
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

1977 

The Use of Plant Tissue Culture Techniques for Studying the The Use of Plant Tissue Culture Techniques for Studying the 

Growth of Morel Growth of Morel 

James Wassom 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

Recommended Citation Recommended Citation 
Wassom, James, "The Use of Plant Tissue Culture Techniques for Studying the Growth of Morel" (1977). 
Electronic Theses and Dissertations. 5116. 
https://openprairie.sdstate.edu/etd/5116 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 

https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F5116&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/5116?utm_source=openprairie.sdstate.edu%2Fetd%2F5116&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


i 
c 

� 
i 

! 
> IC w Q z 
iii 
z c 0 
i w 
� c 
>. CD 
"Cl 

J 

. I 

THE USE OF PLANT TISSUE CULTURE TECHNIQUES 

FOR STUDY ING THE GROWTH OF MOREL 

BY 

JAMES WASSOM 

A thes is submitted 
in partial ful fil lment of the requirements for the 

degree Master of S c ience , Ma j or in 
Botany-Biology , South Dakota 

State Univers i ty 
1977 

SOUTH DAKOTA STATE UNIVERSITY-LIBRARY 



THE USE OF PLANT TISSUE CULTURE TECHNIQUES 

FOR STUDY ING THE GROWTH OF MOREL 

This thesis is approved as a creditable and independent inves ti

gation by a candidate for the degree , Mas ter of S c ience , and is 

acceptable as meeting the thesis requirements for this degree , but 

without imp lying that the conclusions reached by the candidate are 

necessari ly the conclus ions of the maj or department . 

,·) Thesis Advisor Date 

Head , Botany-Biology.�epa rtment / D��e . / 



ACKNOWLEDGMENTS 

The author would l ike to express his appreciation to his advisor , 

Dr . David Holde n , for the valuable guidance and support that was 

gene rous ly given throughout the study . 

In addition , the author expresses his thanks to the many people 

who o f fe red valuable suggestions , inc luding Dr . Paul Evenson who 

suggested methods for statist ical evaluation . 

JJW 



TABLE OF CONTENTS 

INTRODUCTION . • . 

LITERATURE REVIEW 
Spores and Spore Germination 
Sc lerotia . . . . . . . • . . 
Conidia . . . . . . . . . . . . 

Stages o f  Sexua l Reproduction . . . . . . 
Geographical D istribution . . . . . 

Habi tat . . . . . 

Season . . . . . . . . . . 

Associated P lants . . . . . . . . 
Conditions Favorable to Fruiting 
Unusual Occurrences . . 

Produc tion by Hor ticul tural Methods . 
Nutri t ion . . . . . . . . . . . 

Compos i tion . 

MATERIALS AND METHODS 

RESULTS 
Nitrogen . . . . . . . . 
Potass ium . 
Phosphorous . . . . . 

pH . . . . 

Sugars 
Response to Fluc tuating Nutrient Leve ls 
Vitamins . . . . . . . 

Organi c  Compounds . . . 
P l ant Growth Regulators . 
Nutritional Factors Influencing Sclero t i a  

Format ion o n  Agar Media . . . . 

Analys is o f  Tissues by Microscope . . . . • 

D ISCUSS ION . . . 

Nitrogen Source and Concentration . 
Carbon Source . 
Potassium . 
Phosphorous . . 

pH . . . . . 
Nutrient Avai labil ity 
Other Factors . 
Sclerotia 

CONCLUS IONS 

Page 

1 

2 
2 
3 
3 
4 
4 
4 
5 
6 
7 
8 

11  
11 
13 

15 

21 
21 
2 3  
2 3  
2 3  
2 7  
2 8  
30 
3 1  
3 2  

3 2  
3 4  

3 6  
3 6  
3 7  
3 9  
3 9  
3 9  
4 1  
4 1  
4 3  

4 5  



LIST OF F IGURES 

Figure 

1 .  More l s  that were found near the base o f  a dead 
e lm tree 

2. More l s  found in the flower shop basement at 
Lafayette , Indiana 

· 3 .  Typical myce l i a l  mats be fore drying and wei ghing 

4 .  Growth o f  Morche lla.myce lium with four ni trogen 
source s suppl ied at five concentrations . . . . . 

5 .  Relationship between growth o f  Morche l l a  a n d  the 
concentration of potass ium nitrate in the med ium 

6 .  Growth o f  Morche l l a  with d i f ferent concentrations 
o f  phosphate ion in the media . • . . . . . . 

7 .  Growth o f  Morchella on media having variable 

8 .  

9. 

10. 

11. 

initial pH 

Re lation ship between growth o f  Morche l l a  and the 
concentration of sucrose in the med i um . . . . 

Typical culture growing on a peat pel le t  a f te� 
4 week s of growth . . . . . . . . . . . • . . . 

Myce l ia l  pad s  that formed on agar 

Paraf f in sect ions of myce l ial pad and s c lerotia 

Page 

9 

9 

20 

. . 22 

. . . . 24 

. . . 2 5  

. . . 26 

29 

30 

34 

3 5  



Table 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

LIST OF TABLES 

Growth with d i f ferent carbohydrates and with 
two nutrient salt solutions . . . .  

Growth with d i f ferent vitamins added to the med i a  

S tandard medium . . . 

Analysis o f  Variance : Nitrogen tests 

Analysi s  o f  Variance : Variable potas sium n i trate 

Analys i s  o f  Variance : Phosphate 

Ana ly s i s  o f  Var iance : Variable ini t i a l  pH 

8 .  Ana lysi s  o f  variance o f  culture s  grown with 
d i f ferent sugars and the standard , unbuf fered 

9 .  

1 0 .  

11 . 

1 2 . 

1 3 . 

1 4 . 

1 5 . 

1 6 . 

1 7 . 

medium 

Analy s i s  o f  variance o f  culture s grown with 
d i f ferent sugars and increased leve l s  o f  NPK 

Analys i s  o f  Variance : 
concentrat ion . . . . 

Analysi s  o f  Variance : 

Analys i s  o f  Variance : 

Analys i s  o f  Variance : 

Variable sucro se 

Vitamins 

Sporocarp homogenate . 

Potato extract . 

S ign i f icance o f  d i f ferences between treatment s  in 
the n itrogen te sts as evalua ted by Tukey ' s  omega 
te s t  ( levels within sources ) .  . . . . . . . . 

S igni ficance of d i f ferences between trea tment s  in 
the n itrogen te sts as evaluated by Tukey' s  omega 
te st ( sources within sources ) . . 

S igni f icance o f  d i f ferences among culture s  
rece iving variable leve l s  of potas s ium n itrate 
a s  evaluated by Tukey' s omega te s t  . . .  · . . . .  

S igni ficance of differences among culture s receiving 
pho sphate , as evaluated by Tukey ' s  omega te s t  . . . .  

Page 

2 8  

3 1  

so 

51 

5 1  

51 

52 

52  

52  

52  

5 3  

5 3  

5 3  

5 4  

5 5  

5 6  

5 5  



Table 

18. S igni fi cance o f  d i f ferences among cultures on 
media with variable initial pH , as evaluated by 
Tukey's omega tes t . . . . . . . . . . . . . . 

19 . S ign i f icance o f  d i f ferences between cultures 
rece iving d i f ferent sugars and the s tandard , 
unbu f fe red medium , as evalua ted by Tukey's 

20. 

2 1 . 

2 2 . 

2 3 .  

24 . 

omega tes t 

S igni ficance o f  differences between cultures 
grown on media having different sugars and wi th 
increased levels o f  NPK , as evaluated by Tukey's 
omega test . . . . . . . . . . . . . . . 

S ignificance o f  d i f ferences between cultures 
grown on media having d i f ferent sucrose concentra
t ions , as eva luated by Tukey's omega test . 

S ign i ficance o f  d i fferences between treatments 
with potato extract in the media , as eva luated 
by Tukey's omega test . . . . . . . . . . . .  

S i gn i f icance of d i f ferences between treatments 
with d i f ferent amounts of sporocarp homogenate 
in the med ia , as evaluated by Tukey's omega tes t  

Evaluation of vi tamin treatments by Dunnett ' s  
test . • . . . . . . . . . . . . . . . . . . 

Page 

5 8  

5 7  

5 7  

5 8  

5 8  

5 8  

5 9  



LITERATURE CITED . 

APPENDIX A . 

APPENDIX B . 

APPENDIX C . 

Page 

4 7  

so 

5 1  

5 4  



INTRODUCTION 

Like a l l  mushrooms, the morel mushroom is a fungus . More ls are 

the fruiting bodies produced by member s  of the genus, Morche l la . More ls 

are o ften considered to be in a class wi th truff l e s  by mushroom hunters . 

Unlike other mushrooms , the more l  i s  not toads tool shaped , but 

look s more like a sponge on a s talk . This makes i t  easy to identi fy . 

There are no poi sonous mushrooms that resemble morel s . 

Mor el s  are widely distributed . Mor e l s  are known to occur in North 

America , Europe , and I srae l . They are found in a wide variety of topo

graphi e s , from mountains to plains . They may be found on grasslands , 

orchards , and fore sts. 

The time of fruiting is almost always in the spring . More l s  have 

also been found in the summe r  and fal l, but thi s is rare . Frui ting of 

Morchel la i s  unpredictabl e . Sporocarps may be found in large numbers 

one year and not reappear in the same area for many years . 

In spite o f  widespread popularity, Morche lla has never been grown 

to the sporocarp s tage in pure cultur e . Like other mushrooms , morels 

are sources o f  proteins and B-vitamins . 

The purpos e  o f  this study has been to gather information on the 

physiology o f  Morche lla . The response to various nutritional factors was 

evalua ted in terms o f  amount of growth , and morphogenetic response s .  It 

was hoped that by varying different factors o f  the medium , it would be 

possibl e  to find the factors leading to sporocarp formation . 
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LITERATURE REVIEW 

The more l mushroom has been studied for almos t 1 0 0  years . Ecolo

gical s tudies , s tudies of growth in pure culture , and studies of growth 

on natural materials such as compost , have been per formed . 

The ultimate goal o f  most researchers has been the study of the 

s timulus for sporocarp formation . There are some reports o f  success in 

obtaining sporocarps us ing natura l materials in non-sterile conditions , 

but a repeatable method us ing these techniques has apparently not been 

found . 

. Researchers have stud ied nutritional requirements , as we ll as the 

e f fe c ts o f  variable environmental stimuli . A sporocarp has never been 

obtained in pure culture . However , it  has been found that the myce l ium 

may be success fu l ly and economically grown on a commerci a l  scale for use 

in human foods . 

In formation on the l i fe cyc le of Morche ll a  is incomple te . I t  is 

known that sclerotia may be formed . Some workers repor t  that a conidial 

stage exists . I t  is not known whether the formation o f  s c lerotia or 

conidia precede sexual reproduction , or if they are de tours from the 

path to sporocarp formation . 

Spores and Spore Germination 

Spores of Morche l la wi l l  germinate as soon as they are provided 

with favorab le moisture and temperature conditions . Falck ( 192 0 )  found 

that spores would germinate in a petri dish containing agar or ge latin .  

Upon germination , a spore o f  Morchella may g iye r ise to more than.one 

hyphae ( Falck , 192 0 ;  Wi l liam and Wi l l iam-Enge ls , 1956 ) . 
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Sclerotia 

S clerotia are sometime s formed by the Morche l l a  mycelium ( Singer, 

1961; Cailleux, 1969; Baker and Matkin , 1 9 5 9; Sander son, 1 9 6 9 ) . The 

function o f  the se sclerotia has not been determined . Conrad ( 1 958 ) stated 

sc lerotia supply nutrients for deve loping Morchel la sporocarps . Falck 

( 1920) sugge s ted that Morchella sporocarps may ari se from sclerotia . 

General ly speak ing, sc lerotia may be involved in the development 

o f  fruiting bodies, or they may function as s tructur e s  for vegetative 

reproduc tion and survival ( Ainsworth, 1 966; Cochrane, 1 9 5 8; Town send and 

Willetts, 1954;  Hawker, 1957) . Sclerotia are re s i s tant to unfavorable 

conditions and may remain viable in corked test tubes from two months to 

more than s i x  years (Ainsworth, 1 965; Hawker, 1 9 5 0 ) . Sclerotia contain 

s torage material s necessary for the resumption of growth in favorable 

condi tions (Ainsworth, 1 966 ; Hawker, 1 950 ; Townsend and W i l letts, 1954 ) . 

Mol l iard ha s reported growing sclerotia o f  Morche lla on sterile, moist 

bread . They were large and resembled sporocarps in appearance and taste, 

but they never formed asci ( Brock, 1 9 5 1 ) . 

Con idia 

Cons tantin ( 19 3 6 ) , Cail leux ( 19 69 ) , and Mol l i ard ( Brock, 1951 ) 

have reported a condidial stage o f  Morchella . Thi s  conidial stage i s  

usua l ly clas s i fied as a Fungi Imperfecti , a n d  c a lled Constantinella 

cristata . Cai lleux ( 19 6 9 )  has tried numerous trea tment s  in order to 

germinate the conidia, but without succe ss . 
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Stages o f  S exual Reproduction 

I n formation on sexual reproduction by Morche l la i s  limited . Plas

mogamy occurs shortly be fore ascus development ( Singer , 1 9 6 1 ; Gries, 

1940 ) . Gries ( 1 940 )  s tudied fruiting bodies o f  Morche l l a  in various 

s tage s o f  dev e lopment . He found that plasmogamy was accompli shed by 

fusion o f  vege tative hyphae. Gries ( 1940 ) found that plasmogamy occurred 

in the subhyrnenium, or j ust below it . The vegetative hyphae fuse, giving 

rise to a binucl eate cell, that has one nucleus from each cell. This cell 

may become the ascus, or short ascogenous hyphae may be produced . The 

end c e l l  becomes the ascus. Hook formation, c ommon to a s comycetes, does 

not occur. Gries ( 1940 ) found that e longation o f  the s t ipe followed 

plasmogamy. Falck ( 19 20 )  stated that growth in preparation for sporocarp 

formation occurs near the soil surface . 

Geographical Di stribution 

Morchella is found in many countries and on di f fe rent continents .  

I t  i s  common throughout Europe and North America ( Singer, 1961 ; Conrad, 

1 9 58 ) . Morche l l a  i s  found in certain parts o f  Mexi co and Israel ( Rod

riguez and Herrera , 1962 ; Nemlich and Hershenzon, 197 2 ) . 

Habitat 

Morel s  are not limited to any particular topography • . They may be 

found on mountains, hil l s, or plains ( Delmas and Bunel, 1 97 4 ) . Sandy 

soi l s  may be better than finer texture soi l s  (Fri eden, 1 96 9 ) . In I srae l, 

morels were found on sandy loam soil, rich in humus {Nemlich and 

Herschenzon, 1 9 7 2 ) . 
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Soi l  moi sture i s  an important factor in relation to sporocarp pro

duction by Morche l l a . The soi l  must be moi s t, but not saturated . Dry 

soil doe s not favor fru i ting of Morchel l a  (Delmas and Bune l ,  1 9 74 ) . 

Sanderson ( 1 969 ) measured moisture content o f  soi l s  whe re sporocarps were 

found . He found that soil water content (w/w ) averaged 3 1 . 9% at a depth 

of 1 inch and 2 3 . 3 %  at 4 inches . 

Morche l la i s  more like ly to fru i t  on soi l s  having high organic 

matter contents ( De lmas and Bune l , 1 9 7 4 ) . Sanderson ( 1 9 6 9 )  found that 

soi l organi c  matter ranged from 7 . 2 % to 20 . 1 % a t  fou r  locations in South 

Dakota . Sanderson ( 1 969 ) found that mycel ium from which sporocarps arose 

appeared to be more o ften as sociated with l iving than dead materials . 

Delmas and Bune l ( 1 97 4 ) measu red the C : N  ratio where morel s  were 

found . They found the C : N ratio to range f rom approximate ly 10 to 20 . 

They a l so found that morels were found on soi l s  that wer e  high in 

potassium and phosphoru s .  

Morel s  are u su a l ly found where the soi l  pH i s  near neu tral . 

Sanderson ( 1969 ) found that soil pH ranged from 6 . 5  to 6 . 7 at a depth of 

1 inch , and from 6 . 9 to 7 . 05 at 4 inche s. Grainger ( 1 94 6 )  found that 

morels had d i sappeared from an area near Hali fax , Scotland after a period 

of over 1 50 y ears . Dur ing this period the soil pH had changed from 

neutra l to acidic. De lmas and Bune l  ( 1 9 7 4 ) found Morchel l a, sporocarps 

on soil with pH ranging from 5 . 5  to 8. 0 .  D i f ferent spe c i e s  were associ

ated with d i f ferent pH ranges .  

Season 

Morel s  are u sually found in the spr ing . The exact date depends on 

the c limate . Morel s  appear from February , in the Southern state s , to 
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early June in Michigan ( Conrad, 1958; Barte l li , 1 9 6 9 ) .  The fruiting 

season lasts two to four week s ( Sanderson, 1 9 6 9; Alexopoulus , 1962 ) .  In 

1 9 67 and 1 9 6 8  Sanderson ( 1969 ) found morel s  from late Apri l , at Yankton, 

South Dakota through late May, at Pierre , South Dakota . 

De lma s and Bune l ( 1974 ) reported that more l s  appeared when tempera-

tures ranged from 8 to 16°c .  Sanderson ( 1969 ) measured soi l  temperatures 

where morel s  were found . At the 1 inch to 2 inch depth , temperature s 

0 
ranged from 6 to 1 7  C .  

Morchel la i s  known to fruit at other time s o f  the year , but this 

i s  rare . Krieger ( 19 6 7 ) and Frieden ( 19 6 9 )  say i t  is rare ly found in the 

fall . More l s  have been found in October in Michigan ( Barte lli , 1 96 9 ) . 

Morels were reported in August , at Yankton , South Dakota ( Sanderson, 

1 9 6 9 ) . Moser ( 1 94 9 )  reported finding large numbers o f  morel s  from May 

through the summe r  and into September o f  1 9 4 8. He a l so reported a single 

morel in November .  

As sociated P l ants 

More l s.are found in a s sociation with a wide vari e ty o f  higher 

plant s .  They are found both in coniferous and deciduous forests, as 

wel l  a s  gra s s lands ( Christensen, 1943 ; Krieger , 1 969 ; Frieden, 1 96 9 ) . 

De lmas and Bune l ( 19 74 )  reported that 4 8 %  were in thin woods and brush, 

2 1 %  in open terrain , 1 2 %  in c learings in woods, and 8 %  were in thick 

wood s . Untended orchards are e specially good producers o f  morels 

( Chri s tensen, 1 945 ) . Morel s  are often found near Jerusalem artichokes 

( Bake r  and Matkin, 1959 ) . Roze reported finding Morchella parasiti zing 

rhi z omes of Jerusalem artichoke (Brock, 1 9 51 ) . 
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I t  i s  not known what relationship Morch e l l a  has with h igher 

plants . Repin , in 1 9 01 , e stablished that Morchel l a  i s  able to exist 

saprophytica l ly ( Brock , 195 1 ) . S inge r ( 1961 ) has sugge sted that 

Morchella needs to grow parasitically to enter the reproductive phase . 

S inger ( 19 6 1 ) has a l so sugge sted that Morche l l a  may be a facul tative 

mycorrh i zae . Sanderson ( 1969 ) de scribed Morchel la myc e l ium concentrated 

around l iving roots , but not as a mycorrhizal form . 

Conditions F avorable to Fruiting 

Morel s  are more l ikely to be found near plants that have been 

inj ured . More l s  are o ften found near dead or dying .e lm tree s , Figure 1 

( Barte l l i , 1969 ) . They are often found where tre e s  have been cut down 

( Bartel l i , 1 9 6 9 ; Sanderson , 196 9 ) . 

Morche l la commonly fruits in l arge n umbers the spring fol lowing a 

fire (Mci lva ine , 1 9 02 ; Christensen , 1 9 4 3 ; Baker ·and Matkin , 1 9 5 9 ) . F ires 

seem to cause change s that are l ikely to promote fruiting by Morchella . 

At one t ime , people in Germany would del iberate ly se t fires to insure a 

crop of mor e l s  the next spring . A royal decree wa s eve ntually i s sued to 

protect the fore sts ( Chri s tensen , l 9 4 3i Mci lva i ne , 1 9 02 ) . Mccubbin 

reported " immense numbers of morels "  i n  an area that had been burned over 

the previous October ( Baker and Matkin , 1 9 5 9) .  The more l s  came up the 

fo l lowing spr ing . Mccubbin found the more l s  up to the edge of , but not 

beyond the burned area . Smith ( 1 9 6 3 ) reported finding "stupendous 

quantities in the wake of fore st fire s . "  

Moser ( 1 94 9 )  has reported an interes t i ng ins tance where more l s  

came up fol lowing a fore st fire . The f ire was i n  August , 1 9 4 7  and was 



unusua l l y  intense , c omplete l y  destroying a l l  vegetation . In May, 1948 

the more l s  began to appear . The morel s  were unusual ly n umerous and un-

usually large , some were 2 0  to 2 5  cm tal l  and one was 3 0  cm tal l . Most 

o f  the sporocarps came up near burned roots, branche s, and stumps . The 

sporocarps continued to be produced as  late a s  November, 1948 . 

Unusual Occurrences 

8 

In  a f lower shop basement in Lafayette, Indiana , more l s  came up on 

a bench where ferns were.be ing grown, Figure 2 .  The morels appeared in 

early February , 1 97 3 , about two months be fore more l s  normally appear in 

Indiana . Mos t  o f  the morels were small, some as sma l l  a s  a penci l  point, 

but one was 6 inche s tal l . The large st one c ame up in a pot with a fern 

plant� Myc e l ium could be s een growing through hol e s  in the bottom o f  the 

pot . Other more ls were in pots with fern s or out in  the gravel that 

covered the bench . 

The bench was located in a basement .  The bench was l ined with 

plastic and covered with washed pea grave l . The pots were set down in 

the grave l . The soil in the pots came from F lorida . The soi l  was high 

in organ ic matter and con s i s ted mainly o f  peat mos s . The florist had 

not added anything but water to the soi l . 

Temperature was goverened by a furnace in the bas ement . The 

0 
5

0 
. h thermostat was set at 7 5  F days and 6 F nig t s . The area was con-

stan t ly i lluminated by f loure scent lights . 

Gravel had not been used before December . Be for e  adding gravel 

the pots had o ften dried out and the plan t s  were o ften k i lled . The soil 

was a lways moi s t  after the gravel had been added . 



Figure 1 .  Mor e l s  that were found near the b a s e  o f  a dead e lm tree . A 
large root was found direc t ly beneath the more l s . Date o f  
occurrence was May 10 , 1976 . Not e  unusual abundance and 
several sporocarps seem to be fused together . 1/ 4 X .  

F i gure 2. More ls found in the f lower shop ba s ement at Lafayette ,  Ind . 
The more l in the pot on the r ight h a s  de l iquesed . These 
occurred early February, 1 97 3. 1/4 x: 

9 
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Although the florist is not aware o f  any change i n  condi tions , 

more l s  have not reappeared since March , 1 97 3  (personal communication with 

Mable Roth , flor ist ) . 

Bake r and Matkin ( 195 9 )  reported an unu sual occurrence in Cymbid

ium bed s . Mor e l s  began appearing in February , 1 9 5 6 . Thi s  was during a 

cool period with a few light rains . The location was about 2 0  miles we st 

o f  Santa Mon ic a , Cali fornia . The benche s had been f i lled in July to 

September , 1 9 5 5  with ground bark of white fir . The logs came from an 

area whi ch had been.burned in 1955  and logged soon a fter . The bark was 

fumigated with methyl bromide . Dolomite l ime was added . 

The benche s were then planted with Cymbidium divi sions . A solu

tion of ammonium nitrate plus potassium chloride wa s applied at one to 

two week interva l s . At the time when sporocarps appeared the bark was 

covered with myc e l ium .  Morels have not appeared s ince th i s  time . The 

only unusual factors , in regards to greenhouse practic e s , were the burned 

bark and the methy l bromide . Normally bark for such purposes does not 

contain wood fragment s . 

Moser ( 1 949 ) has reported morels found growing at three places in 

a mine . The morel s  were found 100 to 2 0 0  meter� underground . Wood was 

present in one place , one place was a l atrine , and one place seemed to 

lack any k ind o f  organic material . Moser found that there.was much 

bacterial activ ity in all  three place s . No l ight was present in any of 

the places .  
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Production by Horticultural Method s 

Some workers have reported obtaining sporocarps u s ing horticul

tura l methods. In 1 9 01 ,  Repin obtained more l s  from n in e  year old cul

tures that had been kept in flower pots in a cave . Repin a l so obtained 

sporocarps in dry leave s with added sodium c arbonate and in a trench 

f i l led with apple ma sh ( Brock , 1 9 51 ) . The Baron ' d ' Yvoire ' s  method 

required loose , moi st , soi l  where Jerusalem arti chokes were growing . 

He used whole fruiting bodies to innocu late beds i n  May and June . He 

watered during the summer with a potas s ium n i trate solution. In the 

fal l  he l a id apple mash one cm deep and added a l ay e r  of dry leave s and 

twigs . In Apri l  and May the leave s and twigs were removed . He obtained 

a y i e ld of 3 0 0  sporocarps in 100 square feet of bed ( Brock , 1 951 ; Baker 

and Matkin , 1 9 5 9 ) . Moll iard obtained sporocarps in 2 0  day s from a pot of 

earth to which he had added five kg.of apple mash ( Singer , 1 9 6 1 ; Brock , 

1 951 ) . Mol liard a l so obtained morel s  from a bed that he made with old 

papers and apple mash. The bed was located under a row of cherry tree s . 

Molliard used spore s and myc e l ium from pure cultures a s  innoculum in his 

exper iment s . Con s tantine repeated the latter exper iment and obta ined 2 3  

sporocarps from one square meter of bed (Cail leux , 1 969 ; S inger , 1 9 61 ) . 

Cai l l eu x  ( 1 969 ) reports that others have tried s imilar experiments , using 

apple mash and papers without succe s s . Babee ( 19 3 6 )  reported the appear

ance of Morchel l a  sporocarps where he had mixed hou sehold garbage with 

earth and a llowed it to decompose in a wooded area for one year . 

Nutri tion 

Morche l l a  may b e  grown o n  a wide vari e ty of nutr ient material s . 

Nitrogen may be supplied as  proteins , amino acid s , ammonium, n itrate , and 
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nitrite salts (Gilbert , 1 96 0 ;  Brock , 1951 ; Litchfield , 1 9 67 ) . Ammonium 

salts are usua l ly a better nitrogen source than nitrate or nitrite salts 

(Brock , 19 5 1 ) . Not all  proteins and amino acids are good nitrogen 

sourc e s .  Brock ( 1951 ) found that the amino acids 1 - cy steine-HCl , dl

aspartic acid , and 1 (+) asparagine are the be s t  nitrogen source s .  

Gilbert ( 1 96 0 )  found that proteins from peanut mea l , coconut meal , soy

bean meal , and wheat bran , as we ll as albumin and peptone , are good 

nitrogen sources .  

The minerals S ,  P, K, Na , Mg , Fe , are sufficient to maintain good 

growth for Morche lla . The microelements Mn, Cu , Zn , Br , I ,  Cr , Mo , and B 

may be beneficial to Morchella (William and Wil li am-Enge l s , 1 95 6 ) . 

Robbins and Hervey ( 19 5 9 , 1965 ) have found that a wood extrac t stimulates 

growth o f  Morchel la due to manganese and calcium in the wood ash . They 

a lso found that Morche l la was able to uti li z e  greater amount s  of manga

nese than mos t  fungi . I t  was found that Mor ch e l l a  i s  more resistant to 

acid conditions with the addition o f  mangane se and calcium to the medium 

(Robbins and Hervey , 1965 ) . 

Morchel la grows wel l  on a wide variety o f  simple and complex car

bohydrates . S tarch, maltose , glucose , fructo s e , and sucrose are superior 

carbohydrates for nutrition o f  Morche lla ( Wi l li am and Wil liam-Engel s , 

1956 ; Brock , 1 9 5 1 ; Hurni , 1946 ) . In addition , turanose , saccharo se , 

xylose , lactose , the alcohols mannitol and g lycerol , as  we ll as food 

proce s sing was te s  are all suitable carbon-energy source s  (Gi lbert , 196 0 ;  

Robbins and Hervey , 1 965 ; Litchfield , 1 9 67 ; Brock , 1 9 5 1 ) . Litchfield 

( 1 96 3 )  found that the abi lity to uti li z e  lacto s e  was variable , even among 

cultures obtained from the same origin . 
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Morchel l a  h a s  the bes t  growth a t  a p H  n e a r  neutral (Brock , 1951 ; 

Robbin s  and Hervey , 1 9 5 9 ; Wil liam and Wil liam-Engel s , 1 9 5 6 ) . Robbins and 

Hervey ( 1 965 ) found that growth at a pH of 4 . 8  was equal to growth at a 

pH of 6 . 5 ,  i f  sufficient mangane se and calcium were presen t . 

Morchella doesn ' t  require an exogenous source o f  vitamins . William 

and Wil liam-Enge l s  ( 1 956 ) tested the response to pantothenic acid , biotin , 

thiamin, and pyridoxine . It  was found that none o f  the se vitamins 

affected the growth of Morchella . Hurni ( 19 4 6) found thiamine to be 

slightly inhibitory . Hurni ( 1946 ) found that an apple extract stimulated 

growth .  Hurni ( 1 946 ) concluded that the stimulation was c aused by 

malonic acid in the apple extract . 

Gi lbert ( 1 96 0 )  reported that Morchella wil l  grow at temperature s 

between .3 and 3 1
° 

C ,  with the optimum temperature between 1 3  and 2 2
° C .  

Falck ( 1 92 0 )  reported that the growth rate increase s rapidly as tempera-

tures increase from 0 to 2 2
° 

C ,  with the optimal growth rate at 24° c .  

0 He found growth to be severely inhibited at temperatures above 3 0  C . 

Hurni ( 1 94 6 )  found that for periods of 1 5  days or l e s s  the optimum tern-

perature was 2 5° C .  Cultures grown for 2 0  to 3 0  days a ttained the 

greate s t  dry weight if they were grown at 16 to 1 8
° 

C .  Hurni ( 1 9 4 6 ) , 

Wil liam and Wil liam-Enge l s  ( 195 6 ) , and Litchfield ( 1 9 6 7 ) found that 

maximum growth was at 2 5° C .  

Wi l liam and Wi lliam-Enge ls ( 1956 )  found that neither light nor 

dark a f fected growth of Morchella . 

Composition 

The c e l l  wall of  Morche llq myce lium is mainly made up of protein , 

non-ni trogenous polysaccharides , chitin , and phosphate . Glucose , 
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mannose , and galactose are present in the c e l l  wal l  ( Herrara and 

Osario , 1 974 ) . 
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McKe l lar and Kohrman ( 19 7 5 ) compared the amino acid composition 

of Morchella myce lium to Morchel la sporocarps . They concluded that the 

amino acid composition varies mainly as a fun c tion of the nutritional 

condi tions during growth . They did find di fference s  in the amino acid 

composi tion of stipe and pileus ti ssue . The main di fferences are in the 

amounts of arginine and hi stidine . 

The main minerals fround in Morchella sporocarps are potassium and 

phosphorus ( Hawker , 1 95 0 ;  Cochrane , 1 9 5 8 ) . 



MATERIALS AND METHODS 

The study involved tes ting the response of Morchel l a  to various 

nutri tional variables . The nutri tional variables that were te sted 

incl uded the concentration and source of nutrients . Three technique s 

were u sed to s tudy the nutritional phy siology o f  Morche l l a : agar cul-

15 

tures , submerged culture s ,  and cultures on peat pe l l e t s . The agar cul-

tures were used for te sting the response to dif ferent concentrations and 

type s of nitrogen salts and sugars, variable concentrations of phos-

phates ,  potas sium , and variable initial pH . Te sts were per formed on 

agar culture s  to find the response to natural compounds present in potato 

tubers and Morche l l a  sporocarps . The response to plant growth regulators 

was a l sq te s ted u sing agar culture s .  Subme rged culture was used to test 

the response to vitamins . Cul tures on peat were used to test the effect 

o f  f luctuating supplie s  of nitrogen , sugar , and comp lete nutrient 

solution . 

The standard medium was made up o f  the sal t s  and vitamins in 

Murashige and Skoog ' s  medium (MS Medium) (Murashige and Skoog , 1962 ) . The 

s tandard medium ( see Table 3 ,  Appendix A )  includes a O . OSM phosphate 

buffer , 30 g sucrose/l . ,  and the pH is 5 . 6 .  Ten g o f  agar per liter was 

used for agar culture s .  Nitrogen i s  supp lied as  ammonium nitrate and 

potas sium nitrate . When neces sary pH wa s adj us ted with 0 . 1 N HCl or 0 . 1 

N NaOH . The pH was measured before sterilizing u sing a pH meter . De-

ionized water was used in this medium . 

The .basal medium for submerged cul tured was the standard medium 

but with 0 . 2  M potas sium nitrate, a s  sole nitrogen source . No vitamins 
, 

were included in the basal medium; Glucose was s ub s ti tuted for sucrose 



at 3 0  g/l . The medium was freshly prepared , u sing di stilled water . 

Vitamins ( NBC Biochemicals ) were supplied in the fol lowing concentra

tions: biotin , 2 µg/l ; calcium pantothenate, 400 µg/ l ; folic acid , 
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2 µg/l ; inosi tol , 2 00 0  µg/l ; niacin , 4 00 µg/l ; para amino benzoic acid , 

2 00 µg/ l ; pyridoxine HCl , 4 00 µg/l ; ribo flavi n , 2 0 0  µg/ l ; thiamine HCL , 

4 0 0  µg/l . 

Sterili zation of all  types o f  media was accomplished by auto

c laving for 15 minutes at 15 psi and 1 2 0
° 

c. 

Medium for agar cultures was prepared by mixing all  components of 

the medium . The medium was then heated approximat e ly five minutes in an 

autoclave , to di s solve the agar . The medium was then poured into the 

culture ve s s e l s  which were sealed with aluminum foi l, and the medium was 

s teri li zed . Culture vessels were 1 2 5  ml Erlenmeyer flasks with 5 0  ml of 

medium added to each flask . There are two excep tions to thi s method of 

making medium . Medium for testing pH was prepared by autoclaving buffer 

separately from the medium . The buff er was added aseptically after auto

c l aving to prevent breakdown o f  agar or sugar . A solution o f  each 

vitamin was s teri lized by filtration and appropriate amounts of the 

medium and the desired vitamin were then combined . 

Potato j uice was obtained by freezing fre sh potato tubers . A fter 

thawing, the j uice was squee zed out through chee secloth . A homogenate 

of ground Morchel la sporocarps and water wa s prepared using a Waring 

blender . Both the potato j uice and the sporocarp homogenate were added 

to the medium be fore autoclaving . The respons e.to e thy lene was tested 

aseptically by adding e thylene to 21 day o ld cultures .  Other p lant 

growth regulators-were added to the medium be fore autoclaving . 



Agar culture s were grown 2 1  day s . The cu ltur e s  were kept in an 

incubator in the dark at 2 5
° 

C .  
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P e a t  cultures uti lized peat pe llets ( Ji f fy Seven , Ji ffy Pot Ltd . , 

Grorud , Norway ) . A peat pe llet is a cylinder o f  pea t  approximately 4 . 5  

cm in diameter and 4 cm in height , and i s  he ld toge ther by fiberglass 

c loth . The peat pe llets served a s  a mechanical support for the.growing 

myceliurn . The peat pe l lets were placed in 4 0 0  or 6 0 0  ml beakers , to 

which 50 ml o f  liquid medium had been added . The purpose o f  the peat 

culture s was to test the response to fluctuating nutrient supply . Thi s 

was achieved by trans ferring the peat pel lets upon which myce lium was 

growing to a beaker containing fresh medium . Thi s  was done twice a week . 

The composition of the medium was changed slightly at each transfer . 

Three di f ferent variables were tested in thi s manner: concentration o f  

the complete nutrient medium , ni trogen ·concentration, and sugar concen

tration . Culture s receiving variable lev e l s  of  the nutrient solution 

started at O . lX the normal concentration o f  the standard medium . The 

concentration was gradua lly increased until it was 2X at two and one-half 

weeks . From two and one-hal f weeks to the fi fth week the concentration 

was reduced unti l  the cul tures were tran s ferred to deionized water for 

the final tran s fer , at the beginning of the fi fth week . Experiments with 

variable leve l s  o f  nitrogen (with ammonium nitrate as the nitrogen 

source ) and wi th variable leve ls of sugar were done in a simi lar manner . 

Culture s for the variable nitrogen test started on 0 . 05 M ammonium 

nitrate plus the normal components of the medium . A t  two and one-half 

weeks the culture s received 0 . 02 M ammonium nitrate and on the final 



trans fer , a t  the fifth week culture s  were trans fe rred to nitrogen- free 

medium . Cultures receiving variable leve l s  o f  sucrose s tarted with 

5 g/l , were gradually trans ferred to medium containing 1 0 0  g/l at two 
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and one-ha l f  weeks , and from the fi fth week on they had no sugar in the 

medium . The control s  in the se three tests received the same total amount 

of the varied nutrients as those receiving a variable medium but in equal 

amounts at each trans fer . Except for the te s ted components o f  the 

medium , the s tandard medium was used . The medium for peat cultures was 

buffered a t  pH 6 . 8  with a phosphate buffer , a t  a concentration o f  0 . 01 M 

phosphate . 

In each test (peat cultures ) a group o f  culture s was incubated 

0 . 0 
eight weeks at 2 5  C and another was kept at 1 7  c .  

Submerged culture was used for te s ting the re sponse to vi tamins . 

The culture ve s s e l s  were 1 2 5  ml Erlenmeyer f l a sk s  with 4 0  ml of medium 

in each flask . A l l  glassware used in preparation and culturing was 

washed with hot 1 . 0  N HCl and rinsed with dis ti l led water . Glass dis-

til led water wa s used in preparing the medium . Culture s were al lowed to 

grow five days at room temperature , with cons tant shaking on a reciprocal 

shaker . The shaker was set at 1 00 r . p . m . 

The inoculum originated as a piece o f  stipe ti ssue from a wild M .  

e sculenta sporocarp . Inoculum was maintained on rye and on agar plates . 

Rye cultures served as a bank of inoculum and have been found to remain 

viable for two years or more , when re frigerated at approximate ly s0 c .  

Inoculum to be used for s tarting cultures o n  te st media was maintained on 

petri plates of potato dextrose agar , or the ·basal medium for submerged 

culture . Di feo special (puri fied ) agar was used to make plate s with the 
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basal , submerged culture medium . Twenty four grams o f  dehydrated potato 

dextrose agar was used to make one liter o f  medium . Approximately 3 0  ml 

of medium wa s used in each plate . The petri plate s  and the medium were 

first sterili zed . The medium wa s then poured , j ust be fore the agar began 

to solidi fy . Cultures on potato dextrose agar served as  inoculum for 

agar and peat media . The inoculum on basal submerged culture medium was 

used to inoculate liquid m�dium for submerged culture s . Inoculum from 

the second subculture served to inoculate the medium for vitamin tests in 

submerged cul ture . A piece o f  medium approximate ly 0 . 5  cm square, with 

the myce lium growing on i t , was cut from the plate s, thi s  was then used 

to inoculate medium . 

Inoculating and tran s ferring was done in a forced air hood . Tools 

u sed in inoculating and tran s ferring were dipped i n  7 0 %  ethanol and 

flamed each time they were used . Culture s were evaluated according to 

their final dry weight and whether any morphological changes were 

induced . 

The dry weight was. obtained a fter drying 8 to 10  hours a t  about 

100° c .  Mycelia l  pads could be removed in one piece from agar and sub

merged cul ture s ( Figure 3 ) . To remove myce lium from agar cultures it 

was first nece ssary to me lt the agar by heating the flasks on a hot 

p late . The mycelial pads were then rinsed in hot water and dried . 

Myce lium in submerged cultures grew together in aggregate s  that could 

easi ly be removed with a spatula and then dried . A f ter drying , myce lium 

was weighed using an analytical balance . 



Figure 3 .  Typ ical myce li a l  pads be for e  d ry ing and weighing . Five 
replicates o f  each treatmen t  wer e  we ighed except in cases 
where contam ination occurred . 1/4 X. 

Myc e li a  from peat culture s  were eva luated according to their 
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growth habit and appearan c e . Photographs o f  peat cultures were made in 

order to have a r ecord o f  their appearance . 

The c rite r ia for evaluating sclero t i a  production were the number 

of day s be fore sc lerotia began to appear and the surface area covered by. 

sclerotia a fter 2 1  days. In some cases i t  was necessary to e s timate 

the s urface area covered by sclerotia by photographing the mycelial pad . 

The photographic negative was then plac ed in a photographic enlarger and 

proj e c ted onto graph paper. 



RESULTS 

Re sul t s  are the mean of five replications .  In some cases there 

were fewer replications due to contaminating organi sms . 
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Analy si s  o f  variance indicates that di f ferences due t o  treatment 

e f fects exist , when te sted at the 0 . 01 leve l  for a l l  experiments that 

were evaluated quantitative ly (Tables 4 through 1 3, Appendix B ) . Thi s 

includes te sts o f  ni trogen source and leve l , variable concentration o f  

potassium , phosphorous ,  and sucrose ,  variable initial pH , kind of carbo

hydrate , and growth with vitamins . 

Nitrogen 

The e ffect of di f ferent source s  and concentrations of nitrogen was 

tes ted . The di fferent nitrogen sources were supplied in the following 

concentrations: 0 . 001 , 0 . 005, 0 . 01, 0 . 0 5, and 0 . 1 M .  The re sults are 

summari zed in Figure 4 .  The highe st dry weight, 6 6 6  mg , was obtained 

using ammonium nitrate at a concentration of 0 . 01 M .  No culture s grew 

on medium with 0 . 1  M ammonium ni trate . When the nitrogen source was 

ammonium tartrate , at a concentration o f  0 . 01 M the mean dry weight was 

4 5 4  mg . When the medium contained 0 . 01 M ammonium chloride the dry 

weight was 2 97 mg . The highe st dry weight , u sing sodium nitrate , at a 

concentration o f  0 . 0 5 M ,  was 3 48 mg . Tukey ' s  omega te s t  at the 0 . 05 

l eve l indicate s ammonium nitrate is better than any other te sted nitrogen 

source when they are present at 0 . 01 M ( Tabl e s  14 and 1 5, Appendix C ) . 

A t  a concentration o f  0 . 1  M Tukey ' s  omega test indicate s that sodium 

nitrate is better than any other nitrogen source . The source x leve l 
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interaction i s  signi ficant a t  the 0 . 01 leve l , indica ting that re sponse to 

a given nitrogen source is dependent on concentration within the range 

from 0 . 01 M to 0 . 1 M .  Thi s  can readi ly b e  seen by comparing the graph 

showing re sponse to sodium n itrate to the graphs for ammonium salts . 

Notice that the higher concentrations of ammonium salts inhibit growth 

whi le high concentrations of nitrates were not inhibitory ( Figures 4 and 

5 )  • 

Potassium 

The e f fect of variable concentrations o f  potass ium was te sted by 

supplying potassium nitrate in concentrations from 0 . 01 to 0 . 5  M .  Mono

basic ammonium phosphate at a concentration of 0 . 05 M was substi tuted 

for the · s tandard n i trogen sources . No other deviations from the standard 

medium were made . The results are summarized i n  Figure 5 and Table 16 in 

Appendix C .  The highe st dry weight , 687 mg , was obtained when the con

centration of potas sium nitrate was 0 . 5 M. 

Phosphorous 

The e ffect of d i f ferent concentrations of phosphate s  was obtained 

by adding d i fferent amounts of phosphate bu ffe r  to the s tandard medium . 

The phosphate concentration ranged from 0 . 0012 5 to 0 . 2 M .  The highest 

dry we ight was 1 2 2 3  mg and was obtained when the phosphate concentration 

was 0 . 0 5 M .  Figure 6 and Table 1 7  in Appendix C summari ze the response 

to variable leve l s  o f  phosphorous . 

The re sponse to media having d i f ferent pH wa s te sted with ammonium 

tartrate at 0 . 01 M concentration as the nitrogen source . Varying amounts 
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of  citric acid was added t o  alter the pH . The concentrati on of citric 

acid varied from 0 to 0 . 2 1 4  M .  A pho sphate buffer having a p H  o f  6 . 2 5 

and a phosphate concentration of 0 . 05 M was used at all pH ranges . The 

greate s t  dry weight was found when the initial pH was 5 . 0 . The dry 

weight at a pH o f  5 . 0  was 6 1 2  mg . There was no growth when the pH was 

2 . 5 .  The results are summarized in Figure 7 and Table 18 in Appendix c .  

Sugars 

Te sts on sugars include a test on respon se to di fferent sugar s and 

a tes t  on variable concentrations of sucro se . The following sugars have 

been tested: gluco se, mannose , sucrose , galactose, lacto s e , rhamnose , 

fructose , arabinose, and xy lose . In addition , galac turonic and gluconic 

acids were te sted . The sugars were tested with unbuffered s tandard media 

and with a high salt medium . The high salt medium wa s the same as 

standard medium , except that the potas sium nitrate wa s 0 . 3 M and phos

phate (as a buffer ) 0 . 05 M with a pH o f  5 . 6 . The sugar s were all 

supplied at concentrations of 0 . 2 M for monosaccharide s or 0 . 1 M for 

di saccharide s . On unbuffered standard media glucose and mannose are 

better than a l l  other sugars , while sucrose i s  better than the remaining 

sugars except galactose , as indicated by Tukey' s omega test at the 0 . 05 

level ( Table 1 9 , Appendix C ) . On media with increased NPK Tµkey's omega 

tes t  at the 0 . 05 leve l indicates that mannose is better than all ·other 

sugars except sucrose (Table 2 0 ,  Appendix C ) . Sucrose , glucose and 

fructo se are found to be better than the remaining sugars . The results 

of the te s ts on variable carbohydrate source s  are summari zed in Tab"ie 1 .  
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Table 1 .  Growth wi th Di fferent Carbohydrates and with Two Nutrient Salt 
So lutions .  

Standard medium ( unbuffered ) Increased NPK 
Carbohydrate Mean, mg S . D .  Mean , mg S . D .  

G lucose* 606 . 60** 90 . 4 5 6 2 6 . 4 0** 74 . 71  
Manno se 587 . 8 0 60 . 8 3 7 5 5 . 0 0 5 0 . 4 3 
Sucrose 3 37 . 60 96 . 5 4 674 . 2 0 4 6 . 0 0  
Galactose 2 2 4 . 00 5 3 . 8 0 3 9 1 . 4 0  5 5 . 80 
Lacto se 162 . 00 5 6 . 6 2 1 8 5 . 76 2 2 . 60 
Rharnnose 1 5 6 . 60 6 . 5 8 77 . 60 1 5 . 77 
Fruc tose 1 2 1 . 60 1 4 . 17 5 92 . 00 7 1 . 68  
Arabinose 1 09 . 2 0  2 8 . 5 4 2 07 . 4 0 5 4 . 1 1  
G luconic A cid 69 . 4 0 2 0 . 4 2  1 5 . 3 3 0 . 58 
Xylose 68 . 7 5 7 . 8 9 3 3 2 . 60 6 1 . 2 4 

Galacturonic Acid 3 5 . 00 2 . 8 3 1 5 . 5 0  7 . 78 
No Carbohydrate 

* A l l  sugars are ( D ) + except ribose and arabinose which are ( D ) - .  
From United S tates Biochemica l Corporation , Cleve l and , Ohio . 

** Dry weight . 

The re sponse to the concentration o f  sugar wa s tested using sue-

rose as  the carbon-energy source . The sucrose concentration ranged from 

5 to 2 0 0  g/l . The greates t  dry weight , 5 27 mg, was obtained when the 

medium contained 1 0 0  g/l of sucrose . Figure 8 and Table 2 1  in Appendix C 

show the results o f  this te st . 

Response to F luctuating Nutrient Level s 

Cultures on peat pe l lets were evaluated according to morphology 

only . There was no di fference in the form o f  growth, regardless o f  the 

treatment .  A l l  peat culture s deve loped a large mas s  b f  s clerotia at the 

top , with myce lium spreading out across the sur face of the medium as  

seen in Figure 9 .  
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F i gure 9 .  Typ i c a l  cul ture growing on a pe a t  p e l l e t  af ter 4 we eks o f  
growth . Note large amoun t o f  s c l ero t i a  on top . 1/4 x .  

Vi tami n s  

The re were 1 1  treatments in the vitamin s tudy . Nine treatments 

3 0  

had a s in g l e  vi tami n , o r  i no s i to l , i n  the med i um .  One treatmen t  inc l uded 

all e ight v i t amin s and i no s i tol . No vi tamins wer e  included in the con-

tro l med i um . The results are summar i z ed in Table 2 .  L i t t l e  growth wa s 

not ic e d  un t i l  the l a s t  day in medium con ta i n i n g  n i co t i n i c  a c id , thiamin e , 

or i no s i to l . Cul ture s con taining o ther vi t amin s  had a wide range in 

growth amon g rep l i c ate s within a treatment , a s  i s  indi cated by the s tand -

ard devi a t ion s .  The contro l culture s had r e l a tive l y  un i form amoun t s  o f  

growth . Dun n e t ' s  te st at the 0 . 05 leve l , i nd i c a te s no d i fference s due to 

t rea tmen t  e f fec t s  between vi tamin treatment s  and the con trol " ( Tab l e  24 , 

Appe nd i x  c ) . 



Table 2 .  Growth with Different Vitamins Added to the Media . 

Vitamin Added Concentration Mean , mg S . D .  

Nicotinic 4 0 0  0 . 1 4 0 . 3 1 
Thi amine 4 0 0  0 . 5 2 0 . 7 5 
Inositol 2 000 5 . 56 5 . 1 9 
Biotin 2 2 9 . 3 8  1 7 . 66 
P-aba 2 00 4 0 . 1 4  1 5 . 2 5 
Pyr idoxine HCl 400 49 . 28 14 . 84  
Ca Pantothenate 4 00 5 1 . 1 4  9 . 7 4 
Ribo flavine 2 00 4 2 . 7 4  14 . 93 
Fo l ic Ac id 2 4 6 . 3 0 16 . 2 3 
All o f  the Above As Indicated Above 3 2 . 88 19 . 8 5 
None 3 1 . 84 5 . 4 6 

Organic Compounds 

The e ffect of some undefined organic compound s was tested by 
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adding potato j uice and a homogenate o f  fre sh Morche l la sporocarp tis sue 

to the medi um . The potato j uice was added in concentrations from 0 to 

75 % ( v/v ) .  One l i ter of potato j uice was obta ined from 2 kg of tubers . 

On a medium containing 2 5 %  (v/v) potato j uice the dry weight wa s 7 7 5  mg , 

whil e  the dry weight with no potato j uice was 9 3  mg . Re sults are sum-

marized in Table 2 2  in Appendix c .  When adding the homogenate o f  

Morche l la sporocarp tis sue it  was hoped that a hormone - l ike substance , 

might be pre sent in the tissue . The concentration o f  sporocarp tissue in 

the medium ranged from O to 1 0 %  ( fre sh w/v ) . The highe st dry weight , 

42 5 mg , was found on medium containing 1 0 %  sporocarp t i ssue . The dry 

weight on medium with no sporocarp tissue was 96 mg . Re sults are sum-

marized in Table 2 3  in Appendix c .  No unusual growth forms were noted 

when sporocarp tis sue was added to the medium except that the tendency to 



produce sclerotia seemed to be proportional to the concentration of 

sporocarp t i s sue . 

Plant Growth Regulators 
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The re sponse to the vascular plant growth regulators ( IAA ,  

kinetin , giberel l i c  acid , and ethylene ) was te s ted . No response was 

noted when IAA , k inetin , and gibere llic acid were tested at 1 0  ppm . When 

the concentration was 1 0 0  ppm , IAA had a sl ightly inhibitory e f fect , 

while k ine tin and g iberel l ic had no effect . When e thylene wa s added to 

2 1  day old culture s ,  at concentrations o f  0 . 1 and 1 ppm , no respon se was 

observed . 

Nutri tional Factors Inf luencing Sclerotia Formation on Agar Media 

Morchel l a  mycelium may produce sc lerotia under certain conditions 

(Figure 1 0 ) . Sclerotia are occas ionally produced on the standard medium . 

Some factors that may influence sclerotia formation are n i trogen source 

and concentration , concentration s of phosphate and carbohydrate ,  and pH . 

The source o f  n itrogen ha s a strong influence on sc lerotia forma

tion .  When arrunonium compounds are included i n  the medium , sclerotia 

formation and growth i s  inhibited . Sclerotia are rarely produced on the 

standard med ium , which inc lude s ammonium nitrate at a concentr�tion o f  

0 . 02 M .  The tendency to produce sclerotia i s  inversely proportiona l to 

the concentration of ammonium sa lts , over the range of concentration s 

tested . When med ium containing ammonium salts i s  buffered , there i s  a 

greater t�ndency to produce sc lerotia . More sc lerotia were produced when 

calc ium carbonate was the buffer than when a pho sphate buf fer was used . 



3 3  

The source o f  nitrogen i s  apparently l e s s  important when cultures 

are grown on peat . Cultures on peat produced a l arge amount o f  sclerotia 

when th� ammonium n i trate concentration was 0 . 02 M .  Cul tures on agar 

would have l i ttle tendency to produce sclerotia i f  ammonium salts were 

present at thi s concentration . 

S c lerotia are produced in large number s  when potassium nitrate is  

the sole n itrogen source .  Wh
.en pota s s ium n itrate i s  supplied at concen

trations of 0 . 03 to 0 . 06 M ,  8 7 %  to 9 5 %  of the sur face area wa s covered by 

sclerotia . However , the culture s had l ittle tendency to produce sclerotia 

unl e s s  pota s s ium nitrate was the sole nitrogen sourc e . The number o f  

s clerotia produced ·increases with a n  increase i n  pota s s ium nitrate . con

centrations from 0 . 02 M to 0 . 03 M .  At higher concentrations , within the 

range te sted , potassium nitrate concentration had l ittle e ffect on 

sclerotia produc tion . 

Sclerotia were rarely found where the final pH o f  the medium was 

l e s s  than f ive . The f inal pH of medium upon which l arge st numbers o f  

sclerotia were found was near neutral . In one te s t  the initial pH o f  the 

standard medium wa s buffered in a pH range from 5 to 8 using pho sphate 

buffers . The final pH ranged from 3 to 7 .  No s c l erotia were produced , 

regardle s s  o f  pH . The final pH may reflect uti l i z ation o f  d i fferent 

nitrogen sources and not be directly related to sclerotia formation . 

When pho sphate buf fers are added to media that would normally 

enable the produc tion o f  large numbers o f  scleroti a , the numbers of 

sc lerotia are reduced . No sc lerotia were produced when phosphate buffer 

at pH 5 . 6  and a concentration of 0 . 05 M was added to the f ive best 



Figure 1 0 . Myc e lial p ads that formed on agar . (A)  No s c lerotia have 
formed . (B ) Culture that has formed l arge numbers o f  
s clero tia� 1/4 X .  

" s c lerotia-producing "  media . At a concentration o f  0 . 01 M phosphate , 

some s c leroti a  were produced . 

Analysi s  o f  Tis sue s by Microscope 
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Myc e lium and s c lerotia from several culture s  were analyz ed micro-

scopical ly ( Fi gure 11 ) . Conventional paraffin techniques o f  dehydrating , 

embedding , and staining were used . Sections were triple- s tained with 

safranin ,  c ry s tal violet , and. fast green . The appearance o f  para f fin 

sec tions o f  mycelium is e ssentially unaffected by nutri tional variable s . 

Only vegetative hyphae have been observed by microscopic examination . 

Scle rotia are found to be made up of pseudoparenchyma tous tis sue . 



Figure 1 1 . Paraf fin sections o f  (A)  rnycelial p ad and ( B )  sclerotia . 
Note i sodiametric cell s  o f  B and e longated hypheal cel l s  
in A .  1 00 X .  
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DI SCUSSION 

Nitrogen Source and Concentration 

All nitrogen sources tested are capabl e  of support i ng growth by 

Morche l l a . The highe st yie lds were achieved wi th ammonium nitrate a s  

the nitrogen source . 
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Ammonium salts give rise to maximum growth a t  rel a t ive ly low con

centrations , but higher concentrations are likely to be inhib i tory . 

Nitrate s c an support comparable growth , but at much highe r concentra

tions . There i s  apparently no toxicity by the n itrate ion , and i t  has 

been pre sent in the media at concentrations as  high as 0 . 6 M with no 

apparent inhibition . Culture s growing on media with ammonium salts 

pre sent are l e s s  l ikely to produce sc lerotia than if pota ss ium n itrate 

serve s as the so le nitrogen source . 

Mos t  fungi c an uti l ize either ammonium or nitrate a s  n itrogen 

sources (Ainsworth , 1965 ) . When both ammonium and n i trate are pre sent 

the ammonium is usua l ly used first . The uptake o f  ammonium ion is 

bel ieved to occur by passive diffusion in many fungi . Upt ake of nitrate 

is  suppres sed by the pre sence of ammonium , in many fungi , by blocking the 

reduction of n i trate to nitrite (Morton and Macmi l l an , 1 9 54 ) . Many fungi 

are unable to completely uti l ize ammonium salts on unbuf fe red media . The 

anunonium ion is l iable to be taken up much faster than its a s sociated 

anion , resulting in inhibi tory acid conditions . Mor ton and Macmil l an 

( 1 95 4 ) have reported thi s phenomenon for Scopularis brevial is . · They found 

that the organ i sm could not completely util i ze ammonium sul fate unless 

buffers were added to the media . Brock ( 1 951 ) found this pH change for 
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Morche l la , a s  did Robbins and Hervey (195 9 ) . In the pre sent study it was 

found that cultures on unbuffered media with ammon i um salts present and 

an initial pH of 5 . 6  grew poorly and had a final pH o f  3 or less , a fter 

2 1  days of incubation . 

Brock ( 1 9 5 1 )  found ammonium sal ts to be better than ni trate salts 

( at 2 5 0  mg N/l ) , but several amino acids and sodium nitrite were better 

than or equal to any o f  the ammonium salts he tested . Th�s generally 

agrees with the data obtained in this study , except that a t  a concentra-

tion approximately equal to 2 5 0  mg N/l the rank ( in de scending order ) 

would be ammonium tartrate , sodium nitrate , ammon ium n i trate , ammonium 

chloride . Brock ' s  study would give the following ranking : ammonium 

tartrate = ammonium nitrate , ammonium chloride , sod i um n i trate . Possible 

reasons for the differences between the two s tud ies inc lude d i f ferences 

in the basal medium , differences in incubation time ( six days for Brock ' s  

experiments ) ,  genetic differences between cul tures ,  Brock ' s  s tudy uti l i zed 

l iquid cultures ,  and Brock ' s  media had an initial pH of 6 . 5 to 7 .  

Carbon Source 

In  this study glucose , mannose , and sucrose were found to be the 

thre e best sugars , with two different media . The re lative amounts o f  

growth were somewhat di fferent with the two media . Some sugars supported 

somewha t  di fferent amounts of growth on unbuffered , standard medium vs . 

the medium having increased NPK levels . Sucro s e , fructose , arabinose , 

a d 1 
· to much more growth on the medium with increased 

n xy o se gave r i se 

h · d 1 el  o f  phosphorous may have enhanced the abil ity to 
NPK . T e increa se ev 

util ize the se sugars . Rhamnose and gluconic acid gave better results with 

the unbuffered standard medium . 
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There is  a wide range i n  the amount o f  growth among the d i f ferent 

carbon sourc e s , but a l l  the sugars are suitable with a t  least one of the 

two media te sted . Galacturonic and gluconic acids g ave poor results on 

e ither media . 

Re sults for the sugars tested is  in general a greement wi th results 

obtained by Wil l iam and Wil l i am-Enge ls ( 195 6 ) , Litch f i e ld ( 1 96 7 ) , and 

Brock ( 1 9 5 1 ) . Wi l l iam and Wi ll iam-Engels ( 19 5 6 ) found the sugars , 

sacharose , glucose , and maltose , to be the best . Brock found sucrose , 

fructose , turanose , glucose , and maltose best . Litchfield note s a number 

of sugars which are satisfactory , including gluco s e , lactose , maltose , 

sucrose , and xylose . Di fferences between the f indings o f  di ffe rent 

re searchers may re flect differences in enzyme activity of various strains . 

Litchfield { 1 96 3 )  found differences in the abi l i ty to util iz e  lactose , 

even if the culture s  had arisen from the same sporoca rp .  Gi lbert ( 19 6 0 ) 

found d i f ference s between culture s whose myc e lium aros e  from the same 

sporocarp for a number of characteristics including growth rate and 

appearance of the mycelium .  

Growth o f  the mycelium wa s found t o  increase a s  the sucrose con-

centration increased , up to 100 g/l . Growth was found to be reduced at 

higher sucrose concentrations . The reduced growth at higher concentra-

tions is  probably an e f fect o f  osmotic pre ssure ( Hawke r ,  1 9 5 0 ) . 

f Probably has a gre a te r  influence than Increased ava i l ab i l ity o sucrose 

osmotic pre s sure , up to 100 g/l . 
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Pota s s i um 

Growth was found to increase steadily wi th increased potass ium 

nitrate concen trations to 0 . 2 5 M .  Inhibition was not obs e rved with con-

centrations as high as 0 . 6 M .  

S ince monobas ic ammonium phosphate was pre sent a t  a concentration 

o f  0 . 05 M ,  the n itrate ion may not have been s i gn i f i cant as a ni trogen 

sourc e . The high relative concentration o f  n i trate ion to ammonium ion 

could pos s ibly increase the l ike l ihood of nitrate uptake , however . 

Phosphorous 

Increas ing the phosphate concentration up to 0 . 05 M was associated 

with steadi ly increased growth . Growth dropped o f f  at  higher leve l s  of 

pho sphate . S ince the phosphate was supplied a s  d iba s i c  sodium phosphate 

and monobas i c  potassium phosphate , the bene fit to growth was probably 

c lose ly as soc iated with the buffering abil ity o f  the phosphate salts . 

With the phosphate concentration at 0 . 00125  M the final pH wa s 3 ,  at 

0 . 01 M the final pH was 3 . 5 , and at 0 . 05 M the fina l pH was 5 .  

In this study good growth was found at a wide range of pH , from 3 

to 6 . 2 5 . The greate st growth was found when the pH was 5 . 0 .  Mos t  

researchers have reported the best growth a t  a p H  near neutral to 

s l ightly a lkal ine (Wi l liam and Wil l iam-Enge l s , 1 9 5 6 ; Brock , 1 95 1 ; Robbin s 

and Hervey , l 959 ) . Brock ( 1951 ) reported the highest growth to occur 

when the initial pH was 6 . 9 3 .  Litchfie ld , Overbeck and Davidson ( 19 63 ) 

· ' t ' 1 pH was 6 5 The re sult s  o f  
reported the best growth when the 1n1 ia · · 
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thi s study a r e  somewhat in conflict with the results obtained b y  other 

_ people . Pos s ible rea sons for the different results include gene tic d i f-

ference s , nitrogen source , durat ion o f  incubation , s a l t s  included in the 

media , and liquid vs . agar culturing e ffects . D i f ferences due to the 

nitrogen source and to the salts inc luded in the medi a  are e spe ical ly 

plausible . As has been mentioned be fore , ammonium salts tend to result 

in acid conditions , while the pH is l ike ly to increa se when the sole 

n itrogen source is n i trate . Robbins and Hervey ( 1 96 5 ) found that the 

growth response to pH is much di fferent i f  micro e l ements , e specially 

mangane se and calcium are supplied in the medium . I t  was found that 

certain amino ac ids could be e f fectively uti l i z ed at a pH of 4 . 8  only in 

the pre sence of manganese and calcium . In addit ion , Robbins and Hervey 

( 1 9 6 5 )  found that the growth at pH 4 . 8  was equal to the growth at pH 6 . 5 ,  

if  large amounts of manganese and calcium were used i n  the medium . 

Brock ' s  medium did not inc lude manganese or calcium .  

Rel ated to p H  e ffects i n  pure culture s are reports o f  the soi l  pH 

where Morche lla sporocarps have been found . A number o f  re searchers have 

reported that sporocarps were found on soi l with near neutral pH 

(Grainger ,  1 94 6 ; Sanderson , 1 969 ) while De lmas and Bunel ( 1 9 7 4 )  reported 

sporocarps on soi l  with pH from 5 . 5  to 8 .  It should be noted tpat the se 

soil pH readings may be an indication of such factors a s  composi tion o f  

so i l , soil fert i l i ty , organic matter content , drainage , and c l imate ; as  

11  · d '  t '  of a range o f  pH that pe rmits reproductive growth . 
we as an in ica ion · 

The pH tolerance may also l· nai· cate di fferences among s trains or species . 
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Nutrient Ava i l ab i l i ty 

The ava ilability of nutrients i s  a contro l ling factor in the 

change from vegetative to reproduc tive growth for many fungi . Sexual and 

asexua l reproduction often occurs when a vigorous myce l ium exhausts its 

nutrient supply (Cochrane , 1958 ; Morton , 1967 ) . Fru i t ing o f  fungi 
·
i s  

sometime s s t imulated b y  a trans fer from rich t o  dilute media ( Hawker , 

1 9 5 7 ) . Not a l l  fungi sporulate when nutrients become l imi ting . Cytaria 

gun i i  fruits in respon se to the initiation o f  new spring growth b y  i t s  

host , the beech tree (White , 1954 ) . Peni c i l l ium and Asperg i l l i s  are 

stimulated to sporulate in the presence of abundant a s s imilabl e carbo-

hydrate s ( Ainsworth , 1 966 ) . 

In this study no morphological change s were observed to occur due · 

to change s in nutrient availabil ity . Mycelium cultured on peat was 

exposed to l imi ting nutrients fol lowed by optima l  nutrients and then by 

cond itions o f  l imited or no nutrients . No diffe rence s  were observed in 

the growth habits or appearance of cultures regardle s s  o f  the nutrient 

supply .  The abQve phenomena may apply to the induction o f  frui ting of 

Morche lla , but the re sults of this study indi cate that ava i labi lity o f  

nutrients i s  not a n  overriding factor in the induction o f  reproductive 

growth by Morche l la .  

Other Factors 

Many fungi are able to synthesize all  the requ ired vitamins 

( Ainsworth , 1 9 6 6 ; Hawker , 195 7 ) . In some cases vitamin s are synthe s ized 

1 f etative but not reproductive growth ( Cochrane , 
at adequate leve s or veg , 

195 8 ; Ainsworth , 1 966 ; Hawker , 1 95 7 ) . Morchel la appear to show no 



requirement for exogenous vitamin supplies in thi s  study . Thiamine , 

inosi to l , and n icotinic acid have been found to inhibit growth , at the 

concentrations used in thi s study . A number of vitamins tested , espe-
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cially calcium pantothenate and pyridoxine , al lowed for greater amounts 

o f  growth than the control medium with no vitamins ,  but no d i f ferences 

between vitamin treatments and the control could be j udged s igni ficant by 

statistical analys i s . The results of thi s  te st are supported by findings 

o f  other studi e s . Hurn i ( 1 946 )  found an inhibition with the addition of 

thiamine . Wil l iam and Wil liam-Enge l s  ( 195 6 )  reported that vitamins 

thiamine , pyridoxine , pantothenic acid , and biotin did not i n fluence 

growth . 

Some fungi may be stimulated to sporulate by d i f fu s ible substances 

that may originate from plants , bacteria , other fungi , or l ike fungi . 

Thi s may be due to e ffects on the nutrient media (pH , reduction o f  

nutrient avai labi lity)  o r  t o  the pre sence o f  organ i c , growth regu lating 

compounds ( Cochrane , 1958 ; Hawker , 195 7 ; Asthana and Hawker , 1 9 3 6 ; 

Leonian and L i l ly , 1 9 3 7 ) . The e ffect may be due to an inhib i t ion o f  

vegetative growth or the induction of reproduct ive growth . The only 

growth regulator of this type that has actually been i solated is copra-

gen . c9progen i s  produced by certain fungi and a c tinomycetes and stimu-

lates reproductive growth in Pi lobus (Cochrane , 1 95 8 ) . In  thi s  s tudy 

Morche lla was found to re spond to factors pre sent in potato tubers by 

increased growth . Factors present in a homogenate o f· Morchel l a  sporo-

d h Ce the tendency to produce s c lerotia and increase 
carps were f oun to en an 

the amount o f  growth . The respon ses observed may be due to conunon 
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nutrients supplied i n  the potato o r  sporocarp homogenate . Apparently the 

sporocarp homogenate contains a substance that promotes sclerotia forma-

tion . 

I f  a growth factor is  needed to induc e or pe rmi t reproductive 

growth , it is probably a substance found commonly in many d iverse 

habi tats .  Such a substance may be available to Morche l la in larger 

quantities at times when plants are weakened by environmental stress . 

Mushroom hunters have known for many years that large numbers o f  more l s  

a r e  l ikely t o  b e  found o n  burned-over land . In  mor e  recent years more l s  

have been found i n  large numbers near e lm tre e s  that a r e  infected by 

Dutch Elm di sease . Roze reported finding Morchel la e sculenta para sit-

i z ing rhi zomes of  Jerusalem artichoke ( S inge r , 1 9 6 0 ) . Morche lla may need 

to grow as  a paras itic form or a mycorrhizal form to enter a reproductive 

phase . Singer ( 1961 ) has suggested that Morchel la may be a facul tative 

parasite or a facul tative mycorrhi zae . I f  Morche l la does need certain 

growth factors it may get these substance s  by growing as a parasitic or 

mycorrhizal form . Thi s could explain the unusual numbers o f  morel s  found 

following situat ion s where large numbers of plants have been inj ured . 

Weakened plants might be expected to leak contents o f  the cytoplasm 

through thei r  membranes , thus enhancing a mycorrhizal type o f  growth , or 

the weakened plants might be parasitized by Morche l l a . Saprophytic fungi 

o ften wi l l  grow parasitically when they come in contact with a suffi-

ciently weakened plant . 

Scl erotia 

h d 1 t f Sc lerotia under certain nutri tonal conditions 
T e eve opmen o 

has been the only morphogene tic change observed in thi s  s tudy . 
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In thi s study the primary factors that were observed to a f fect 

sclerotia production are the nitrogen source and concentration , and the 

concentration of phosphate . Sanderson ( 1 96 9 )  ob se rved di f fe rent 

tendenc ies to produce sclerotia among three d i f ferent myc e l ial strains . 

Sander son ( 1 9 6 9 )  a l so found a relationship be tween the sucrose concentra-

tion and s c lerotia produc tion . In the pre sent s tudy s clerotia were con-

s i stently formed when the sole nitrogen source was potas sium nitrate , and 

occa s ionally small numbers were produced when n it rogen was suppl ied as 

ammonium s a l t s . Produc tion of sclerotia by some other fungi i s  influ-

enced by the source of nitrogen . Sclerotinia rol fs i i  requires a n  organic 

form of n i trogen to form sclerotia { Hawker ,  1 9 5 7 ) . Botry t i s  cinerea wi l l  

not produce s c lerotia when suppl ied with pota s s i um n i trate , peptone , or 

a sparagine ( Hawker , 195 7 ) . Sclerotinia sclerotiorum wi l l  produce 

sclerotia i f  supplied with potassium nitrate or an organic ni trogen 

source , but produce s few sclerotia when the ni trogen source is an ammo-

niurn salt ( Hawker , 1 95 7 ) . Morton ( 1 967 ) has described morphogene s i s  o f  

Neuspora cra s sa depending on whether nitrogen was s uppl ied as ammonium 

or n i trate . In this study it was also found that phosphate concentra-

tion s greate r than 0 . 01 M inhibited sc lerotia formation regardl e s s  o f  

whe ther nitrogen was suppl ied as ammonium o r  n i trate . 

Sclerotia t i s sue s in thin sections are observed to have a much d i f-

t t .  e mycel ium In thi s study , sclerotia ferent organ i zation than vege a iv · 

were found to be made up of pseudoparenchyrnatous t i s sue . Sclerotia pro-

bl morphogenetic change , requiring change s in the 
auc tion is proba y a 

enzyme activity . Thus the nitrogen source may be involved with induc -

tion and repre s s ion at the genetic level for Morchel la . 



CONCLUS IONS 

1 .  Specific leve l s  of n itrogen , phosphorous ,  potas sium or sucrose do 

not induce morphogenesis to reproduc tive growth for Morche lla . 

2 .  Nei ther an increase nor a gradual exhaustion o f  nutrients induce s  

reproduc t ive growth for Morche lla . 
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3 .  Ammonium or nitrate salts can both serve as good n itrogen sources 

for Morche l la .  The concentrations o f  the ammon ium ion for optimum 

growth i s  about 0 . 01 M .  Higher levels o f  ammonium lead t o  inhibi

tion o f  growth , e spec ially at leve l s  greater than 0 . 0 5 M .  Optimal 

leve l s  o f  the n itrate ion are at 0 . 05 M or higher . I nhibitory 

e f fec ts do not occur at levels of nitrate as  high as 0 . 6 M .  

4 .  When ammonium and nitrate are both pre sent , Morche l la util izes the 

ammon ium preferen tially . 

5 .  Growth of Morchella increases as the concentration o f  potas s ium , as 

pota s s ium n itrate , increases to 0 . 2 5  M .  Leve l s  o f  pota s s ium nitrate 

as high a s  0 . 6 M are not inhibitory . 

6 .  Bene fits due to the presence of increased amounts o f  phosphate , 

supplied as dibasic sodium phosphate and monobas i c  potas s ium phos

phate , are largely due to buffering e ffec t s . 

7 .  Increases the phosphate concentration bring about grea ter vegeta

tive growth by Morche l la , to a concentration o f  0 . 0 5 M. Higher 

8 .  

concentrations are inhibi tory . 

Wel l  Over a pH range from 3 . 0  to 6 . 2 5 ,  with the 
Morche l la grows 

be st growth observed at pH 5 . 0 . 
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9 .  Morche lla can grow we ll on a l l  the sugars te sted . Glucose , mannose 

and sucrose provided for the best growth . The abi l i ty to util i ze 

some sugars i s  related to the supply o f  mineral s  and ni trogen . 

1 0 . Morche l la re sponds to increasing level s  o f  sucrose , up to 1 0 0  g/l 

wi th increasing growth . 

11 . Substance s  pre sent in potato tubers and Morche l la sporocarp tissue 

promote growth of Morche lla mycelium .  Morche l l a  sporocarp t i s sue 

added to the medium promote s sc lerotia formation . 

12 . The presence of  ammonium or levels of  phosphate greater than 0 . 01 M ,  

inhibit sclerotia production by cultures on agar . S c lerotia are 

produced in high numbers if nitrate salts are the so le n itrogen 

source . 

1 3 . The tes ted vi tamins do not appear to s timulate growth o f  Morchel l a  

s igni ficant ly . Thiamine , inositol , and n icotinic acid a r e  inhib

itory , at  the concentrations tested . 
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APPE1TDIX A 

Tab le 3 .  Standard med ium , with bu f f er . 

Co;nponen t 

NH 4N03 
KN0 3 
H3Bo3 
KH 2Po 4 
KI 
Na iMo04 
CoC l z · 6HzO 
CaC 1 2 · 2H20 

·MgS04 · 7Hz0 
MnS04 · H20 
ZnS 04 · 7H20 
CuS04 · SH2o 
Na 2EDTA 
FeS04 · 7H20 
Thiamine HC l 

· N i c o t in i c  a c id 
Pyridoxine HCl 
Phosphate Buff er : 

NazHP04 
KHzP04 

S u crose 
Agar 

C o n c en t r a t i on 

1 6 5 0 . 0  mg / l  
1 9 0 0 . 0  

6 . 2  
1 70 . 0  

0 . 8 3 
0 . 0 2 5 
0 . 0 2 5 

4 40 . 0  
3 70 . 0  

2 2 . 3  
8 . 6  
0 . 02 5  

3 7 . 35 
2 7 . 85 

0 . 1 
0 . 5  
0 . 5  

3 5 5 . 0  
6 4 60 . 0  

30  g / l  
1 0  g / l  

5 0  



APPEND IX B 

Tab le 4 . Anal y s is of . var ianc e :  N i trogen t e s t s �  

S ource of Varia t ion df SS MS F 

S ource 3 2 0 3 34 6 6 7 7 8 2  2 8 . 90* 
C oncen t ra t ion 4 1 1 3 88 2 6  2 8 4 706 . 5 0 1 2 1 .  34* 
C e l l s  1 9  2 4 1 5 34 2 
Source X C oncent ra t ion 1 2  1 0 7 3 1 70 89 4 30 . 8 1  3 8 . 1 3* 
E r ror 69 1 6 1 850 2 3 4 5 . 6 5 
To tal  88  2 5 7 7 1 9 2  

*Signif icant a t  the . 0 1  leve l . 

Tab le 5 .  Ana lys is of v ar ianc e :  Variab le concen t r a t i on o f  p o ta s s ium 
n i t r a t e . 

S ource of Var i a t i on 

Among Treatment s  
Within Treatment s  
Tota l 

*S igni f i cant a t  the . 0 1  leve l .  

df 

1 1  
4 2 
5 3  

S S  

1 36 3660  
2 2 2 6 6 1 

1 5 8 6 3 2 1 

MS 

1 2 39 69 . 0 9 
5 30 1 . 45 

F 

2 3 . 3 8 *  

Tab l e  6 .  Analysis o f  variance o f  cul tures g rown on med i a  c on ta ining 
different concentra t ions o f  phosphat e ion . 

S ource o f  Varia t ion 

Among Trea tment s  
Within Trea tments  
To tal  

df  

7 
3 1  
38 

*Signi f i cant a t  the . O J leve l . 

S S  

35 3 2 6 8 2 . 80 
4 2 88 1 3 . 20 

39 6 1 49 6 . 00 

MS 

5 0 4 6 6 8 . 9 7  
1 38 3 2 . 6 7 

3 6 . 4 8* 

51 



Tab l e  7 .  Analys is of  var iance o f  cultures grown on med i a  having 
d i fferent ini tial pH . 

S ource of  Var i a t ion df SS  MS  F 

Among T rea tment s 
Within Trea tment s  
T o t a l  

7 
30 
3 7  

1 7 79 1 4 8 . 4  
9 5 5 25 . 6  

1 8 7 46 74 . 0  

2 5 4 1 6 4 . 05 
3 1 84 . 19 

79 . 8 2 *  

*S ignifi c an t  a t  the . 0 1  leve l . 

5 2  

Tab l e  8 .  Analys is o f  variance o f  cul tures grown with dif f erent s ugars 
and the s t andard , unbuffered me dium . 

S ource o f  Varia t i on 

Among Treatment s  
Wi thin T reatment s  
T o ta l  

d f  

1 0  
40 
5 0  

*S igni f i can t at  t h e  . 0 1  leve l . 

S S  

1 8 9 34 1 4 . 00 
1 1 52 9 8 . 35 

2 1 08 7 1 2 . 35 

MS 

1 89 34 1 . 4 0 
2 8 8 2 . 4 6 

F 

65 . 6 9 *  

Tab le 9 .  An alys is o f  var iance o f  cul tures grown wi th d i f f e ren t sugars 
and in creased leve ls of NPK . 

S ource of Varia ti on 

Among Trea tment s  
Within Treatmen ts 
Total 

df 

10 
38 
4 8 

*S i gni f icant a t  the . 0 1  leve l .  

S S  

3020 9 2 1 . 32 
9 3 1 1 4 . 32 

3 1 1 4035 . 6 4  

MS 

3 0 2 09 2 . 1 3  
2450 . 38 

F 

1 2 3 . 2 8* 

Tab le 1 0 . Analys i s  of variance of cultures grown on media having 
d i f f e rent concent rat ion s o f  sucrose . 

S ource o f  Variat ion d f  S S  MS F 

Among Treatment s  4 5 2 1 69 5 . 2 5 1 30 4 2 3 . 8 1 2 7 .  70* 
Wi thin Treatments 1 8  8 4 7 6 3 . 75 4 709 . 1 0 

To t a l  2 2  6064 59 . 00 

*S ign i f i c an t  a t  the . 0 1 level . 



Tab le 1 1 .  Ana lys i s  o f  variance o f  cul t ur e s  in me d i a  c on t a i ning 
d i f f er en t  v i t amins . 

S ou r ce o f  Va r i a t ion df S S  M S  F 

Among Trea tment s  1 0  1 85 8 8 . 9 1 1 85 8 . 89 3 . 9 9 *  
Wi thin Trea tmen t s  4 3  20 0 3 5 . 2 6 4 6 5 . 9 4  
To t a l  5 3  3 8 6 24 . 1 7  

* S ig n i f i can t  a t  the . 01 leve l . 

53  

Tab l e  1 2 . Ana lys i s  o f  variance of cultures o n  med i a  c on t a i n ing a 
homog ena t e  o f  Mo rch e l l a  s p oro c arp s i n  v a r i o u s  concentrat i ons . 

S ou r c e  o f  Va ria t i on 

Among Tre a tment s  
W i t h in T r e a tmen t s  
To t a l  

d f  

4 
1 8  
2 2  

* S i gn i f i cant a t  t h e  . 0 1 leve l . 

S S  

3 4 1 2 7 7 . 6 7  
1 0 36 7 . 20 

MS 

85 3 1 9 . 42 
5 75 . 9 6  

F 

1 4 8 . 1 3* 

Tab l e  1 3 s Ana lys i s  o f  var i ance of cul tures g r own on med i a  c on t a ining 
d i f fe rent amoun t s  of an extra ct f rom p o t a t o  t ub er s . 

S o u r c e  o f  Variat i on df S S  MS F 

Among Trea tmen t s  5 1 6  7 2 7 6 1 .  00 .3 34 5 5 2 . 20 .  7 9 . 45* 
Wi t h in T rea tmen t s  22  9 2 6 4 4 . 00  4 2 1 1 . 09 

T o t a l  2 7 

* S i gn i f i cant at the . 01 leve l .  



AP P ENDIX C 

Tab le 1 4 . S ign i f i c an c e  o f  d if f e renc e s  b e tween t re a t ment s  in t h e  
nit r o g en t e s t s , a s  eva lua ted b y  Tukey ' s  ome g a  t e s t . *  

L eve l s  Wi thin S ou r c e s  

NH 4N03 : 
Leve l 0 . 10 M 0 . 0 0 1  M 0 . 0 5 M 0 . 005 M 0 . 0 1 M 
Rep l ica t i ons 5 3 3 4 5 
Mean , mg 0 1 3 2 . 00 3 0 5 . 0 0  5 3 1 . 7 5 6 6 6 . 40 

NH 4T a r t ra t e : 
0 . 10 M 0 . 0 5 M Leve l 0 . 00 1  M 0 . 0 0 5  M 0 . 0 1 M 

Rep l i c a t ions 2 3 5 5 5 
Mean , mg 10 . 5 0  5 5 . 3 3 2 2 6 . 0 0 3 2 9 . 20 4 5 4 . 00 

NH 4C l :  
Leve l 0 . 00 1  M 0 . 10 M 0 . 05 M 0 . 00 5  M 0 . 0 1 M 
Rep l i c a t ions 5 5 5 5 5 
Mean , mg 66 . 40 1 6 6 . 0 0 2 0 2 . 40 2 84 . 6 0 2 9 7 . 00 

NaN03 : 
0 . 00 5  M 0 .  0 1  M · L eve l 0 . 0 01 M 0 . 10 M 0 . 05 M 

Rep l i ca t i ons 5 4 5 5 5 
Mean , mg 1 3 0 . 40 1 8 3 . 5 0 2 9 4 . 80 3 2 7 . 6 0 3 4 8 . 2 0 

5 4  

*Tre a tmen t s  und e r l ine d  b y  t h e  s ame line a r e  no t s i gn i f i ca n t ly d i f f e ren t 
a t  the . 05 l eve l . 



5 5  

.Tab l e  1 5 . S igni f ican.:e of d i f fe rences b e tween tre a tme n t s  in the nitro
gen t e s t s , a s  �va lua ted by Tukey ' s  ome ga t e s t . *  

Sour ces Wi thin Levels 

0 . 001 M:  
S ource NH4C l  NaN05 NH 4N0 3 NH4Tar . 
Rep l i c a t i ons 5 3 5 
Mean , mg 6 6 . 40 1 30 . 40 1 3 2 . 00 2 2 6 . 00 

0 . 00 5  M :  
Sour ce NaNO� NH4 C l  NH 4Ta r . NH 4N0 3 
Rep l i c a t ions 5 5 4 
Mean 183 . 5 0 2 84 . 6 0 3 2 9 . 2 0 5 31 .  7 5  

0 . 0 1 M :  
S ource .NaN05 NH 4C l  NH4Tar . NH4N0 3 
Replicat ions 5 5 5 
Mean 29 4 . 80 2 9 7 . 00 4 5 4 . 0 0 6 6 6 . 40 

0 . 0 5  M :  
S ou r ce · NH4Ta r .  NH4C l  NH4N0 3 NaN0 3 
Rep l i c a t ions 3 5 3 5 
Mean , mg 55 . 33 2 0 2 . 40 305 . 00 3 4 8 . 20 

0 . 10 M :  
Source NH4N0 _5 NH4Ta r .  NH4C l  NaN05 
Rep l i ca t i ons 2 5 
Mean , mg 0 10 . 50 1 6 6 . 0 0 3 2 7 .  60 

*Treatments under lined by the s ame line are not s i gn i f i c an t ly dif f e ren c 
a t  the . 05 leve l .  

Tab le 17 . S i gni f i cance o f  d i f f erence s  b e tween cul ture s grown �ith 
d i f f e rent concen t r a t ions of phosph a t e  in the �c d ium ,  as 

- ' 
· eva lua ted by Tu�ey s omega tes t • 

0 . 00 5  
5 

3 8 7 . 80 

0 � 20 
5 

5 81 . 0 0 

. Q , l� 
5 

7 75 . 80 

0 . 01 
5 

84 6 . 60 

0 . 10 
5 

8 5 4 . 2 0 

0 . 75 0 . 0 5 
5 5 

9 86 . 20 1 2 2 3 . 2 0 

Cone . , M . 0 1 2 5  

Rep s . 4 
Mean , mg 19 5 . 0 0 _:_----====--======--=====-������-=====��_; 

*Trea tment s  under l ined b y  the s ame line are n o t  s ignif i can t ly di f f eren t  

a t  the . 05 · leve l 



Tab le 16 . S igni f icance o f  d i f f e rences among cul tures gr own on media containing d i f f erent conc en
t ra t ions of p o t a s s ium ni t r a t e , as evalua ted by Tukey ' s  ome ga tes t . *  

Level 0 . 01 M 0 . 05 M 0 . 10 M 0 . 15 M 0 . 30 M 0 . 20 M 
Rep l icat ions 5 4 5 1 5 4 
Mean , mg 2 0 7 . 80 29 8 . 25 3 7 1 . 60 446 . 00 5 36 . 2 0  608 . 00 

( C on t inued )  0 . 40 M 0 . 45 M 0 . 35 M 0 . 25 M 0 . 60 M 0 . 50 M 
5 5 5 5 5 5 

6 30 . 40 6 4 2 . 00 6 48 . 00 65 4 . 40 6 6 3 . 60 6 86 . 80 
/. 

*Treatmen ts underlined by the s ame l ine are no t s igni f i can t ly d i f f e rent a t  the . 05 leve l . 

I 

\JI 
O'\ 



Tab le 19 . S ign i f i cance o f  d i f f erences b e tween cul tures r e c e iv ing d i f f erent sugars and the s t andard , 
unbuf f ered medium , as eva lua t e d  by Tukey ' s  ome ga te s t . * 

Sugar 
Rep s . 
Mean , mg 

Glu . 
5 

606 . 60 

Mann . 
5 

5 8 7 . 80 

S ue . 
5 

3 3 7 . 60 

Ga l a c . 
5 

2 2 4 . 00 

La c t . 
5 

1 6 2 . 00 

Rhamn . 
5 

1 5 6 . 60 

Fruc t . 
5 

1 2 1 . 6 0 

Arab . 
5 

109 . 20 

G lu . A .  
5 

6 9 . 40 

Xy l o s e  
4 

6 8 ". 75 

*Tre a tmen ts under lined by the s ame l ine are no t s i gni f i cant ly d i f feren t at the . 05 l eve l . 

G a l . A .  
2 

35 . 00 

Tab le 20 . S i gni f i cance of differences b e tween cul tures grown on me dia having d i f ferent sugars and 
with increased leve ls of NPK ,  as eva lua ted by Tukey ' s  omega tes t . *  

Sugar 
Reps . 
Mean , mg 

Mann . 
5 

755 - 00 

Sue . 
5 

6 7 4 . 20 

G lu . 
5 

6 26 . 40 

Fruc . 
5 

5 9 2 . 00 

Ga la c . 
5 

3 9 1 . 40 

Xy lose 
5 

3 3 2 . 60 

Arab . L a c t . 
5 4 

2 0 7 . 40 185 . 76 

Rhamn . 
5 

7 7  . 60 

Gal . A .  
2 

1 5 . 5 0 

*Trea tmen ts under lined by the s ame l in e  a re no t s i gni f ican t ly d i f f eren t  a t  the . 05 leve l . 

Glu . A .  
3 

1 5 . 3 3 

Vl 
-.....J 



5 8  

Tab l e  1 8 . S i gni f i c a n c e  o f  d i f f e renc e s  among cul ture s on med ia w i th 
v a r i ab le ini t ia l  pH , as evalua ted b y  Tukey ' s  omega t e s t . *  

pH 
Rep l i c at i ons 
Mean , mg 

2 . 5  
5 
0 

3 . 0  
4 

9 3 . 00 

3 . 5  
5 

4 39 . 40 

4 . • o 
5 

4 85 . 60 

4 . 5 
5 

5 35 . 8 0 

6 . 2 5 
5 

5 6 6 . 80 

5 . 5  
5 

5 7 7 . 80 

5 . 0 
4 

6 1 1 .  75 

*Trea tment s  un de r l ined by the s ame l ine a re not s i gn i f i can t ly d i ffe r e n t  
a t  t h e  �05 leve l .  

Tab le 2 1 . S i gn i f i c ance o f  d i f f e rences b e tween c u l t u r e s  g rown on me d ia 
having d i f f e ren t s uc r o s e _ concen t r a t i ons , a s  eva lua t e d  by 
T ukey ' s  ome ga t e s t . *  

Concen t ra t ion , g / 1 
Rep l i c a t i o n s  
Mean , m g  

5 
5 

1 15 . 60 

5 0  
5 

2 4 7 . 80 

2 0 0  
4 

3 2 7 . 7 5  

1 5 0  
4 

4 5 6 . 5 0 

.!..00 
5 

5 2 7 . 0 0 

*Trea tmen t s  · und e r l in e d  by the s ame l ine a r e  no t s i gni f i c an t ly d i f f e re n t  
a t  t h e  • 05 leve l . .  

Tab le 2 2 . S i gnif i c an c e  o f  d i f f e rences b e tween t re a tmen t s  w i th p o t a t o  
ex t ra c t  in t h e  med i a , a s  evalua t e d  b y  Tukey ' s  o me ga t e s t . *  

Amoun t o f  E x t r a c t  0 %  
Rep l i ca t ions 5 
Mean , mg 9 3 . 2 0 

5 %  
5 

5 2 4 . 60 

7 5 %  
5 

5 6 1 . 80 

10% 
4 

6 5 4 . 0 0 

5 0% 
5 

6 7 1 . 4 0  

2 5% 
4 

8 6 4 . 0 0 

*Trea tmen t s  un d e r l in e d  by t h e  s ame l ine are no t s i gn i f i cant ly d i f f e ren t 
a t  the . 0 5 l eve l . 

Tab l e  2 3 . S ig n i f i c a n c e  o f  d i f f erences b e twe en t re a t me n t s  w i th d i fferent 
amoun t s  of s p o r o ca rp homogena te in the me d i a , a s  eva lua ted by 
Tukey ' s  ome g a  t e s t . *  

Amoun t  o f  H omogen a t e  0 . 0 1 %  0% 0 . 10 % 1 . 0% 1 0 . 0% 
Rep l i c a t ions 5 4 5 5 4 
Mean , mg 90 . 2 0 9 7 . 5 0 9 7  . 6 0 1 5 1 . 40 4 2 5 . 5 0 

*Trea tmen t s  unde r lined by the s ame l i ne are not s igni f i can t ly d i f f e r�n t  
a t  the . 0 5 leve l . 



Table 2 4 . Eva luation o f  vitamin treatment s  by Dunne tt ' s  te s t . 

5 9  

Treatment Repl
_
ications Mean , mg Control - Treatment * 

Control 
Nicot inic acid 
Thiamine 
Inos itol 
Biotin 
p-aba 

· Pyridoxine HCl 
Ca Pantothenate 
Ribo flavine 
Folic acid 
All vitamins 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 

3 1 . 84 
0 . 1 4 
0 . 5 2 
5 . 5 6 

2 9 . 38 
40 . 1 4  
4 9 . 2 8  
5 1 . 14 
4 2 . 74 
4 6 . 30 
3 2 . 88 

3 1 . 7 0 
3 1 . 3 2  
3 4 . 2 8 

2 . 4 6 
- 8 . 30 
- 1 4 . 84 
- 1 9 . 3 0 
- 1 0 . 90 
- 1 6 . 2 3 
- 1 . 04 

*Minimum difference for s igni ficance at the 0 . 0 5  leve l ; 3 8 . 3 1 with 5 
replication s , 4 1 . 1 7 with 4 repl ications . 
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