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ABSTRACT 

 

The beneficial effect of mycorrhiza on plant growth has often been related to nutrient 

uptake; yet little published information is available about mycorrhiza associations in 

horticulture in South Africa. This study investigated how much nutrients is needed in the 

growth and yield of Pelargonium cucullatum aided by mycorrhiza application in a 

hydroponic system. Fifty plants were grown in a deep-water hydroponic culture for 8 

weeks. Plants were inoculated with BIOCULT™ Mycorrhizae at two weeks into the 

experiment with a repeat inoculation after one month. NUTRIFEED® was added at 

concentrations of 25g, 50g, 100g and 200g, while the control received only mycorrhiza 

treatment. The same treatments were replaced after hydroponic systems were flushed. 

Parameters assessed were fresh and dry shoots weights, fresh and dry roots weights, 

total fresh and dry weights, shoot height, root length and number of leaves. The results 

of the indicated that a concentration of 50 g of NUTRIFEED® can produce significant 

growth in P. cucullatum for most parameters measured. The implication of mycorrhiza in 

association with NUTRIFEED® in the amelioration of yield and growth parameters of P. 

cucullatum is discussed.  

 

Keywords: BIOCULT™, deep water culture system, Geraniaceae, horticulture, 
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INTRODUCTION 
Plants depend on food produced through photosynthesis and through balanced fertilizer 

nutrition. Plant growth can be achieved when roots are supplied with a balanced nutrient 

solution. However, the idea of balanced plant nutrition is not as easy to achieve as easily 

explained (Follett et al., 1981). There are many factors that influence nutrient uptake in 

plants (Venter, 2010). Among such factors is the addition of fertilizer to the soil to improve 

plant performance (Jones 2011). Mineral fertilizers are made of salts and contain 

numerous amounts of plant macro and micronutrients which are made available at 

various concentrations for ideal plant growth. Fertilizers can damage plant roots if applied 

at high to toxic levels and deficiencies can occur when plants are under nourished due to 

limitation in fertilizer application or rates (Venter, 2010).  

 

Mycorrhiza forms symbiotic relationship with numerous plant roots with proven evidence 

of benefit to plants species which is of immense importance to man (Stamen, 2005; 

Jackson & Mason 1984). Traditionally, mycorrhiza has been categorised into two main 

types, namely endomycorrhiza and ectomycorrhiza (Jackson & Mason 1984). This 

experiment deals with endomycorrhiza which forms a symbiotic relationship with the 

interior root cells of plants, whereby providing benefit for both plant and fungi. Mycorrhiza 

supplies required nutrients and moisture in return for plant secreted sugars, mainly 

hexoses that is later converted to mannitols, erythritols and arabitols (Stamen 2005). The 

hosts not only benefit from the hyphae transporting nutrients to the plant (Wright, et al., 

1996) but according to Stamen (2005) it aids the plant in resisting disease and eventually 

improves plant’s strength. Jackson and Mason (1984) also state that mycorrhiza has been 

noticed to positively affect crop nutrition and other aspects of growth.  According to 

Laughton (1964) little published information is available about mycorrhizal associations 

in South African indigenous plants. 

 

It is commonly believed that South African plants are slow growing, lacking colour and 

problematic to propagate. Pelargonium species are one of the popular indigenous South 

African medicinal and ornamental plants which are also cultivated within the country and 
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around the world (van Jaarsveld, 2010). In Europe it can be categorised as a common 

indoor plant with new cultivars and hybrids being released regularly onto the market. 

Pelargoniums have huge potential within the horticultural industry as it has a drought 

hardy nature making it adaptable to many climates (van Jaarsveld, 2010). P. cucullatum 

is an attractive large shrub, known for being one of the first plants cultivated in the Cape 

and for being one of the parents to imperial pelargonium hybrids (Roberts, 1990). The 

species belongs to the Geraniaceae family and is commonly known as the hooded-leaf 

pelargonium or veldmalva. It can be found growing in sandstone and granite soil types or 

along mountainsides and roads in the Southern part of Western Cape (Roberts, 1990: 

170). P. cucullatum can reach up to 2 m high and it is a fast-growing shrub with velvety 

leaves and light purple flowers. It bears clusters of up to 13 flowers: blooming from 

September till February. P. cucullatum has been known for having medicinal properties, 

and several reports (van Wyk and Gericke, 2007, Roberts, 1990 and May 2000) concur 

that it has been used to cure chest ailments and coughs. Roberts (1990) goes on to further 

state that by making a tea with the leaves, it can be used to cure colic, diarrhoea, kidney 

aliments and suppression of urine. Leaves can be added to a bath to sooth aches and 

pains of the legs and back. P. cucullatum grows well in containers or on patios (May 

2000).  

Growing plants in any hydroponic unit delivers nutrients in accurate concentrations to 

plants. Supplying nutrients directly to soil in the form of compost or fertiliser can fluctuate 

extensively and provide inaccurate results (Nicholls, 1990). The practise of hydroponics 

merely involves growing plants in water and mineral salts (Philips, 1941). In order for 

plants to thrive in hydroponic culture system, nutrients and oxygen must be provided to 

the plant (de Villiers, 2005). Venter (2010) states two important facts about hydroponics; 

firstly, there is control over nutrient toxicity, deficiencies, pH, EC, water holding capacity 

and other aspects which make growing plants easier to manage and secondly, from an 

educational perspective, hydroponics is valued as a learning method for horticultural 

students as it is straightforward and established by scientist over many years to study 

plant behaviour especially to nutrient application. This study investigates the suitable 

NUTRIFEED® concentrations in the cultivation of P. cucullatum aided with mycorrhiza 

application under hydroponic system. 
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MATERIALS AND METHODS 

 
Greenhouse experiment 
The experiment was located in a climate-controlled greenhouse of Cape Peninsula 

University of Technology (CPUT) Bellville, South Africa. The greenhouse was maintained 

at between 16–26°C with a relative humidity of between 39–84% for the duration of the 

experiment. 

 
Plant selection 

Cuttings used for this study originated from the same mother plant and were obtained 

from New Horizen Farm Nursery, a reputable indigenous plant grower. The cuttings were 

propagated on the 25th of June 2015 at the CPUT Glasshouse Nursery maintained under 

a cloudy weather of about 24°C. The cuttings were dipped in rooting hormone and placed 

in a mixture of sand and polystyrene balls. Five propagation trays with a total of 80 

cuttings were placed in a climate-controlled propagation unit, constantly moist and 

irrigated every second week with CAPTAB WP (2 g/ L). On the 31st of July 2015 rooted 

cuttings were selected and washed with water removing all soil particles. Plants were 

weighed, with a digital scale (RADWAG Wagi Elektoniczne, 0.01 g) [Lasec/SA, Cape 

Town 7405, South Africa], shoot length were measured (cm), number of leaves per plant 

were counted, and roots were cut back to approximately 5 cm each. All data captured 

were recorded and each plant was accessioned from 1 to 50 before placing in net pots of 

hydroponic treatment. The plants were acclimatized in the hydroponic system for 1 week 

before nutrient and mycorrhiza treatments commenced. Plants were grown in the 

hydroponic system for 8 weeks and were harvested on the 30 September 2015. 

 
Hydroponic experiment 
A deep-water culture system was set up using ten 60 L containers as reservoirs and 

placed on a cement surface. Five net pots were placed in each lid of a reservoir. Two 

Reservoirs were joined using 20 mm irrigation pipes and connectors. This experiment 

was replicated 5 times. Each treatment had 10 net pots, containing one plant. Light 
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Expanded Clay Aggregates (LECA) was placed in the net pots to provide stability for 

plants. Five LifeTech AP 1350 aquarium liquid filter pumps were used and placed inside 

every treatment reservoir. This procedure ensures that the same nutrient flow was 

available to a specific treatment. Each reservoir received 50 L of water and an air stone 

to provide the plants with water and oxygen. LECA was soaked in Sporekill® [Efekto Ltd, 

Cape Town 7570, South Africa] for 24 hours and rinsed several times with water. The 

entire system was sterilised with Sporekill® (100ml/100L) and switched on for 24 hours. It 

was rinsed thrice before planting began. 

 
Treatments 

The treatments of the deep-water culture system were completely randomised and 

arranged in a U shape design. Each treatment received 25 g, 50 g, 100 g or 200 g of 

NUTRIFEED® [Starke Ayres, Bredell, 1619, South Africa]. Nutrient contents of 

macronutrients were: (nitrogen (N)–6.5%, phosphorus (P)–2.7%, potassium (K)–13.0%, 

calcium (Ca)–7.0%, magnesium (Mg)–2.2%, sulphur (S)–7.5%) and micronutrients 

included: zinc, iron, manganese, copper , boron  and molybdenum . Recommended 

dosage of Nutrifeed is 10g/5L of water (Anonymous, 2013). No dosage was given to the 

control. Treatments were reapplied after the hydroponic system was flushed. Mycorrhiza 

was obtained from BIOCULT™ mycorrhizae for sustainable agriculture [(Biocult (Pty) Ltd 

registration number 1997/005333/07 Somerset West, 7129, South Africa]. Active 

ingredients include Mycorrhiza ssp.—Glomus mosseae, Glomus intraradices, Glomus 

etunicatum, Scutellospora dipurpurescens and Trichoderma spp.—Harzianum. The 

mycorrhiza was applied twice on the 7th of August 2015 and on the 3rd of September 2015. 

The BIOCULT™ mycorrhizae product had never been tested in a hydroponic system 

before; therefore, two applications were applied a month apart. A mixture of 5g/1L 

BIOCULT™ mycorrhizae was mixed thoroughly and 10 ml of the mixture was applied 

using syringe in the LECA aimed at the roots (Anonymous, 2012).  

 
Collection of data 

Data collected on 31st July 2015 were fresh weight, shoot height, root length and number 

of leaves. At the end of the experiment, shoots were separated from the roots. Fresh 
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shoots and roots weights were recorded. Shoots and roots were placed in separate brown 

paper bags and placed in an oven (EcoTherm- LABOTEC) [Pinelands, 7405, South 

Africa] where they were dried at 50°C for 2 days. Thereafter dry weights were recorded 

of shoots and roots. Number of leaves and shoot height were recorded twice on the 4th 

and 8th weeks after which the experiment was terminated. These parameters where 

chosen as BIOCULT™ Mycorrhizae help in creating longer roots, robustness and overall 

quality plants (Anonymous, 2012). 

 
Statistical analysis  

Mean values of data collected were analyzed statistically using 1-way analysis of variance 

(ANOVA) using STATISTICA software program. Treatment means were separated using 

the Fisher least significance difference (L.S.D.) at P≤ 0.05, P≤0.01 and P≤0.001 levels of 

significance (Milandri et al., 2008). 

 

RESULTS 
 

The fresh and dry yield weights of P. cucullatum as affected by different concentrations 

of NUTRIFEED® raised in hydroponic media is presented in Table 1. Generally, there was 

a progressive yield increase of both the root and shoot of the species as concentration of 

NUTRIFEED® increased. Being a medicinal species, dry weight is an important yield 

component than the fresh weight; hence the study focusses on the dry yield weight of the 

species.  Dry root weight at 200 g recorded a highly significant (p<0.01) yield improvement 

representing more than double the yield obtained in the control. Similarly, application of 

NUTRIFEED® at 100 g concentration recorded a highly significant (p<0.01) increase in 

dry root weight compared with the control. Although there was a 33.7% increase in dry 

root yield between the 50 g NUTRIFEED® application and the control, this was not 

statistically significant. Shoot dry weight showed a similar trend in the dry root with 200 g 

application of NUTRIFEED® recording more than twice the dry shoot weight compared 

with the control. However, unlike the root weight, the application of NUTRIFEED® at 25 g 

and above produced a progressive highly significant (p<0.01) yield increase than the 

control. The shoot appears to respond better to application of NUTRIFEED® compared to 
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the root. For instance, 25 g application of NUTRIFEED® significantly improved dry shoot 

yield by 47% compared with a slight leap of 12% for dry root weight at the same 

concentration. Similarly, 200 g NUTRIFEED® application yielded a highly significant 

(p<0.01) two-and-half times dry shoot weight compared with the control treatment.  

The influence of NUTRIFEED® on three morphological characters (number of leaves, 

shoot length and width) of the species are presented in table 2. Generally, the result 

indicated that application of NUTRIFEED® at 25 g showed a highly significant (p<0.01) 

increase in shoot width compared with the control. However, for the shoot length, there 

was a progressive significant (p<0.01) increase in shoot length from 25 g to 50 g 

concentration. The application of NUTRIFEED® was more pronounced in the number 

leaves with a progressive significant (p<0.01) yield increase in the number of leaves up 

to 50 g concentration. The result showed a progressive 35% (25 g) and 46% (50 g) yield 

increase respectively compared with the control.   

An assessment of the interaction of harvest times with some morphological characters is 

presented in table 3. As observed in the early results presented in this study, the 

interaction analysis recorded a pronounced significant (p<0.01) yield increase for number 

of leaves and shoot length between week four and week eight in hydroponic systems due 

to NUTRIFEED® application.  This is indicative of a significant progressive yield increase 

with time for all parameters measured.  
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Table1: Effects of different concentrations of NUTRIFEED® on the fresh and dry weights 

of shoots and roots of P. cucullatum (Mean: n=10) 

NUTRIFEED® 

concentrations 
(g/60L, water)  

Root fresh* weight 
(g) 

Root dry weight 
(g) 

Shoot fresh weight 
(g) 

Shoot dry weight 
(g) 

0  10.77c 1.02c 20.83c 3.90c 
25 15.03bc 1.16bc 51.76b 7.38b 
50 17.08bc 1.54abc 67.08ab 8.66ab 
100 22.71ab 1.69ab 67.75ab 10.15ab 
200 29.41a 2.08a 76.90a 10.51a 
LSD 9.38 0.58 19.05 3.01 

*All parameters are measured in grams; LSD: List Significant Difference at p<0.01; 

values sharing the same letter along the same column are not statistically different 

(p<0.05). 

 

 

Table 2: Effect of different concentrations of NUTRIFEED® on some growth parameters 

of P. cucullatum at eight weeks (Mean: n=20). 

NUTRIFEED® 

concentrations 
(g/60L, water)  

Shoot width 
(cm) 

Shoot length 
(cm) 

Root length 
(cm) 

Number of leaves 
(per plant) 

0  0.95b 13.97c 69.80 a 9.40c 
25 1.06a 16.60b 55.50 b 14.50b 
50 0.97b 18.40a 56.10 b 17.35ab 
100 1.09a 18.02a 60.80 ab 19.70a 
200 1.06a 19.05a 62.10 ab 19.80a 
LSD 0.08 1.34 9.25 3.04 

LSD: List Significant Difference at p<0.01; values sharing the same letter along the 

same column are not statistically different (p<0.01). 
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Table 3: Interaction of harvest time and NUTRIFEED® concentrations on growth 

parameters of P. cucullatum (mean: n=10) 

Harvest 

(Weeks) 

NUTRIFEED® 

concentrations 

(g/60 L Water)  

Number of leaves Shoot length (cm) Shoot width (cm) 

Four   0  8.00±1.63 12.59±0.65 095±0.14 

Four  25 8.70±1.63 13.10±1.54 1.04±0.11 

Four 50  9.50±2.27 14.50±1.77 0.92±0.09 

Four 100  2.54±1.04 13.95±1.81 1.04±0.09 

Four  200  9.10±1.28 14.50±2.01 1.02±0.15 

Eight  0  10.80±1.54 15.35±0.91 0.96±0.12 

Eight 25  20.30±4.37 20.10±1.39 1.08±0.14 

Eight 50  25.20±7.48 22.30±3.59 1.02±0.15 

Eight 100  30.00±10.02 22.10±3.00 1.15±0.15 

Eight 200 30.50±6.24 23.60±2.83 1.10±0.14 

SED  17.06 18.43 1.00 

SED: Standard Error of Difference 

 

 

DISCUSSION 
 

All P. cucullatum plants used in this study were inoculated with mycorrhiza one week into 

the experiment and later inoculated a second time one month later. Plant root had grown 

one week after inoculation. Marschner and Dell (1994) suggested that mycorrhiza may 

affect nutrition of the host plant either directly or indirectly. According to Perrin (1990), 

once mycorrhiza is inoculated, it may protect roots from pathogens thus increase root 

growth, though uptake by mycorrhiza also depends on nutrient availability. 

The increase in concentration of NUTRIFEED® resulted in an increase in the total root 

fresh and dry weights. Similar results were obtained from the study of Kuwada et al. 
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(2006) where the combination of seaweed extract in the form of nutrient with mycorrhiza 

led to significant increase in total fresh and dry weight of Papaya and passion fruit 

compared with the control treatment. 

 

The addition of NUTRIFEED® at 200 g concentration improved shoot length by 26.6% 

compared with the control.  However, the result indicated that the optimum NUTRIFEED® 

concentration for significant shoot length growth of the herb is 50 g; representing 24% 

increase in shoot length compared with the control. In a study on Pelargonium 

graveolens, Pandey and Patra (2015) suggested that higher supplies of macro and 

micronutrients (namely N, P, K, Mg and Zn, Mn, Cu) increased the rate of photosynthesis 

and thus resulting in enhanced shoot height. High supply of P leads to higher P uptake 

and growth. Yet, a few studies have also shown increased growth response under limited 

P supply (Hetrick et al., 1993; Tawaraya, 2003, & Wilson & Hartnett, 1998). The current 

study indicated that the application of NUTRIFEED® above 50 g will not produce further 

significant growth; thus, validating early studies (Hetrick et al., 1993; Tawaraya, 2003, & 

Wilson & Hartnett, 1998).  

 

Hydroponic culture is an ideal method to improve root growth and nutrient uptake for 

efficient absorption of water and nutrients (Adams, 1993). Harley and Smith (1983) state 

that mycorrhiza absorbs nutrients at a distance from the roots due to the increase surface 

area of the hyphae. The nutrients most associated with mycorrhiza uptake in the roots 

are P, Zn and Cu. The significantly longer root length of the control treatment is indicative 

the presence of mycorrhiza searching for more nutrients compared with the NUTRIFEED® 

treatments. According to Harley and Smith (1983) plants growing in a P deficient 

environment will have a longer root length but less dry weight. In this study the fresh and 

dry weights of the control plant roots was significantly lower although the roots were 

longer. According to Marscher and Dell (1994), elongation of plant roots is a typical 

response P deficiency. Accordingly, the significant increase in the dry root weight of 

NUTRIFEED® treated samples is indicative of high deposition of photosynthates due to 

improved plant nutrition provided by NUTRIFEED® application.    



11 
 

It can be assumed that though P. cucullatum was under different treatments, it still 

produced a positive number of leaves. The 50 g NUTRIFEED® treatment had no 

significant difference in the number of leaves compared with higher concentrations. 

According to Pandey and Patra (2015) an increased number of leaves are not necessarily 

positive if shoot biomass or length does not increase concurrently. In the current study, 

significant increase in the number of leaves had positive correlation with increase in shoot 

length at the same concentration (50 g), thus confirming earlier study (Pandey and Patra 

(2015).  Higher number of leaves with plants inoculated with mycorrhiza may be because 

of enhanced nitrogen uptake (Tobar, et al., 1994).  

It is possible to reduce fertilizer dosages for efficient plant growth in a hydroponic system 

(Ho & Adams, 1995). Interest in the application of mycorrhiza has increased in horticulture 

due to the ability of the uptake of P and other nutrients (Azcόn-Aguilar, et al., 1997). From 

the results obtained using 200 g of nutrients in most cases had significantly similar results 

to treatments with lower concentrations of nutrients.  Majority of the results obtained 

showed that treatments of 50 g, less than half the dosage required in a hydroponic system 

as per NUTRIFEED® manufacturer recommendation were able to produce significant 

yield in all parameters measured. Thus, from this study it is recommended from a cost 

efficient perspective that the least amount of nutrients needed for optimal growth of P. 

cucullatum is 25 g although, significantly higher yield is possible at 50 g application 

especially in the above ground component of yield. The efficacy of NUTRIFEED® at lower 

concentration may be attributed to the application of mycorrhiza to the hydroponic system. 

 

CONCLUSION 
 

The result indicated that the application of NUTRIFEED® aided with mycorrhiza 

application could reduce the amount of nutrient use in hydroponic systems. This study 

has proven that higher concentrations or manufacturer recommended dosages do not 

necessarily produce significant optimal growth and that lower concentrations can be used 

to achieve efficient and potential economically production of the herb under hydroponic 

media. Agricultural crops with mycorrhizal associations have received more attention than 

ornamental species. This study indicated that ornamental species could be raised under 
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reduced nutrients requirement if aided with mycorrhiza application. Based on the findings 

of this study, a concentration of 50 g of NUTRIFEED® can produce significant growth in 

P. cucullatum in association with mycorrhiza in a hydroponic system. 
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