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Abstract. Optimal plant growth is crucial in research experi 

ments as well as in nursery operations. Two major factors that 

influence plant growth are soil mix and fertilizer. Use of com 

mercial soil mixes would be desirable for smaller operations 

which often lack facilities for mixing and sterilization. Several 

commercial potting mixes were compared to the UC (Universi 

ty of California) mix for growing citrus plants in our green 

houses at the Citrus Research and Education Center in Lake 

Alfred, FL. The UC mix is part of the UC system that uses a peat 

moss based soil mix and fertigation for nutrient supply. Com 

mercial mixes were compared against the original UC mix us 

ing the UC system. A fertilizer formulation was used that was 

previously adjusted for Ca content in the irrigation water. Plant 
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growth and soil pH were measured, and plants were monitored 

for nutrient deficiencies. Two mixes were found to be compa 

rable to the UC mix in terms of plant growth and lack of micro-

nutrient deficiency. No commercial mixes were found to give 

better plant growth or fewer deficiency symptoms than the 

original UC mix. The choice of mix appeared to affect mostly 

the soil pH and development of deficiency symptoms. 

Good plant growth and freedom from micronutrient de 

ficiencies are crucial in greenhouse experiments in which dif 

ferences among treatments are shown in plant growth and 

disease symptoms many times show as patterns on the leaves 

(Nauer et al, 1967b). Micronutrient deficiencies can mask or 

otherwise interfere with the development and observation of 

these symptoms. It is therefore very important to develop a 

system for optimal plant growth free of micronutrient defi 

ciencies. 

Also, in nursery operations, optimal plant growth is essen 

tial for maximization of productivity. Healthy plants without 

deficiencies will ensure optimal graft take, will sell at better 

prices, and will grow into more healthy and vigorous trees 

once they are planted in the field. 

The University of California (UC) system for growing 

plants in containers was developed in the 1940s by the Univer 

sity of California to meet the need for more efficient produc 

tion of ornamental plants in nurseries (Baker, 1957). The 

resulting system addressed the major issues found to limit 

nursery production: diseases, salinity, and toxicity. Answers 

were found in a system using a peat moss-based soil mixture 

that was easily replicated, fertigation and sanitary measures. 
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Plants were trained to a single shoot. Plant height was 

measured five months after planting. The pH of the drainage 

water was measured as described by Roistacher (1991) to ob 

tain soil pH after five months. Initial soil pH was measured in 

the same fashion from one sample of each mix. Also, the pH 

of the irrigation water was measured. Micronutrient deficien 

cy symptoms were evaluated at five months after planting us 

ing the following rating system: 0 for dark green healthy 

leaves; 1 for slightly chlorotic leaves without visible patterns; 2 

for leaves with slight deficiency patterns, but with all parts 

green; 3 for leaves with clear deficiency patterns including 

chlorotic areas; 4 for leaves with clear patterns and visible 

growth reduction. 

The experiment was set up and analyzed as fully random 

ized (Lauckner and Fielding, 1991). Duncan's multiple range 

test with a confidence level of 0.95 was used to differentiate 

treatments using soil pH, plant length and deficiency ratings. 

Results 

Germination, plant growth, soil pH, and deficiency symp 

tom data are given in Table 2. Data for germination were not 

analyzed statistically, because of the small number of experi 

mental units (2) in the germination period. The pH of the ir 

rigation water was 7.0. 

Fafard 4, 4P, 2P, Citrus Mix, and Promix BX gave similar 

or higher germination rates as compared to the UC mix. Ger 

mination rates in Fafard 2, 3, and 3B were considerably lower 

than that of the UC mix. Significantly higher plant growth as 

compared to that in the UC mix was not found in any of the 

commercial mixes. Significantly lower plant growth was only 

found using Fafard 3B. Soil pH of most commercial mixes was 

higher than that of the UC mix, and only Metromix 500 had 

a significantly lower soil pH. The UC mix, as well as Promix 

BX, Metromix 500 and Fafard 3B had soil pH within the 

range for optimal citrus growth. Deficiency symptoms were 

found using all mixes but Metromix 500. However, the UC 

mix and Fafard 4 did not differ significantly from Metromix 

500 in deficiency symptom ratings. 

Discussion 

Compared to the UC mix, none of the commercial pot 

ting mixes gave higher plant growth. Only Fafard 3B gave a 

significantly lower growth than the UC mix. However, average 

deficiency symptoms were significantly more severe than 

those when using the UC mix, except for Fafard 4 and Metro-

mix 500. This indicates that the soil mix does not affect plant 

growth as much in terms of plant length, but more the devel 

opment of micronutrient deficiencies. 

Micronutrient availability is influenced considerably by 

soil pH (Baker, 1957), a higher pH decreasing the micronu 

trient availability to plants. For citrus, a soil pH within the 

range of 5.5 to 6.5 is preferred, with better micronutrient 

availability at the lower side of the range (Roistacher, pers. 

comm.). This trend was also found in this experiment. How 

ever, plants grown in Fafard 4 had very few deficiency symp 

toms even with a final average pH of 6.6, indicating that soil 

factors other than pH also affect micronutrient availability. 

In previous experiments, using the original UC-fertilizer 

formulation, soil pH tended to increase steadily and level off 

at pH 7 in different commercial mixes. This was caused by the 

excess calcium supplied by the fertilizer and irrigation water. 

Since the supply of calcium by the original formulation of the 

UC fertilizer is 64.7 ppm, calcium was omitted from the fertil 

izer mix. This new formulation was used in this experiment 

and no signs of calcium deficiency were observed in the plants. 

In our experience, when evaluating soil mixes it is impor 

tant to consider the interaction between mix and fertilizer 

formulation and their effect on the soil pH. This experiment 

has shown that Fafard 4 and Metromix 500 were the most 

comparable with the UC mix, but only with the fertilizer com 

position used in this experiment, which was adapted to the lo 

cal water quality. It can be expected that pH and nutrient 

availability change when using a different fertilizer mix. The 

quality of the irrigation water also plays an important role. In 

our case, for example, calcium was found to be present in suf 

ficient amounts in the irrigation water. Therefore, there is no 

guarantee that these two mixes will perform as well in other 

locations, and evaluation of different mixes is suggested be 
fore adaptation elsewhere. 

Soil pH can be adjusted over time by changing the com 

position of the fertilizer used. Nauer et al. (1968b) compared 

the effect of two fertilizer compositions on the pH of the soil, 

and found that fertigation with calcium nitrate (599 ppm), 

magnesium sulfate (240 ppm) and potassium sulfate (150 

ppm) increased the soil pH from 5.9 to 7.8 in 11 months, 

while a fertigation with ammonium nitrate (599 ppm), potas 

sium chloride (560 ppm) and ammonium phosphate (120 

ppm) decreased the pH from 5.9 to 4.4 in the same period of 

Table 2. Germination, growth, nutrient deficiency and soil pH of 'Duncan' grapefruit planted in commercial potting mixes." 

Germination> Soil pH* Plant ht.x (cm) Deficiency symptoms*' 

UC mix 

Fafard 2 

Fafard 2P 

Fafard 3 

Fafard 3B 

Fafard 4 

Fafard 4P 

Fafard Citrus Mix 

Promix BX 

Metromix 500 

50 

30 

57 

30 

33 

63 

53 

53 

63 

47 

5.4 e 

7.1a 

7.2 a 

6.7 b 

6.5 c 

6.6 c 

6.8 b 

7.1 a 

5.9 d 

5.1 f 

47.1 abc 

42.8 be 

44.9 abc 

48.0 abc 

30.2 d 

46.9 abc 

52.2 a 

51.0 ab 

51.0 ab 

41.0 c 

0.6 b 

1.5 a 

2.1a 

1.8 a 

1.6 a 

0.7 b 

1.6 a 

1.8 a 

1.6 a 

0.0 b 

'Mean separation within columns by Duncan's multiple range test, 5% level. 
yOne month after planting. 

"Five months after planting. 

w0 = healthy plants; 4 = leaf deficiency symptoms and reduced growth. 
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time. This change of pH was due to the presence of pH-in-

creasing (calcium nitrate) and decreasing (ammonium ni 

trate, ammonium phosphate) ingredients in the fertilizer 

mixes (Hanan, 1998). The effect of the fertilizer composition 

on soil pH can only be seen on a long term basis and constant 

monitoring of the soil pH is therefore crucial when plants are 

grown for extended periods of time. 

Fafard 4 and Metromix 500 would be acceptable alterna 

tives to the UC mix, with the use of Fafard 4 resulting in a 

higher germination rate, and with the use of Metromix 500 

giving a more favorable pH and, although not statistically dif 

ferent, causing no micronutrient deficiencies in the plants. 

Seedling growth was compared with that obtained at the 

Rubidoux indexing facility in Riverside, California (Roistach-

er, 1991). Growth of grapefruit in our greenhouse using the 

UC mix was 2.17 cm/week, compared to 2.5 cm/week in Cal 

ifornia. However, instead of measuring plant growth as the 

time needed to reach 1 m, plant height was measured as 

height reached after five months. We expect that the growth 

in our greenhouses will compare to that in California when 

measuring growth in the same fashion. 

In our experiment we have compared only a small fraction 

of all commercially available potting mixes. Fafard 4 and 

Metromix 500 have been found to be most comparable to the 

UC mix and superior to the other tested mixes, based on seed 

germination, plant growth, soil pH and the absence of micro-

nutrient deficiencies. Plant growth data did not reveal any cor 

relation with the soil characteristics given in Table 1. Perhaps 

there are interactions between ingredients, but a more prob 

able explanation would be that soil mix manufacturers only 

reveal limited information on their mixes, and do not provide 

information on the composition of initial fertilizers, pH-regu-

lating components, or types of wetting agents used. It is there 

fore more difficult to predict or explain soil mix performance 

using commercial mixes based on information provided by 

manufacturers. For example, the mix produced specifically 

for citrus by Fafard (Citrus Mix) was not the best performing 

mix in our experiment. This can be avoided when using a self-

made mix where all ingredients are known, like the UC mix. 

It is advisable to test more mixes against these two for fur 

ther optimization of the system, and for comparison of differ 

ent uses (germination, seedling growth, different plant species). 
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Abstract. Diversity of frost protection methodology is broad 

when viewed over a long period. Heating methodology is espe 

cially diverse. A rule is apparent: growers used readily avail 

able materials. Prunings were burned during frosts at the 

height of the Roman Empire. A broad spectrum of heater types 

began to appear in more recent centuries. Wood, charcoal, oil, 

gas, and other fuels were burned in heaters so diverse in de 

sign that one's imagination is staggered. Development in de 

sign and management continues in some areas of the world in 

contrast with local opinions that such methods are of only his 

torical interest. Wind machines of various shapes and sizes 
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began to appear in the early part of the 20th Century in re 

sponse to concerns about air pollution and labor availability. 

These solutions include the helicopter. Orchard covers, later 

row and individual plant covers were tried and found effective. 

Irrigation, the current choice in citrus, was in use in the form 

of flooding during the earliest days of the past century. 

Smudges, fogs, steam, heated irrigation, and windbreaks have 

been tried and in most cases, used effectively. The probability 

that a freeze will occur in a particular year is low. Authors have 

published extensive explanations and models. They have ad 

vised use of alarms, forecasts, site selection, satellite images, 

and networking in conjunction with a recommendation to limit 

attention to the method du jour. Most authors implied the field 

of work was mature and additional change seemed unlikely. In 

a longer view change, at times rapid, is an apparent character 

istic of the field. Diversity of methodology and grower ingenu 

ity suggests that change will characterize the future as it has 

the past. Diversity abounds. 

This is a philosophical summary aimed at the grower, pro 

duction manager, and especially the consultant. It is too easy 

to ignore the possibility of a freeze during a warm series of 

years, and to forget the rich diversity of methods available for 

frost control when a single method, sprinkler irrigation, is so 

widely used. 
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