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ABSTRACT . 

This s tudy  w a s  i n i t i a t e d  t o  determine the  e f f e c t  mycorrhiza 

have on the growth of Lilium. It was conducted i n  t h e  P lan t  Science 

greenhouses at  Newark, Delaware during 1970 and 1971. The experi- 

mental  des ign  w a s  a s p l i t  p l o t  r ep l i ca t ed  f o r t y  t i m e s .  

This  experiment analyzed t h e  e f f e c t  t h a t  two s o i l  types,  

two L i l i u m  taxa and two innoculatioris had on growth. 

The e f f e c t  t h a t  t he  innoculat ions had on t h e  growth of Lilium 

was h i g h l y  s i g n i f i c a n t .  The t i s s u e  ana lys i s  y i e lded  r e s u l t s  ind ica t -  

ing an inc reased  a b i l i t y  of mycorrhizal p l a n t s  t o  ob ta in  n u t r i e n t s .  

This s tudy  showed t h a t  v i s u a l  d i scr imina t ion  of mycorrhizal 

p l a n t s  is poss ib l e .  

I 



INTRODUCTION 

This investigation was begun to establish the possibility of 

an endotrophic mycorrhizal association in the genus $ilium and to 

determine whether or not it is beneficial to the plant. 

Researchers and gardeners alike have long underestimated the 

role the rhizosphere plays in the quality of plants they grow. Most 

growers think only of supplying water, nutrients, the correct pH, 

aeration, and other commonly appreciated requirements. We have only 

recently come to realize that the microflora of the root zone is also 

a very important consideration. 

We now recognize that many of the practices associated with 

the growing of horticultural crops may have harmful effects. The 

rhizosphere, the area surrounding the root where interactions among 

so i l  microflora and fauna occur, is in a state of sensitive balance 

that can be unknowingly disrupted by seemingly unrelated activities. 

We can not ignore the potentially harmful effects of soil steriliza- 

tion and other soil amending processes. 

As early as 1820, the presence of the mycorrhizal-forming 

fungus was observed. 

the functions were understood. At that time, some believed the my- 

corrhizal association to be a disease while others believed that ' ' 

However, it was not until recently that any of 

plants were growing parasitically on the fungus. 

1 
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The mycorrhizal association is mutually beneficial to the 

plant and the fungus. 

uptake and the fungus benefits by recieving carbohydrates from the 

higher plant's reserves. 

The plant benefits by the increased nutrient 

Researchers were slow to realize that two types of mycorrhiza 

exist. Much of the early work was done by foresters who found the 

ectotrophic mycorrhiza growing on the roots of pine. Ectotrophic 

mycorrhiza have a large mass of mycelium visible outside of the root. 

Even though the fungus was clearly visible, they did have miscon- 

ceptions about its function. Much work was done with ectotrophic 

mycorrhiza before researchers realized that endotrophic mycorrhiza 

existed. Endotrophic mycorrhiza have only a small mass of mycelium 

outside the root while a much greater percentage is found internally. 

The endotrophic mycorrhiza were more common but since they did not 

alter the gross morphology of the root they were overlooked. 

The fungus Endopone fasciculata (Thaxter), found in almost 

any soil, is very active in the rhizosphere. 

roots that supply carbohydrates on which the fungus could feed. These 

organisms are destroyed by soil sterilization., The result is that the 

mycorrhizal association that Endoaone is capable of forming with plants 

is not established. This fungus, in a mycorrhizal association, pro- 

It readily attacks 

vides the plant with nutrients that they are not otherwise able to get. 

It is important to understand the exact role mycorrhiza play 

in plant nutrition. Mycorrhizal plants are found almost everywhere 
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in the world and the benefits they offer could yield significant econ- 

omic benefits. 



- LITERATURE REVIEW 

The presence of mycorrhiza in the rhizosphere was estab- 

lished in the early 1800's. The discoverers knew that mycorrhiza 

existed because they could see its mycelium on the surface of the 

roots. The reaearch since then has yielded information on the hab- 

its, functions, types and visual expressions of mycorrhiza. 

Gerdemann (2) came to the conclusion that "vesicular- 

arbuscular mycorrhiza occur on most cultivated crops and on many 

herbaceous and woody non-cultivated plants." 

transferring innoculum has held back research with mycorrhiza. 

Researchers began to notice that there were other indications of 

The difficulty in 

infection that were not as obvious as the mycelium present on the 

roots. Many of these indications had been noted before but they 

had never been associated with mycorrhiza. 

Daft and Nicolson (1) in 1966 listed specific outward ex- 

pressions of the presence of a mycorrhizal association. They 

noted that the endotrophic mycorrhiza did not cause the root struc- 

ture to change as did the ectotrophic. Endotrophic mycorrhiza 

caused a color change in the roots. Maize roots that were uninfected 

remained white while infected roots turned a pale yellow. This 

color disappeared quite rapidly upon exposure to light so its value 

as a criterion of infection is questionable. Other observational 

4 
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criteria i n d i c a t i n g  mycorrhizal presence inc lude  such things as a 

r e d u c t i o n  i n  t h e  number of r o o t  h a i r s ,  and t h i c k e r ,  more b r i t t l e  

and con t r ac t ed  roo t s .  

to be p o s i t i v e  i n d i c a t o r s .  

None of these  cr i ter ia  are d e f i n i t i v e  enough 

Daf t  and Nicolson (1) a l s o  observed t h e  most obvious and 

probably t h e  most important c r i t e r i o n ,  which i s  the s i z e  and v igor  

of the p l a n t s  a f f e c t e d  by the  mycorrhiza-forming fungi .  Gerdemann 

(2) observed s i m i l a r  r e s u l t s  i n  maize when h i s  mycorrhizal test p l a n t s  

grew f o u r  t i m e s  l a r g e r  than the  con t ro l s  i n  both f r e s h  and dr ied 

weight .  This, according t o  Gerdemann ( 2 ) ,  se rves  as an exce l len t  in-  

d i c a t o r  of mycorrhizal  presence i f  r e s u l t s  can be compared t o  a con t ro l  

p l a n  t i n  g . 
N e i l l  (6) s t a t e d  t h a t  t h e  degree of i n f e c t i o n  w a s  influenced 

be t h e  v i g o r  of t h e  roo t s .  The more vigorous r o o t s  tended t o  be 

less mycorrhizal .  This  seems t o  i n d i c a t e  t h a t  p l a n t s  can be in fec t ed  

more r a p i d l y  when they are i n  a stress condi t ion.  The p l a n t s  do not  

seem t o  b e n e f i t  from t h e  mycorrhizal a s s o c i a t i o n  when they have an 

adequate  supply of n u t r i e n t s .  This adequacy of n u t r i e n t s  r e su l t ed  

in vigorous growth which, according t o  N e i l l ,  r e s u l t e d  i n  a decreased 

pe rcen tage  of i n f e c t i o n .  Mycorrhiza, then,  serve t o  provide p l an t s  

under n u t r i e n t  stress wi th  the  less a v a i l a b l e  forms of n u t r i e n t s .  

The b e n e f i c i a l  a f f e c t s  of mycorrhiza seem t o  relate t o  the  

a b i l i t y  of t h e  fungus t o  obta in  unavai lab le  n u t r i e n t s ,  Gerdemann(4) 

found t h a t  i n  both  maize and t u l i p t r e e  t h e r e  w a s  a s i g n i f i c a n t  in-  
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crease in growth of mycorrhizal plants over non-mycorrhizal plants 

attributable to enhanced phosphorus uptake. Soil samples drawn 

from these plantings indicated a greater depletion - of phosphorus 

and potassium by the mycorrhizal plants. 

plants to more effectively assimilate nutrients is still not under- 

stood completely but it is believed to be related to the fungus' 

superior ability to utilize the less available forms of nutrients. 

Gerdemann ( 4 )  also stated that the fungus benefits from the associ- 

The ability of mycorrhizal 

ation. He found that the fungus is initially attracted by carbo- 

hydrate exudates from the plant roots and, once attracted, they would 

penetrate the root cells and begin to utilize the carbohydrate re- 

serves found in the cells. This "feeding" caused the soil micro- 

flora to multiply to an extent far greater than the normal popula- 

tion in the soil. Gray and Gerdemann (5) in their work with radio- 

active phosphorus found that mycorrhizal plants accumulate a greater 

percentage of radioactive phosphorus than did the non-mycorrhizal 

plants. Under low phosphorus conditions the non-mycorrhizal plants 

showed phosphorus deficiencies while those with the symbiotic rela- 

tionship grew more vigorously. 

Daft and Nicolson (1) collected evidence which indicates that 

mycorrhizal plants are better able to utilize the less available forms 

of phosphorus. 

to the soil in which test plants were to be grown. 

with a mycorrhiza-forming fungus were better able to utilize these 

relatively unavailable forms of phosphorus than the non-mycorrhizal 

They added rock phosphate and monocalcium phosphate 

Plants innoculated 
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control. 

Gerdemann (3) observed that an extremely low level of 

available phosphorus hampers mycorrhiza formation and also i.n- 

hibits plant growth. Small amounts of phosphorus are enough t o  

encourage mycorrhiza formation. He stated that a high level. of 

available nutrients tends to reduce the degree of infection and, 

to an even greater degree, to reduce the effect that mycorrhiza 

have on plant nutrition and growth. 

levels of carbohydrates seem to increase the degree of infection. 

To further substatiate his findings, he conducted tests under 

greenhouse conditions during the winter months to show that when 

He also noticed that high 

the light intensity is reduced, mycorrhizal infections were also 

reduced. In the winter months, with less light, reduced photo- 

synthesis would result in a decreased amount of carbohydrates 

stored in the roots. 

Woodcock and Stearn (7) found that lilies respond favor- 

ably to phosphorus which seems to promote root growth. 



METHODS 

This experiment was conducted i n  t h e  P lan t  Science green- 

houses i n  Newark, Delaware. Seeds of L i l i u m  regale (Wils) and 

Li l ium 'Burgundy' were purchased from Rex Bulb Farm in  Oregon. 

Seeds were chosen f o r  t h i s  experiment because they would not  be 

infected by mycorrhizal fungi  and any i n f e s t a t i o n  could be removed 

chemical ly .  The seeds were soaked f o r  twenty seconds i n  a t h r e e  

p e r c e n t  s o l u t i o n  of sodium hypo-chlor i te  t o  des t roy  any fungal 

i n f e s t a t i o n .  The seeds were then washed i n  t h r e e  changes of d i s -  

t i l l e d  water and sown i n  vermicul i te  i n  ten inch seed pans on 

December 1, 1970. Vermiculite was chosen as a s te r i le  medium 

t o  i n s u r e  an uninfected seed l ing  l o t .  The seedl ings were grown 

i n  i s o l a t e d  seed pans u n t i l  they reached t h e  f i r s t  t r u e  l e a f  s tage.  

The s o i l  used was a Manor S i l t  Loam c o l l e c t e d  from two d i f -  

ferent horizons.  

levels .  Samples were taken from both t h e  lower t o p s o i l  of t he  A 

h o r i z o n  and t h e  s u b s o i l  from t h e  B horizon. 

pH of 4.8 and t h e  subso i l  a pH of 5.3. Samples of each were ex- 

posed to l eaching  on t h e  greenhouse bench along with t h e  experi- 

mental  p l a n t s .  

ume, of medium t ex tu red  sand and p e r l i t e .  The s u b s o i l  was a- 

mended i n  t h e  same manner t o  y i e l d  a s u i t a b l e  medium f o r  l i l y  

A p i t  was dug f i v e  f e e t  deep t o  reach subso i l  

The t o p s o i l  had a 

The t o p s o i l  was mixed with equal p a r t s ,  by vol- 

8 
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growth. 

Five hundred one and one fourth inch diameter plastic 

pots were each filled with two hundred grams of each of the two 

soil mixes. Table 1 illustrates the experimental treatments. 
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e seedling transplants were grown in fl t s  on ihe 

greenhouse benches until they were well established and had 

reached a slight root bound condition. 

From each group of two hundred fifty plants, eighty plants 

of uniform size and vigor were selected, 

divided into two groups of forty. 

uninnoculated while the other group of forty was innoculated with 

soil collected from beneath a vigorously growing clump of garden 

lilies. The soil and root segments were tested to determine my- 

corrhizal presence. The roots were found to be heavily infected. 

It is assumed that the soil probably contained spores that served 

as reproductive structures. 

the bottom of each of the pots. 

times. 

innoculations were kept separate while soil groups and lily taxa 

were handled factorially. 

ated to reduce the chance of mycorrhizal contamination. 

were kept seaprated by eight feet of bench space. 

not used in the experiment were placed between the two groups to 

give an added buffer. 

domly arranged in flats and placed on the greenhouse bench. 

were periodically repositioned to give an even sunlight distribution. 

Each group was further 

One group of forty was left 

A ten gram mass of soil was applied to 

Each treatment was replicated forty 

The experiment was set up as a partial split plot where 

Innoculations were split or kept separ- 

The plants 

The extra plants 

The plants within each innoculation were ran- 

They 

To determine the effects of mycorrhiza on phosphorus and 
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potassium uptake, no phosphorus or potassium fertilizer was applied 

to the soil mix at any time. 

(33kO-0) were applied during the experiment to keep the plants in 

a vigorous condition. 

Two applications of nitrogen fertilizer 

Mycorrhizal effects on the plants were visually evaluated 

three weeks before the conclusion of the experiment. 

by ranking all the plants by size. 

to smallest by leaf area. 

This was done 

They were arranged from largest 

At the conclusion of this experiment a l l  the plants were 

harvested ‘to determine the fresh weights of the tops, roots, and 

bulbs. The tops were cut at ground level on all plants. All top 

growth was saved for a tissue analysis to determine relative nutrient 

uptake in the different treatments. Because of the small quantity 

of top growth produced by the plants, it became necessary to combine 

all replications into eight treatment samples to get enough tissue 

to run the analysis. Tissue was analyzed using the perchloric acid 

digest. A .333 gram mass was digested and brought to volume with 

distilled water. These samples were run on the flame photometer 

to determine levels of phosphorus, potassium, calcium and magnesium. 

1 

Root samples were collected to determine which plants were 

mycorrhizal. The roots were processed and stained to detem.ine in- 

fection. The staining procedure is described in Appendix I. 



t 

MATERIALS 

The materials and quantities used were as follows: 

It ems 

1) 1%" plastic pots 

2) Lilium regale seed 

3) Lilium 'Burgundy' 

4) Ammonium Nitrate 

5) Perlite 

6) Sand (medium texture) 

7) Topsoil 

8) Subsoil 

9) Innoculating soil 

13 

Quantity 

1000 

2 ounces 

2 ounces 

50 grams 

5 pounds 

50 pounds 

100 pounds 

100 pounds 

5 pounds 



RESULTS AND DISCUSSION 

The addition of Endonone to the test plants resulted in 

a four-fold increase in plant growth. This increase was evident 

in both visual ranking of the plants and in the fresh weight of 

the plant parts. 

The relative uptake of phosphorus, potassium, calcium, 

and magnesium, which seem to be the nutrients that mycorrhiza 

make more available, was determined by tissue analysis. A com- 

plete listing of significance levels is in Table 3.  

14 
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The ability to visually recognize the presence of my- 

corrhizal and non-mycorrhizal conditions in the plants, by their 

increased vigor and size, is.an indication of the magnitude of the 

effect of mycorrhiza on plant growth. 

trates the results of a visual ranking of the test plants from 

largest to smallest by leaf area only. If mycorrhizal plants are 

more vigorous than non-mycorrhizal plants, the first half, or one 

hundred sixty plants, ranked by size should all be mycorrhizal and 

In the table, non- 

mycorrhizal plants judged mycorrhizal are denoted by a small white 

dot in the center of a shaded block while mycorrhizal plants judged 

non-mycorrhizal are denoted by a small black dot in'the center of a 

white block. 

solid white block. 

Table 2 graphically illus- 

- - -the-second half should all be non-mycorrhizal. 

All plants ranking as expected are represented by a 

As the table shows, nearly eighty-five percent of the plants 

fe l l  into their expected places. 

-to be normycorrhizal fell into the area of the mycorrhizal plants. 

Twenty-five of the plants intended 

- 

It is possible that these plants accidentally became mycorrhizal 

and, as a result, they fell into the range which, by size, would ~ . 

indicate a non-mycorrhizal condition. 

A record of those plants that differed from their expected 

ranking was kept. 

to determine if the plants that failed to rank as expected had taken 

on the condition of the range into which they fell. 

These plants were checked later by root sampling 

Almost with- 
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out exception, those plants that were intended to be non-mycor- 

rhizal, but fell into the mycorrhizal side of the range dividing 

line, had been accidentally infected. 

intended to be mycorrhizal, but ranked non-mycorrhizal, actually 

failed to establish an association. 

that most of the plants that were incorrectly classified were 

clustered around the center line. , 

Those plants that were 

It is interesting to note 

There was a gradation of infection approaching the center 

Those closest to the center line had only small amounts of line. 

stained mycelium visible, 
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An evaluation was conducted to determine the extent to 

which mycorrhiza increased the amount of dry weight produced by 

the plant parts. An F.test was used to determine the significance 

of the differences between the means. 

TOP GROWTH 

Innoculations 

The innoculations played a large part in the increase in 

plant growth. The differences that occurred between the mycor- 

rhizal and non-mycorrhizal means were highly significant. 

sence of Endonone fasciculata caused a greater increase in the 

growth than all other-,factors. 

The pre- 

Taxa 

The differences between the means for the top growth of 

the lily taxa were highly significant although it seems that these 

results are not consistent with the other data collected. It is 

possible that there was a difference where one taxon produced more 

top growth than the other. 

ferent means. 

were removed from their flats. 

gun to grow out of the pots. 

in the leaf area. 

rapidly than the other member of the taxa was not measured but could 

have caused the observed differences. 

This would result in significantly dif- 

When the visual observation was made, all the plants 

Many plants lost roots that had be- 

This caused a corresponding reduction 

The ability of Lilium repale to recover more 
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S o i l s  

I n  comparing t h e  means f o r  t h e  s o i l s  e f f e c t  on the  top growth, 

t h e  r e s u l t  was found t o  be h ighly  s i g n i f i c a n t .  The topso i l ,  because . 

of i t s  h i g h e r  percentage of organic matter, probably had more r e a d i l y  

a v a i l a b l e  n u t r i e n t s .  The p l a n t s  a b i l i t y  t o  respond t o  increased 

f e r t i l i t y  was t h e  reason a d i f f e rence  of t h i s  magnitude occurred. 

BULBS 

Innocu la t  i ons  

Resu l t s  s imilar  t o  those from t h e  tops were obtained when 

t h e  means o f  t h e  bulbs from test  p l a n t s  were compared. The highly 

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  means f o r  innocula t ions  bears out 

t h e  suppos i t i on  t h a t  mycorrhiza have a b e n e f i c i a l  e f f e c t  on bulb 

growth. 

Taxa 

The e f f e c t  of taxa bulb s i z e  was found not t o  be s i g n i f i -  

c a n t .  The bulb  weights of t he  taxa  had c l o s e l y  similar means. 

S o i l s  

The s o i l s  had no de tec t ab le  e f f e c t  on the  bulb s i z e .  The 

d i f f e r e n c e  between bulb means were no g r e a t e r  than would be expected 

i f  on ly  chance were opera t ing .  The b e n e f i t s  t h a t  tops and roots  re- 

ce ived  from t h e  s o i l  w a s  not found i n  t h e  bulb. However, t he  bulbs '  

s t a g e  of growth could have a f f ec t ed  the  r e s u l t s  obtained.  

because of t h e  l o s s  of tops,  as noted above, could have been i n  a 

The bulbs, 
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depleted condition. 

ROOTS 

Innoculations 

Innocu,ation causeG a 2rence between t..e means o the 

roots that was highly significant. This result was expected because 

the innoculation, if an association was established, provided the 

roots with additional phosphorus, which tends to promote root growth. 

Taxa 

I 
:I 

The root growth differences between taxa again were not sig- 
I 

nificant. The root growth of the taxa were similar. 

Soil //I , 1 .  - 
The s o i l ,  with its difference in total and available nutrients, 

caused a difference in the means that was highly significant. 

ferences in soil nutrient levels are found in Table 4 .  The root 

Dif- 
~ 

~ 

growth could have been promoted by the nutrients made available in 

the soil. 

The interactions were not evaluated because of the dominating 

I 

effect of a large F value. 

to carry over into the interactions, mking them less valid. 

There is a tendency for a large F value 

I 
1 The figures 1 through 8 show some of the differences that 

i occurred among the treatments. 
I 
i 
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COMPARISONS OF TREATMENTS 
- - - - _-l__l- I--- 

FIGURE 1 Lilium regale tops mycorrhizal and non-mycorrhizal 
topsoil. 

---FIGURE 2. Lilium regale roots mycorrhizal and non-mycorrhizal '3 
topsoil 



-____ 
FIGURE 3.  Lilium regale tops, mycorrhizal and non-mycorrhizal, 

subsoil. 

i 

, 

FIGURE 4 .  Lilium regale roots, mycorrhizal and non-mycorrhizal, 
subsoil. 
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' COMPARISONS OF TREATMENTS (CONTINUED) 
- - - - _ _ _ I _ _  _- - -I 

FIGURE 5. Lilium 'Burgundy' tops,  mycorrhizal and non-mycorrhizal, 
topsoil. 

~ - _ _ _ .  - - _ -  

I 

I 

= . . 

I 
. i 

I 
- -  

FIGURE 6. Lilium 'Burgundy' roots, mycorrhizal and non-mycorrhizal, 
t o p s o i l .  
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COMPmSONS OF TREATMENTS (CONTINUED) 
- - __ - - _ _  
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FIGURE 7. Lilium 'Burgundy' tops,  mycorrhizal and non-mycorrhizal, 
subsoil. 
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TISSUE ANATIYSIS 

The plant tops were dried and analyzed for magnesium, 

phosphorus, potassium, and calcium (Table 5 ) .  There is an ob- 

vious difference between the nutrient content of the mycorrhizal 

and non-mycorrhizal groups.. The mycorrhizal plants accumulated 

nutrients to an extent far greater than the non-mycorrhizal plants. 

The infection played a major role in the nutrition of these test 

plants. The mycorrhizal plants' ability to extract less available 

forms of nutrients from the soil seems to parallel the results 

obtained from the fresh weights. 

The tissue analysis indicates that the taxon of lily does 

not influence the nutrient uptake and accumulation. 

The effect that soil has on the nutrients accuqulated was 

significant. Comparing the results of the different soils shows 

that in every case, except potassium, there is a significantly 

higher amount of nutrients made available and subsequently picked 

up by the plant when grown in topsoil. This is true of the mycor- 

rhizal plants only. When the values of non-mycorrhizal plants are 

compared, the soil fails to make any difference. If a fungal in- 

noculum were added to the uninnoculated plants, they would proba- 

bly divide into distinct groups as a result of the mycorrhiza- 

soils interaction just as the original innoculations did. 

The infection in lily roots and its effects was the pri- 

mary concern of this experiment. The three types of roots in 
I _  

_ _  

- 
-- _?I 
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lilies were investigated. 

the basal, contractile, and adventitious stem roots might be 

differentially susceptible to mycorrhizal association. 

presence of a infection in the basal roots was established and 

There seems to be a possibility that 

The 

all the previous work reported in this paper was primarily on 

the basal roots. The structurally and functionally different 

adventitious stem roots and contractile roots could possibly 

effect the mycorrhizal association. Observation showed that an 

association occurred in the stem roots and contractile roots 

although these seemed to have a reduced intensity of infection. 
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CONCLUSIONS 

The effect of a mycorrhizal association on the growth of 

selected taxa in the genus Lilium is very pronounced. The effect 

of various taxa and soils contributes only slightly when compared 

to the effect of the mycorrhizal association. Significant differ- 

ences in the means of the fresh weights of the plant parts and the 

results of the nutrients accumulated all indicate the beneficial 

effects of the association. 

plants growing in a nutrient stress situation. 

Mycorrhiza seem advantageous to 

30 
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APPENDIX I 

Procedure for Staining Endonone 

Use fresh rootlets. 
Autoclave for 10 minutes at 12#/in.2 in 1 N. potassiw 
or boil in two changes of KOH. 
Rinse twice in distilled water. 
Transfer to 3% sodium hypo-chlorite (Clorox). 
Accidify with a few drops of 5 N hydrochloric acid. 
Soak 3-10 minutes to a pale straw color. DO NOT BLEAC 
The roots are then washed in distilled water and stain 
alcoholic lacto-phenol cotton blue. 
Transfer this to the autoclave for 10 mi.nutes at 12#/i 

32 

hydroxide 

COLORLESS. 
1 with 

?. 
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