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Abstract       Mycorrhizal interactions are some of the most wide-spread 
symbiotic relationships on Earth, being formed by the roots of terrestrial plants 
and some specific edaphic fungi. It contributes to phosphorous acquisition, 
water absorption and resistance to diseases. The aim of the study was to 
determine the effects of arbuscular mycorrhizal (AM) fungi on growth and 
phosphorous nutrition of marigold (Tagetes sp.), frequently used in urban 
gardens as decorative plant. As AM contributes to a better phosphorous 
absorption of the host plant, we determined the effects of this symbiotic 
association by measuring the growing rate, development, plants’ height and 
weight (biomass), also determining some physiological indexes, as 
transpiration, leaf area, chlorophyll content and dry matter. The results 
indicate that the greatest differences between mycorrhizal and non-
mycorrhizal plants appear when the substrate is poor in phosphates. Also, 
mycorrhizal plants had a higher leaf area, biomass and a lower rate of 
transpiration per unit of leaf area.   
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Glomalean fungi form with around 80% of terrestrial 

plants the specific type of symbiosis called arbuscular 

mycorrhiza (AM) (Smith and Read, 2008). AM fungi 

positively influence the nutrition of host plants, 

contributing to the absorption of minerals (P, N, K, Cu, 

Zn) (Schmidt and Şumălan, 2009) and water (Takács 

and Vörös, 2003). This is assured by the smaller 

diameter of hyphae than that of roots, which can enter 

the small pores of soil particules and absorb the 

nutrients. Even more, the hyphae grows faster and 

surpasses the depletion zone formed around the 

rhizosphere (Smith and Read, 2008). As a 

physiological effect of mycorrhization, it was observed 

that the phosphorous content of plant tissues, the 

biomass, chlorophyll content and photosynthetic rate 

were higher at inoculated plants (Khade and Rodrigues, 

2009, Subramanian et al., 1997, Sheng et al., 2008). 

Besides, mycorrhiza helps in protection against soil-

borne pathogens by surrounding the roots and 

unableing the access of other microorganisms to the 

plant’s radicular system (Azcon-Aguilar and Barea, 

1996).  

Of the total soil P, less than 1% is found in available 

forms (Bolan, 1991). Also, P is an important 

macronutrient, representing about 0.2% of plant dry 

weight (Schachtman et al., 1998).  

Also, in urban landscapes, there are low quality soils, 

poor in nutrients. The use of mycorrhizal associations 

can be beneficial in landscape architecture, helping the 

ornamental plants and the lawn in harsh conditions and 

to protect the biodiversity of soil fungal communities. 

Also, in horticultural practices, soil is mostly sterilized 

with fungicides in order to destroy the soil-borne 

pathogens, but as a side effect, the mycorrhizal fungi 

too, that is why additional inoculation with AM fungi 

is recommended. Different scientists developed the 

systems of inoculum production (Dasgan et al., 2008; 

Hawkins and George, 1997) for horticultural purposes, 

in the present being accessible a series of products for 

different plant species. 

Marigold (Tagetes patula “Palla D’oro”) is an annual 

ornamental plant, cultivated for the yellow composite 

flowers, small habitus and high stress tolerance. At 

marigold, variable responses were observed when 

inoculated with different species of AM fungi 

(Linderman and Davis, 2004). The purpose of this 

study was to examine the physiological changes 

induced by the colonization and to determine the 

beneficial effect of this symbiotic association. 

 
Material and Methods 

 
As mycorrhizal inoculum, we used the “MYCO 

GROW” commercial product distributed by Fungi 

Perfecti® LLC, USA, containing the species Glomus 

aggregatum, Glomus intraradices and Glomus 

mosseae. The plantlets were inoculated with the fungi 

by covering their roots with spores by immersing them 

in the powdery product. 
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Plantlets were obtained by germinating surface 

sterilized (with HgCl2 0,2 %, for 3 minutes, followed 

by 5 rinses with sterile distillated water) seeds of 

marigold (Tagetes patula “Palla D’oro”). 

As a substrate we used in the experiment steam 

sterilized perlite. The following treatments were 

applied: normal phosphorous concentration (P+), no 

phosphorous addition for the first 40 days of growing 

period, and after that with the addition of Ca(H2PO4)2 

(P-), both variants in mycorrhized (Myc+) and non-

mycorrhized (Myc-) forms. Every variant was set in 

three pots, every pot containing three plants, resulting 

nine repetitions for each treatment. 

Complete Hoagland’s solution was used for P+ 

variants, the same solution was prepared, but without 

phosphorous for P- in the first period of experiment, 

and after that with Ca(H2PO4)2 as the phosphorous 

source, calculating the quantity of reagent to introduce 

the same amount of P into the medium, as the normal 

Hoagland’s nutrient solution would contain. 

The 0.5 liters pots, filled with growing medium, were 

placed in green-house, where temperatures were 

maintained at 27/18oC day/night, with a photoperiod of 

12h daylengths for the study period. Plants were 

watered with the adequate solution, using a quantity 

required by the relative size of the plant, and until the 

growing medium was saturated. Additional inoculation 

was realized for the Myc+ variants to make sure the 

colonization. 

Plants were assessed for mycorrhization using the ink-

vinegar staining method of Vierheilig et al. (1998). The 

tests were realized 10 weeks after planting. Data were 

analyzed, calculating the mean and the standard 

deviation. 

Growing and development: during the growing and 

developing period, plants’ height (stem lenght) was 

measured, and also the number of leaves, side shoots 

and buds were followed. As during the experiment not 

all the buds could develop into flowers, we couldn’t 

evaluate the flowering potential of all the plants. 

Biomass production (fresh shoot weight) was 

measured. 

Total transpiration and transpiration rate: plants were 

watered until saturation of the substrate, then the pots 

were sealed around the plant stems with plastic bags to 

stop the loss of water through evaporation. The pots 

were weighted at the beginning of the experiment and 

after 24 hours, the difference being the quantity of 

water lost through transpiration (total transpiration in 

cm3/day). Transpiration rate was reported to leaf area, 

being expressed in cm3/cm2/day. 

Chlorophyll content was determined using a portable, 

SPAD-502 chlorophyll meter (KONICA MINOLTA) 

and the values are expressed in SPAD units. 

Dry matter was determined using a KERN electronic 

moisture analyzer. 

Leaf area was determined using a portable area meter 

(ADC AM300, BioScientific Ltd.). 

 

Results and Discussions 

 
Growing rate: regarding the growing rate of marigold 

plants, there are differences between the mycorrhized 

and non-mycorrhized plants of P+ variants. This 

observation reflects the fact that plants supress the 

development of arbuscular mycorrhizal fungi in the 

cortex when the medium is saturated with nutrients, 

also stopping the sugar transport from plant cells to 

fungi, making an energetic economy.  

 

a.)  b.) 

Fig. 1. Growing rate of plants from different variants: a.) comparison between Myc+ and Myc- variants using complete 

Hoagland nutrient solution; b.) comparison between Myc+ and Myc- variants using incomplete Hoagland nutrient 

solution. Gray thick line = Myc+, black narrow line = Myc-. 

 

When the phosphorous is in low concentrations in 

nutrient solution, plants benefit from the fungus’ 

capacity to absorb nutrients, which aren’t available for 

root system, and in exchange, offers carbohydrates to 

fungus. In our experiment, the Myc+ and Myc- plants 

from the P+ had the similar rate of growth, because the 

high phosphorous concentration supresses the 

beneficial effects of mycorrhiza. When in the medium 

was no phosphorous (P- variants), the plants managed 

to grow only a few days because of their internal 

nutrient deposits. 
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Fig. 2: Height of plants from the experimental variants (mean and standard deviation). 

 

After a week, the growth stopped untill Ca(H2PO4)2 

was added into the nutrient solution. This kind of 

calcium phosphate is harder to be absorbed by the root 

system than KH2PO4, but the mycorrhized plants 

could use it much more quickly than plants missing 

mycorrhizal fungi (Fig. 1). The hifae can absorb 

substances more rapidly than roots can do it, or to 

realize the excretion of enzymes, which can ease the 

process.

 

 
a.) 

 
b.) 
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c.) 

Fig. 3. Comparison between experimental variants: a.) P- Myc- (left) and P- Myc+ (right) two weeks after germination; 

b.) P+ Myc- (left) and P+ Myc+ (right) two weeks after germination; c.) P- Myc-  (left) and P- Myc+ (right) 75 days 

after germination. 

 

Plant development: the number of leaves varies 

between 11 and 16, the most of them being present at 

variants watered with complete nutrient solution (Fig. 

4.).
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Fig. 4. The number of leaves from different variants and the apparition of different development stages (leaves) in days. 

 

The plants watered with incomplete nutrient solution 

had the smallest number of leaves. In low phosphorous 

conditions, mycorrhiza determines the apparition of 

leaves in a shorter period of time, meanwhile at the 

variants watered with complete nutrient solution, there 

are no differences between inoculated and non-

inoculated plants.  

Also, in low phosphorous conditions, the mycorrhiza 

determined the increase of number and faster formation 

of side shoots and flower buds (Fig. 5). The importance 

of phosphorous in development of generative organs is 

reflected also in the differences between the number of 

buds of P+ and P- variants. Even after the 

administration of Ca(H2PO4)2 to the P- plants, only a 

few numbers of buds could be formed, which is also 

double at mycorrhized plants. 
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Fig. 5. Number of leaves, side shoots and buds per plants (mean and standard deviation). 

 

Physiological features: the length and weight of stems 

differs between variants, in all cases the values being 

higher at mycorrized plants. Dry matter content was 

lower at P-Myc- and P+Myc+ vatiants, and a slightly 

higher at P-Myc+ and P+Myc- variants, but the 

differences are low and the mycorrhizal fungi is not 

influencing signifficantly the values. The same is the 

situation with chlorophyll content of leaves. But if we 

look at the other physiological parameters, we can 

discover that both the mycorrhiza and the phosphorous 

content determines varied differences. The biomass 

production of plants, which means the fresh weight of 

the plants, presented high differences between P+ and 

P- variants. 

Leaf area was higher at mycorrhized plants of all 

variants, and the transpiration – the reverse. According 

to the graph, the growth of leaf area determines the 

reduction of transpiration per units of leaf area (Fig. 6). 

Regarding the phosphorous content in the nutrient 

solution, the plants from P- variant, being smaller and 

less developed than P+ plants, also had a reduced leaf 

area and biomass. 
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Fig. 6. Dry matter and chlorophyll content of leaves, plants’ biomass, total leaf area / plant and rate of transpiration 

(mean and standard deviation). 

 

Conclusions 

 
Mycorrhiza has the greatest effects on plants’ growth 

and development in poor soils, contributing to an 

increased growing rate and development. Leaf area, 

stem weight and height are increased, but with the 

reduction of transpiration per units of leaf area 

meanwhile chlorophyll content and leaf dry matter are 

not inluenced by the mycorrhization nor the 

phosphorous content in the nutrient solution. 

The future concerns about phosphorous depletion, cost 

of fertilizers, environment protection and thus 

sustainable agricultural practices will assure the 

development of nature-frendly technologies, including 

biotechnologies, which use diverse living organisms in 

humans’ benefit. While the arbuscular mycorrhizal 

fungi have great potential to become one of the tools of 

organic agriculture, very little known in the present by 

horticulturists and agriculturists, it is important to 

demonstrate its potentials and look out for further 

applications, which could be used and accepted by the 

producers and consumers as well. 
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