has been classed as a soil invader that  grows in the 
soil about diseased plants. I f  we judge by the results of these isolations and 
former inoculation studies (3), we should conclude that Y. ox?/sporum f. 3 
is a much more distinct parasite than heretofore has been thought to be 
the case. If  F. oxysporum f. 3 is merely a soil invader, closely associated 
with the diseased plant, it would appear that  it has been transported 
primarily by carrying diseased plants to areas virgin to banana cultiva- 
tion, or by the transference of the organism fronl diseased plantations 
to healthy ones through the agency of man, animals, birds, or insects. 
I t  i s highly probable that  this organism was originally introduced into 
the Caribbean region from the :Far East - -  Malay, or India regions 
- -  by transporting diseased banana plants. 

Some apparently pathogenic wilt and rot producing fusaria have 
been isolated from the soil in these and other investigations (2) (4). 
While fusaria classified as pathogens have been isolated from the soil, 
their true pathogenicity has not always been established. Studies made 
with //'. oxysl)orum f. 3 indicate that  this organism is a soil invader 
and a distinct parasite. This belief would lead us to question whether 
or not the supposed pathogens isolated in general soil isolations, without 
the presenee of the host, are so highly specialized. 

.F. oxysporum f. 5 and F. bulbigenum were found to be common soil 
organisms in most of the fourteen type soils investigated. The originally 
described forms of these organisms have been proved to be parasitic and 
produce a wilt of tobacco and a rot of bulbs. The question of whether 
or not these two fusaria collected in tropical soils will cause a wilt or rot of 
their respective hosts remains to be proved. The only determined 
pathogen isolated in the present investigation was F. oxysporum f. 3 that  
causes a wilt of the banana (3). The fact that  F. oxysporum f. 3, in these 
investigations, could only be isolated from the soil about diseased banana 
plants and could not be isolated from soil about healthy banana plants, 
or in soils virgin to banana growth would lead one to believe that  it is 
only an occasional soil invader and requires the host plant for a pro- 
longed existence. The abundance of F. oxysporum f. 5 and F. bulbigenum 
in the absence of their host plants, would indicate that  they ate not so 
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highly specialized from a disease standpoint as is the case with F. 
oxyaporum f. 3. 

Whether or not those species collected in tropical soils and deter- 
mined as known pathogens in the temperate zone, actually will produce 
the wilts or rots and decays on their principal hosts remains to be proved. 
Systematic inoculation investigations on different host plants are essen- 
tial for a determination of the parasitic nature of these types of fusaria. 

The number and distribution of the various organisms isolated varied 
in the twenty-five square areas analyzed in each one hundred square 
foot area. Some organisms were found to be equally distributed through- 
out, while other organisms were not so uniformly distributed. The 
absence of fungi in certain squares may have been due to the fact that  
the particular dilution used for isolating was too great to include those 
fungi that  may have been present in lower numbers. Fusar ium 8olani 
var. martii f. 1 was present generally in all squares of soil in most of 
the soil types analyzed. The number of organisms found in each square, 
when all soil types are considered, varied from 250 to 143,500 per gram 
of soil. The latter unusually large number found in one square probably 
was due to that  particular sample having been taken in a localized area 
where sporulation had just taken place. Apparently the soil type does 
not have, in all cases, such a distinct influence on the ability of this 
typical soil fungus to grow, as is true with some other fusaria. In  the 
case of soil invaders it is probable that  these organisms are localized in 
different soil types according to the vegetative growth present. The 
distribution of E. equiseti var. buUatum and F. oxysporum f. 5 was fairly 
regular, but not so uniform as F. solani var. martii f. 1. 

Apparently a correlation exists between the average number of 
fusaria per gram of surface soil, the texture, and the pm According to our 
findings, some of the more common soil organisms apparently grew better 
in the heavier soil than in the light textured softs, but the majority 
preferred the lighter textured soils. Most of the more common soil 
fusaria investigated preferred an acid soil to an alkaline soil. The most 
common soft _Fusarium, F. solani var. martii f. 1, apparently preferred 
the alkaline soils. The apparent ability to grow better in lighter textured 
soils may be due to a mere physical factor or to an oxygen relationship, 
but from studies made elsewhere it would seem that  it is due to a com- 
bination of these factors with differences in the chemical constituents 
of the soil (10). Undoubtedly the pR value of these soils is not the only 
factor that  influenced the development of the fungi. Other investiga- 
tions (10) have shown that  frequently the total abundance of some 
organisms is a function of the soil reaction. 

Apparently fallowing the soft in a semi-arid region has a pronounced 
effect, during the dry period, on reduction in numbers of fusaria, at least 
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in the surface one inch. F rom one to three inches and lower the effect 
of fallowing was not so noticeable. Irr igat ion in these semi-arid regions 
might also have an effect influencing growth of surface fusaria, the 
larger population occurring in the areas tha t  are uniformly irrigated. 
This la t ter  point was not definitely established. Apparent ly  the number  
of fusaria present in a semi-arid region may  be, in certain instances, 
smaller than  in the tropical areas with a more equal distribution of 
rainfall. No definite correlations were found for these la t ter  factors. 
Common soil fusaria, however, were present in varying numbers in the 
soil types of the semi-arid region, as well as in the soil types with a 
larger and more equal distribution of rainfall. Conclusions must  be 
guardedly drawn when only two soil factors are considered, as the 
organisms growing in the soil are subject to all of its components. I n -  
vestigations made by  W)~KS~_~ (10) and others apparent ly  have shown 
this to be the case. WAKS~X and STARKEr (l])  have pointed out tha t ,  
"The soil is inherently a complex system, where chemical, physical, 
and biological systems are act ive".  Also tha t  "The composition of the 
soil microbial population, both  qualitatively and quantitatively,  is thus 
a resultant of numerous factors, which can be t raced to the soil and 
atmospheric agencies, as well as to the nature of the plant  and animal 
populations".  

Depth soil isolations showed tha t  in general most fusaria thr ive best 
in the surface one-half inch of practically all soil types investigated. 
The one exception apparent ly  is development in the fairly light textured 
soil in the semi-arid regions of the Guatemala  West Coast where a hot  
and dry surface soil exists throughout the d ry  season, Isolations made 
at  the end of the dry season indicated that ,  especially in the fallowed 
area, the fusaria were found on the  average in the greatest  abundance at  
and below the first inch of soil. Most fungi are distinctly aerobic orga- 
nisms and would natural ly be expected to be present in largest numbers 
in the surface soil where a relatively high oxygen content is present. 
Generally there is more organic mat te r  in the surface soft and this also 
would be a factor tha t  might produce a more favorable condition for 
development.  

The da ta  obtained in the depth soil isolations show tha t  the number  
of fusaria generally decreases rapidly with the depth. Very few of the 
different fusaria isolated were found in any  great  abundance below 15". 
Some of the fusaria penetrate deeper than  others and generally are found 
further  down in the lighter textured soil than  in those with a greater 
per cent of clay. Fusarium solani var. martii f. 1 was the most common 
depth soil fungus. In  certain soils it was found in abundance down 
to 24" and undoubtedly penetrated deeper. Fusarium equiseti var. 
bullatum also was found scattered generally through many  soil types 
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down to 24". Some fungi, while not generally found in the major i ty  
of the surface soil types were found to be present in the depth soil of 
some of the soil types. �9 These fungi were from section Martiella. The 
ability to grow in many  soil types should not be the only criterion of 
a soil fungus. I f  fungi thrive in the soil down to 15" or 24", especially 
in heavier textured soils and soils with normal organic content at  this 
depth, it appears tha t  they should be regarded as soil organisms, at 
least for tha t  particular soil type. 

V. S um m ary  and Conclusions. 
1. Fifteen tropical soils, of which fourteen were distinct soft types, 

were investigated for the presence of parasitic and other species in 
the genus ~Vusarium LINK, of the so-called "fungi imperfecti".  The 
relative number  and distribution per gram of soil for these fusaria 
were determined for each different soil type  and condition. 

2. A var ie ty  of soil and meteorological conditions are represented in 
the investigation. 

3. The method of sampling soils and plating for determination of 
kind and number  of fusaria, we believe, gave a rough, quanti tat ive 
measurement, t ha t  was sufficiently accurate to provide da ta  to deter- 
mine which of these fusaria were true soil organisms and which were 
merely soil invaders, and to determine whether these soil fusaria varied 
according to the different soil types and climatic conditions. 

4. Ordinary acidified potato agar, with a p~ of 4.0--4.5, was used 
for isolations. By the use of acid media the bacteria were excluded, but 
the fusaria were favored. 

5. Twenty-four different fusaria, included in eight different tVusarium 
sections, were isolated from the various soil types. 

6. The largest number  of different fusaria isolated were from section 
Elegans tha t  includes the vascular wilt disease producing organisms as 
well as others less specialized or not as well known from a disease stand- 
point. 

7. The results of the classification of the twenty  four different fusaria 
according to the fourteen different soil types, within which they were 
found, show tha t  certain types are commonly found in all soils tested, 
while other types were found only in some soil types. 

8. The different fusaria isolated were classed according to their 
ability or lack of abili ty to develop generally in the surface and depth 
of various soil types into two classes; i. e., typical  soil fusaria, and soil 
invaders. 

9. In  the case of wilt producing fusaria, such as Fusarium oxysporum 
f. 3, the presence of the host apparent ly  influences their ability to develop 
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in soils. The determination of this factor is of u tmost  importance in 
placing fungi of this character  into one of the two classes. 

10. .Fusar ium oxysporum f. 3 was only isolated from soil types about  
wilt diseased banana plants. I t  was never isolated about  heal thy banana 
plants in d i sease - - f r ee  areas nor in soil types virgin to banana culture. 

l l .  From the results of these investigations, Fusarium oxysporum f. 3, 
has been considered as a distinct parasite, being much more highly 
specialized in this respect than  heretofore generally supposed. I t  is very 
closely associated with its diseased host. 

12. Fusarium oxysporum f. 5 and Fusarium bulbigenum were found 
to be common soil organisms in the fourteen soil types investigated. The 
former produces a wilt of tobacco and the la t ter  a rot  of bulbs. Their 
abundance in tropical soils, in the absence of the host plants, would 
indicate tha t  they are not so highly specialized from a disease standpoint 
as is the case with F. oxysporum f. 3. 

13. The number and distribution of each fungus isolated in surface 
and soil depth varied according to  soil type.  

14. Apparent ly  a correlation exists between the average number  of 
fusaria per gram of surface soil and the texture  and the pH. I n  the 
various correlations, conclusions must  be guardedly drawn, when only 
two factors are considered, as the organisms growing in the soil are 
subject to all of its components. 

15. Surface and depth soil isolations show that ,  in general, m o s t  
fusaria thrive best in the surface one-half inch of practically all soil types 
investigated. We may  have an exception to this in those lighter textured 
soil types in semi-arid regions ~dth a hot and dry  surface. In  this case 
the fusaria may  be more prevalent f rom the first to the third inch depths 
and in some instances a t  lower depths. 

16. Some fusaria penetrate  deeper than  others, most being found to 
penetrate deeper in the lighter textured soils. 

17. Very few of the different fusaria isolated were found in any 
great abundance below 15". Some of them were present in abundance 
down to at least 24" where our sampling stopped. 

18. Because of their  wide spread presence in surface or depth of the 
various soil types, the following fungi have been provisionally classified 
as soil fusaria: 2'. dimerum, F. equiseti var. bullatum, F. moniliforme, 
F. bulbigenum , F. oxysporum f. 5, F. oxysporum var.  aurantiacum, .F. 
solani var. minus, .F. solani var. martii f. 1, F. solani var. eumartii, and 
F. ]avanicum var. theobromae (Hypomyces ipomoeae). 

19. Because of the scarcity of fungi, and because of special local 
conditions under which some isolations were made, the following fungi 
have been provisionally classed as mere soil invaders:  F. decemcelluIare, 
F. chlamydosporum, F. semitectum, .F. camptoceras, F. diversisporum, $'. 
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scirpi, F. scirpi var. caq~datum, F. monili/orme var. maius, F. orthoceras, 
F. orthoceras var. triseptatum, F. oxysporum, ~'. oxysporum f. 3, F. vasin- 
]ectum var. lutulatum and 2'. ]avanicum var. ensi/orme. 

Zusammenfassung der Ergebnisse. 
1. 15 tropische BSden, yon denen 14 der Art  nach verschieden waren, 

wurden auf den Grad ihrer Verpilzung durch pflanzenparasit/ire und 
andere Vertreter  der Formgat tung .F.usarium :LINK der sogenannten 
,,fungi imperfecti"  gepriift durch Feststellung der Zahl keimfiihiger 
Elemente je Gramm des Bodens unter  genauer Best immung der in den 
versehiedenen Bodensehichten vorhandenen Siehelsporlinge. 

2. Eine Anzahl Boden- und Kl imafaktoren sind bei der Unter- 
suchung beriicksichtigt worden. 

3. :Nach der Art  der Probeentnahme 1/il~t sich die .Fusarium-Flora 
der gepriiften BSden quant i ta t iv  verh~ltnism/tf3ig gut seh~itzen, ebenso 
ihre Abh/ingigkeit von Faktoren  des Bodens, Klimas und Pflanzen- 
wuchses erkennen und ihr Anteil an heimischen bzw. eingewanderten 
Pilzen beurteilen. 

4. Als Nhhrsubstrat  aller isolierter Prize diente ein dureh Zusatz von 
M_ilchs/iure auf eine Wasserstoff-Ionenkonzentration yon 4,0--4,51o~ ab- 
gest immter Kartoffelsaftagar.  Durch diese Ans/~uerung wurden Bak- 
terien zuriickgehalten, Fusarien dagegen begiinstigt. 

5. 24 verschiedene Fusarien aus 8 Gruppen wurden aus den betref- 
fenden BSden.isoliert. 

6. Die hSchste _~usarium-Ziffer in den B5den betraf  die Gruppe 
Elegans mit  einigen bekannten Erregern gefiiBparasithrer Welkekrank- 
heiten sowie anderen, weniger spezialisierten oder noch stritt igen Ver- 
tretern. 

7. Gewisse Fusarien fanden sich in allen untersuchten Bodenklassen, 
andere dagegen nur in einzelnen BSden. 

8. Nach dem Vorkommen in den verschiedenen BSden und deren 
Schichten kSnnen einige Fusarien als heimische, andere als eingewanderte 
Vertreter  der Bodenflora gelten. 

9. Bei dem Erreger der Bananenwelke, F~sarium oxyspor~tm f. 3, iibt 
die Gegenwart der Wirtspflanze offenbar einen beherrschenden Einflul~ 
auf seine Bodenverbreitung und damit  auf seine Einreihung in eine der 
beiden Herkunftsgruppen aus. 

]0. Fusarium oxysporum f. 3 war nur im unmittelbaren Bodenbereich 
kranker Bananen bzw. an der Pflanze selbst nachzuweisen, niemals 
dagegen im Bodenbereieh gesunder Bananen, noeh in BSden, die nie- 
mals Bananen getragen hatten.  

11. Nach den Untersuchungsergebnissen scheint fusarium oxy- 
sporum f. 3 in viel hSherem MaBe, als man friiher vermutete,  spezialisiert, 
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d.h.  an anf~llige Sorten seiner Wirtspflanze aus der Gattung M~sa ge- 
bunden zu sein. 

12. Auff~llig war die Feststellung yon _Fusarium oxysporum f. 5 und 
F. bulbigenum als gewShnliche, in 14 untersuchten tropischen BSden ver- 
breitete Vertreter  der Bodenpilzflora, zumal ersterer Pilz Tabakwelke, 
letzterer Blumenzwiebelfhule in der gem~l~igten Zone bewirkt. Ihre 
Verbreitung in tropisehen BSden unter Aussehlul3 ihrer speziellen Wirts- 
pflanze deutet  auf eine geringere Spezialisierung bin, als sie bei iT. oxy- 
spor~m f. 3 zu erkennen ist. 

13. Die Zahl und Verbreitung der aus oberfl/~chlichen und tieferen 
Bodenschichten isolierten Prize war je nach Bodentyp versehieden. 

14. Die Zahl der Fusarienkeime je Gramm der Bodenkrume scheint 
abh/ingig zu sein v o n d e r  Zusammensetzung sowie yon der Wasserstoff- 
Ionenkonzentration des Bodens, ab6r auch yon anderen Faktoren, die 
modifizierend auf die Pilzflora einwirken mSgen. 

15. lVusarium.Isolierungen aus oberfl~tchlichen und tieferen Boden- 
schiehten liel3en erkennen, dab die meisten Fusarien in den ersten 2 cm 
der Bodenkrume am besten gedeihen. ~ u r  in den leichteren BSden 
halbtrockener Gebiete finder sieh eine reichliche _Fusarium-Flora auch 
in 2--7 cm unter der BodenoberflKche liegenden Schiehten, gewisse 
Fusarien sogar in noch grSBerer Bodentiefe. 

16. Einige F~sarium.Arten dringen tiefer als andere in den Erd- 
boden ein; die meisten erreichen in leiehteren BSden die grSl]te Tiefe. 

17. Sehr wenige der isolierten Fusarien wurden in grS/3erer Anzahl 
tiefer als 38 cm uriter der Oberfl/tehe im Boden nachgewiesen, jedoch 
fanden sieh einzelne sogar in Bodentiefen bis 60 cm, Unter welche die 
vorliegenden Studien nieht hinabreichten. 

18. Wegen ihrer aul~erordentliehen Verbreitung in oberflachlichen 
und tieferen Schiehten versehiedener BSden kSnnen folgende Fusarien 
vorl~ufig als typisehe Bodenpilze angesprochen werden: 

Fusarium dimerum, F. equiseti v. bullatum, F. monili/orme, F. bulbi- 
genum, F. oxysporum f. 5, .F. oxysporum v. aurantiacum, _F. solani v. 
minus, 2'. ~olani v. martii f. 1, .F. solani v. eumartii und iv. ~avanicum v. 
theobromae (-~ Hypomyces ipomoeae). 

19. Wegen der Seltenheit Jhres Vorkommens und der besonderen 
6rtlichen Bedingungen, un te r  denen die Isolierungen vorgenommen wur- 
den, sind folgende Fusarien zun~chst als Gelegei~heitsg~ste des Bodens 
betraehtet  worden: 

_~usarium decemcellulare, ~v. chlamydosporum, F. semitectum, t~. 
camptoceras, F. diversisporum, F. scirpi, F. scirpi v. caudatum, F. monili- 
]orme v. maius, F. orthoceras, F. orthoceras v. triseptatum, _~. oxysporum, 
_~. oxysporum f. 3, ~F. vasin/ectum v. lutulatum und /v. ~avanicum v. 
ensi/orme. 
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