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ABSTRACT 

Each year the horticultural industry is demanding increasing amount of high quality 

soilless media. To meet the need this study evaluated coconut coir as an organic 

component in substrates. Asian and different Mexican coir-based media were compared 

to sphagnum peat to characterize coir suitability in tobacco transplant growth. These 

organic components were combined in different proportions with inorganic constituents to 

create three water holding capacity levels. The organic components, standardized in their 

capability to hold water, were evaluated by four growth parameters: leaf area, transplant 

height, dry weight, and total nitrogen concentration. Uncompressed, aged, and leached 

coir-based media produced transplants equivalent to those produced in peat-based media 

and were superior to those of either compressed or unleached coirs. Both extreme 

compression and high chloride concentration appear to affect coir suitability in growing 

transplants. Two Mexican leached coir and sand combinations produced the highest 

transplant quality under the conditions of this study. 
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CHAPTER 1 

INTRODUCTION 

Soilless culture constitutes one of the bases of proteaed horticultural techniques 

and horticulturists are continually finding new uses for it. In the vegetable industry, 

soilless medium transplants, grown in controlled environments, improve crop production 

by standardizing plant growth, flowering, and yield. Container media enhance root 

environmental conditions by their suitable physical, chemical, and biological 

characteristics. 

Soilless media offer several advantages over mineral soils, such as the easy control 

of nutrient content, adequate properties in water holding and drainage, and the absence of 

diseases and weeds. The objective of using container media is to provide the transplant 

with suitable rhizosphere conditions as defined by substrate properties; water and nutrient 

retention, aeration, and anchorage (Davidson et al., 1994). Substrate characteristics 

depend on their ingredient constitution, which can be separated into organic and inorganic 

components. Organic components hold water and nutrients, and inorganic components 

improve aeration. Both constituents confer a specific bulk density to the mix, resulting in 

the anchorage or support of the transplant. Those mixes can be combined in different 

proportions, generating media specific to individual horticultural crops. 

A commonly used organic component in soilless media is peat. "Peat is a largely 

organic material produced by the incomplete decomposition of vegetable debris by micro

organisms under wet conditions where oxygen is limited or excluded" (Hammond, 1975). 

In the past five decades, different peats have been marketed for a variety of purposes. 
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Sphagnum peat has been the major organic component in soilless media for this period. 

However, environmental and economic consequences have occurred from severe 

peat extraction. While peat bogs cover 4% of the Earth's surface, the formation of peat is 

a slow natural phenomenon and this organic material is now considered a nonrenewable 

resource, in that in most peatlands, barely less than 1 millimeter of peat is accumulated 

yearly (Heathwaite, 1993). The value of the peat bogs is that they act as a major carbon 

pool removing atmospheric carbon dioxide (Maimer, 1992) that, to some extent, 

influences the global climate. Hammond (1975) states that with increased drainage and 

commercial exploitation, numerous natural peatland habitats have been destroyed, and he 

asserts that conservation of different peatland types is important for a stable bog 

environment as well as for scientific purposes. Peat extraction has become somewhat 

ecologically hazardous; therefore, federal regulations have moderated peat extraction in 

the United States. From 1991 to 1996 United States imports from Canada increased from 

573,000 tons to 740,000 tons (Morse, 1997), and the cost of a packaged metric ton of 

sphagnum peat increased from $97.99 to $105.33 during the 1994-1995 period 

(Rabchevsky, 1995). Consequently, horticulturist production costs have increased, 

largely as a result of buying this amended substrate in small bags. Since sterilized peat 

may present favorable conditions for the development of some fungi, i.e., Pythium 

(Puustjarvi, 1977), another related issue that affects the horticulturist is the cost of the 

increased number of fungicide sprayings needed to produce plants infected by soil-

bom diseases. 
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Overall, while soilless culture expands, peat availability decreases and its cost 

increases. Horticulturists, looking for substitutes, have investigated different types of 

materials. Some materials are under government regulations: municipal and agricultural 

waste products such as swine manure solids, shredded rubber tires, paper and pulp sludge, 

and yard waste compost. Various materials may be harmful to the environment over the 

long term, while others may be unfeasible to produce in quality and uniformity. In other 

cases, their availability is simply insufiBcient to meet horticultural needs. 

For these reasons, several researchers in North American universities have recently 

studied coconut coir, which has been shown to have suitable attributes as an organic 

component in soilless media (Argo and Biembaum, 1996, Evans et al., 1996). Since the 

rapid expansion of the horticultural industry demands more quality soilless media, the 

purpose of this study is to evaluate Asian (AC) and Mexican (MC) coir-based substrates 

to determine 1) if they satisfy horticultural needs, and 2) if coconut coir-based media can 

produce a transplant equivalent to that produced in peat when the differences in water 

holding capacity are accounted for. Tobacco transplants were used in this study because I 

have acquired experience with these plants in my professional activity. 

The objectives of this research are to: 

• Determine the chemical and physical attributes of growing media containing 

different coirs as organic components; 

• Characterize water release curves from various coirs mixed with different 

inorganic components; and 

• Evaluate the effect on plant growth and nutrient content by irrigating those 
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substrates based on their water tension. 

Currently, AC is exported to the United States as compressed bricks for 

horticultural purposes. This compression may reduce its excellent physical properties as 

an organic component for soilless media. On the other hand, MC without compression, 

may show different physical and chemical characteristics from compressed AC. Thus, for 

this study, different coir mixes were evaluated to examine this novel component in the 

substitution of peat. 
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CHAPTER 2 

LITERATURE REVIEW 

The growing medium is an important element in transplant production. Substrates 

provide the environment in which the roots can absorb water and nutrients adequately. 

Greenhouse substrates are of two major classes; soil-based media and soilless media. 

Currently, the latter is the most used substrate in protected horticulture. 

Soilless media quality can be analyzed in both physical and chemical 

characteristics. Physical properties characterize the size of particles in a substrate. 

Particle size determines the substrate density that confers support to the plant and 

establishes the nature of pores that determine the environment for root growth and 

function. Soilless media should be light to handle, but dense enough to stabilize the plant. 

Bulk density (BD), the physical property that refers to this functional parameter, is the 

ratio of dry weight to the bulk volume of media. Pore space determines how much water 

and air the growing media can retain. Thus, total pore volume is the sum of both the 

micro pore space, which determines the volume of water held by a substrate, and the 

macro pore space, which determines the volume of air retained by that substrate. 

As opposed to bulk density, other characteristics need to be measured at container 

capacity (CC), which is the maximum water content after the substrate loses all the 

gravitational water. Water holding capacity (WHC) is the percent volume of water held 

by a substrate at CC, and air porosity (AP) is the percent volume of air held by that 

substrate at CC. Physical properties vary in reconunended ranges since there are external 



factors that affect them considerably. For instance, Styer and Koranski (1997) 

recommend an AP from 1 to 10% in plug trays, and Nelson (1991) recommends from 10 

to 20% in a 17-cm pot. Substrates placed in various containers show different physical 

characteristics. 

Container depth and gravity affect differences in WHC and AP in growing media. 

Water is attracted to the surface of solids remaining in the substrate. This attraction 

forces the water to coat substrate particles and container walls. Growing medium 

particles hold the maximum amount of water when water tension is stronger than 

gravitational force. Therefore, the smaller the particle size in the substrate, the larger the 

amount of water the substrate can hold, with fine particles retaining more water than 

coarse particles (Nelson, 1991). Also, the greater distance the substrate particles are from 

the water table, the stronger the gravitational force that is exerted to the water layering the 

particles. As container depth and gravity increases, the thickness of the water coat on 

substrate particles decreases. 

Chemical characteristics of growing media are also important factors in the 

analysis of rhizosphere conditions. The chemical properties of growing media are pH, 

electric conductivity (EC), and cation exchange capacity (CEC). Recommended ranges of 

chemical properties vary since they are dependent on the mix itself and the water used to 

analyze it. 

The pH measures the concentration of hydrogen ions, acidity or basicity of the 

substrate solution. The pH is an important characteristic in nutrient uptake. Media 

solution pH influences the availability of essential nutrients in soilless media. Different 
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species have specific pH ranges for nutrient availability. Nelson (1991) recommends a pH 

range for general greenhouse substrates fi"om 5.4 to 6.0, but Styer and Koranski (1997) 

recommend a pH range for plug growing media fi-om 5.8 to 6.2. 

Electric conductivity (EC) reflects the quantity of soluble salts contained in 

substrates and is measured as millmhos per centimeter (mmhos/cm) or millsimens per 

centimeter (mS/cm) in different dilutions of media in water. These dissolved mineral salts 

are ions of nutrients and impurities that can be absorbed by the plant. Every plant has a 

need of a specific range of EC to grow adequately after the initial plant stage of juvenile 

sensitivity. With a high EC, seed germination and seedling emergence can be markedly 

reduced. Actually, seedlings can even be burned off with an excess of salts. 

Recommended EC range for plug growing media varies with the testing method. One 

recommended level is <1 mmhos/cm in 2:1 dilution in the initial stage and <1.5 

mmhos/cm in 2:1 dilution in growth (Styer and Koranski, 1997). Fonteno (1996) 

recommends 0.5 to 0.9 mmhos/cm in 2:1 dilution for seedling and plugs and 0.8 to 1.2 

mmhos/cm in 2; 1 dilution for established plants. 

Cation exchange capacity (CEC) is the sum of exchangeable cations that media can 

hold per unit volume, so it is expressed as millequivalents per 100 cm^. CEC is the ability 

of the substrate to retain nutrients for plant use. The way media hold nutrients is due to 

their negative electrically charged particles. These particle charges attract and retain 

positively charged ions such as ammonium nitrogen, potassium, calcium, magnesium, and 

iron. Recommended CEC range for general greenhouse growing media and plug 

substrates is 6-15 me/100 cm^ (Nelson, 1991; Styer and Koranski, 1997). 
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By evaluating substrate physical and chemical properties, horticulturists can 

determine which growing medium is more suitable for their operation or which 

amendment process will improve a chosen substrate. For example, the physical 

characteristics of Canadian sphagnum peat have been analyzed for decades. Sphagnum 

peat WHC averages 76.5 for 17-cm pots and 85 to 94% for plug trays, and AP averages 

8.1 for pots and 0.2 to 2.6% for plug trays (Nelson, 1991; Styer and Koranski, 1997). Its 

bulk density ranges from 8.59 at CC and from 0.06 to 0. Ig/cm^ at dry bulk (Nelson, 1991; 

Fonteno, 1996). Nelson (1991) found that Canadian sphagnum peat pH ranges from 3 .0 

to 4.0 and Styer and Koranski (1997) found it to be 3.0 to 4.5. This low pH of peat may 

require an addition of lime to raise its pH to suitable rhizosphere conditions. 

One way to determine the quality of coir as organic component for soilless media 

is comparing it with peat to characterize coir properties. Coir is the powder and short 

fibers contained in the mesocarp or "husk" of the coconut seed. The coconut mesocarp 

constitutes about 60% coir and 40% long fiber. In the tropical region husk has been used 

as fiiel, and for centuries its long fiber has been used in the rope industry while the coir 

itself has been used more recently as a soil conditioner in regional horticulture. 

In Europe in the middle of the last century John Lindley popularized Asian coir as 

an organic component for growing media, and today coir is a common component of 

soilless media in the European horticulture industry. Asian coir has been investigated as a 

substitute for peat, including physical and chemical attributes and suitability in growing 

media. 
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However, research has shown considerable variability in coir chemical and physical 

properties. Fonteno (1996) described coir physical characteristics as follows: 70 to 80% 

WHC, 9 to 12% AP, and 0.07 to 0.08 g/cm^ BD. Argo and Biembaum (1996) analyzed 

one source of coir with a pH from 5 .4 to 6.4 and an EC of 0.9 mmhos/cm. Evans et al., 

(1996) carried out more extensive analyses evaluating Philippine, Sri Lanka, and Indonesia 

coir sources. The water holding capacity of these products ranged from 73 to 80% and 

AP from 9.5 to 12.5% in 7.5 x 7.5-cm cylinders. In the case of bulk density, coirs ranged 

from 0.4 to 0.8 g/cm^. The pH and EC ranged from 5.6 to 6.9 and 0.3 to 2.9 mmhos/cm, 

respectively. Cation exchange capacity varied from 39 to 60 meq/lOOg. 

Analyzing mixes of coir with inorganic components has been the typical research 

done on this organic component so far. Neither a comparison of coir and peat by the use 

of the same methods and conditions has been done, nor has a physical analysis been 

carried out using similar depth containers. But, some general information on these two 

organic components is available. In dry weight coir water retention ranges from 750 to 

1100% while sphagnum peat ranges from 400 to 800% (Evans et al., 1996). This range 

comparison shows a higher WHC in coir than peat, so coir requires less frequent 

waterings when used as a plant growing medium. Also, this large WHC in coir makes it 

more adaptable to mixing with different inorganic components to find different plant 

substrates. While coir pH is more favorable for plant growth than that of peat, a general 

concern is that the EC of coir is higher than that of peat. 

Coir characteristics vary with source, age, and processing (Evans et al., 1996). 

Coconut grove cultural practices can influence its EC. Coconut trees are semi-halophytic 
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plants that transport salts to their developing fruits (Jeganathan, 1992). Thus, soil 

chemical composition, irrigation water EC, and fertilizers employed in coconut groves are 

responsible for the degree of EC found in their coir (Remison et al., 1988). Moreover, 

AC is stored in piles for long periods; thus, the chlorides contained in the coir near the top 

of a pile may be leached by precipitation to the bottom, where salts accumulate. This 

reduces the EC from the coir near the top, but increases it at the bottom. However, 

leaching coir salts with good quality water can neutralize this effect. For instance, Evans 

research (1996) did not show any salinity problem in growing different bedding plants, 

because with overhead watering chlorides were rapidly leached. 

Cation exchange capacity variability is another problem experienced by coir 

accumulation. Coir at the top of a pile is, of course, younger than that near the bottom. 

Being at the top, the younger coir is the first to be packaged while the aged coir remains 

on the bottom. Younger coir has a lower CEC than older coir because the partial 

decomposition by aerobic microorganisms has not yet occurred. With a higher degree of 

decomposition, coir acquires a higher CEC; thus, more nutrients can be held making the 

aged coir more valuable as an organic component. 

Processing influences coir EC and physical properties by grinding, screening, and 

compressing this organic component, affecting its particle size distribution (Evans et al., 

1996). Some coir producers soak the husk before grinding it to avoid dust dispersal. This 

process leaches chlorides from the mesocarp; however, is important to observe that in the 

same manner that coir can release salts, it can retain them. Therefore, the EC from the 

water used to soak the husk determines the final EC. 
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With the screening process fibers are removed fi^om coir, so its proportion of small 

particles is increased. By increasing the number of fine particles in growing media. Tilt et 

al. (1987) increased the volume of micro pore space, so the WHC was enlarged. Coir 

with less fiber content has a large proportion of small particles, so coir WHC is increased 

while its AP is reduced. 

The compression exerted on this organic component lowers shipment costs by 

reducing its bulk size. Since excessive compression may destroy coir cell structure, coir 

WHC may be substantially reduced or neutralized. As L. St. Lawrence, (personal 

communication 1996) states "Beyond certain compression ratio the structure of the coir 

begins to breakdown." 

In summary, while AC may be an acceptable organic component in soilless media it 

does not have consistent characteristics. Coir EC, a major concern, may be simple to 

solve through leaching. Coir CEC may be dependent on coir age or of its degree of 

decomposition. Grove cultural practices and coir processing may influence coir physical 

properties, especially its WHC. Traditionally, Asia has shipped slightly compressed coir to 

Europe, but highly compressed coir to the United States to reduce shipping costs. 

Mexico, a neighboring country on the southwest border of the United States, can 

become a source of coir. With 450,000 acres of coconut groves on its shores, Mexico can 

produce about 400,000 tons of coir yearly. However, Mexican coir may differ fi'om Asian 

coir in one or more characteristics. 
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This study compares plants grown in Asian coir (AC) and different Mexican coir 

(MC) substrates to determine the variability between their source, processing and age. 

This evaluation also compares coir substrates with sphagnum peat to determine the 

suitability of coir as an organic component for soilless media. Overall, diflferent substrate 

mixes, sphagnum peat, compressed AC, and several uncompressed Mexican coirs were 

used in this study to find appropriate alternatives for horticultural use. 
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CHAPTERS 

MATERIALS AND METHODS 

This study was accomplished at the University of Arizona greenhouses during fall 

1996 and winter 1997, where different commercial and experimental substrates were 

analyzed physically to identify more horticultural substrate options. After the physical 

analysis of the substrates, their water holding capacities showed high variability. All 

substrates employed were then standardized by water holding capacity to better evaluate 

their suitability as growing media. In addition, the irrigation system built to this 

investigation was automated to irrigate the treatments based on media water tension. 

The treatments used to test the substrate factor were six organic components. 

Coco Peat (CP) is the brand name of Terra Enterprises, an American company importing 

Sri Lanka coir to the United States. Coco Grow (CG) is the brand name of an American 

company importing Mexican coir. Sunshine mix 3 (CS) is a well-known peat-based 

Canadian substrate recommended in transplant production. 

Sphagnum peat (P) was the control, so for this research was placed in the 

experimental organic component group. Mexican unleached coconut coir (MUCC) was 

selected from a fresh coir lot while Mexican leached coir (MLCC) was selected from an 

aged, screened coir lot. MLCC is the product of screening aged material and leaching it 

three times at a 1:1 volume ratio with good quality water. The purpose of using these 

experimental organic components was to determine the differences in WHC, EC, and 

CEC. Table 1 describes in detail the different organic components used in this study. 
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Table 1. Description of the organic components used in this study 

CP Asian coir Commercial P Sri Lanka Fresh, leached, and compressed coir 

CG Coco Grow Commercial G Mexico Fresh, screened, and unleached coir 

CS Sunshine mix 3 Commercial S Canada Sphagnum peat and vermiculite 

P Peat Experimental Canada Sphagnum peat 

MUCC Mexican U. coir Experimental Mexico Fresh, unscreened, and unleached coir 

MLCC Mexican L. coir Experimental Mexico Aged, screened, and leached coir 

Substrate Physical and Chemical Analysis 

The physical characteristics were analyzed utilizing drainage containers built at the 

University of Arizona glass laboratory. These drainage containers are 400-ml beakers 

with teflon valves on their bottom. After water saturation of 325 ml of the substrates in 

the drainage beakers, their valves were left open 30 minutes to evacuate the gravitational 

water from the saturated pastes. Every substrate was 3 replicated three times, and the 

data taken were: substrate volume before adding water, water volume added and drained, 

substrate volume after draining water, and substrate dry weight. 

For each organic component, bulk density, air porosity, and water holding capacity 

were calculated. Water holding capacity was the volume of total water retained by the 

substrates, i.e., the sum of water retained after adding water and the initial water content. 

The volume of water that drained after 30 minutes indicated the air porosity volume, and 

bulk density was measured by dividing substrate dry weights by their bulk volume. 

Soil and Plant Laboratory Inc. (Orange, California) analyzed the chemical 

properties of the organic components. Both the physical and chemical information were 
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used to characterized the organic and inorganic components in growing media by 

comparing them with optimum recommended ranges. The substrate mixes used in this 

study are presented in the Table 2. 

Table 2. Description of the substrate mixes used in this study 

CP Commercial Asian coir (Coco Peat) + perlite 

CG Commercial Mexican coir (Coco Grow) + perlite 

CS Commercial peat mix (sunshine mix 3) 

PL Experimental Canadian Peat moss (control) + perlite 

MUCC Experimental Mexican Unleached coir + perlite 

MLCC Experimental Mexican Leached coir + perlite 

MLCCS Experimental Mexican Leached coir + sand 

Water Tension Curves Determination 

Since water-holding capacities showed great variability among organic 

components, they were standardized by their water-holding capacities, combining each of 

them with two inorganic components. The WHC of the mix 90% Mexican leached coir 

and 10% sand has been used in the produaion of tobacco transplants successfully in 

Mexican nurseries for several years. Therefore, this substrate mix WHC determined the 

basis for comparison with the commercial and experimental organic components used in 

this study. 

The water-holding capacities for the combinations 100%, 80%-20%, 60%-40%, 

and 40%-60%, of every organic component and perlite, respectively, were estimated. 

Also, these proportions were used to calculate the WHC of leached coir and sand mixes. 

Then, the regression of the WHC resulting from these substrate mixes was computed to 
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calculate the proportions of the mix components that correspond to different WHC levels. 

Three different WHC levels were determined in this study. The physical analysis of 90% 

leached coir and 10% sand determined the medium WHC level while the high and low 

WHC levels where defined by increasing and decreasing 10% that medium WHC level. 

The purpose of using three different WHC levels was to find a more suitable WHC among 

the evaluated combinations. 

A computer was conneaed to a scale (Sartorius MP8-1 digital) to measure the 

weight of the substrates through time. Concurrently, a 21X datalogger (Campbell Inc.) 

connected to electric microtensiometers stored substrate water tension measurements. By 

graphing the weights of the substrates and their water tension through time, the substrate 

water release curves were determined. The regression for the results of each organic 

component mix defined the actual proportions of the substrate combinations for each 

WHC level. 

Water holding capacity represents the highest volume of water used in the 

calculation of the available water in a substrate. The lowest limit in this estimation is the 

permanent wilting point, the proportional volume of water held by a substrate once plants 

cannot recover by rewatering that substrate. Thus, the permanent wilting points for both 

PL and MLCC in combinations with perlite at the medium WHC level were calculated to 

determine watering moment. 

Water Holding Capacity-Substrate Experiment 

In order to water the WHC-substrate treatments based on water tension, an 
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automated watering system was designed and built. The 2IX datalogger was used to 

measure water tension in the substrates and control the frequency and duration of 

irrigations. The microtensiometers measured the negative pressure from the substrate's 

water column, indicating to the datalogger the moment to irrigate the WHC plots 

individually to recover the volume of water lost between irrigations. For every WHC 

level, the control, PL treatments, set the moment when substrates had lost the 21% of 

their available water to initiate irrigations. 

Since the three commercial substrates used in this study were placed in each of the 

levels under the same substrate treatment, the statistical design for this experiment was an 

incomplete split plot. The WHC treatment was defined as the main plot while the 

substrate treatment was the subplot. In other words, each main plot had defined a WHC 

level that was composed of all the substrate combinations at that WHC. Three replicates 

per substrate treatment were used in each main plot, so the replicates were nested in the 

WHC plots, and the experiment was repeated twice. 

Tobacco pelleted seed from the variety Speight G-28 was sown in 54-cavity 

speedling trays in the first repetition. For the second repetition tobacco seeds were 

germinated in plastic plug trays and transplanted to the speedling trays at the 6th day after 

germination. Transplants from the first repetition were grown in 52 days and transplants 

from the second repetition were grown in 49 days, when the different growth and tissue 

parameters were measured. 

The growth parameters were composed by three developmental parameters leaf 

area, plant height, and dry weight and by one tissue analysis of total nitrogen 
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concentration in transplant shoots. Leaf area was measured by taking the length of 

transplant stems from the ground surface to the shoot apical meristem, using a millimeter 

ruler. Plant height was measured by using the LI-3100 area meter (LI-COR Company), 

and dry weight by drying the substrates in paper bags at 980° during three days with a gas 

oven (Precision, Thelco #18). Then, the samples were ground and analyzed in their total 

nitrogen by the Soil and Plant Laboratory Co. 

SYSTAT was the statistical program used to analyze the data under the split plot 

design. Analyses of variance were calculated for each parameter, and interaction means 

under the significant level (a) = 0.05 were separated by Fisher's least-significant-

difference test at a = 0.05 (Appendices A through D). 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The physical characteristics resulting from the substrates are shown in the Table 3. 

This information shows a common patter when inorganic components are added to the 

organic components. Increases in the proportion of inorganic components in substrate 

mixes, WHC decreases and both air porosity and bulk density increase. The WHC data 

was examined by polynomial regressions to determine the water release curves of the 

organic components. 

Table 3. Physical properties of organic components combined with 
perlite and sand. 

CP lOOV, 70.10 32 0.04 

CP 80% perlite 20% 57.77 37 0.05 

CP 60% perlite 40% 48.52 35 0.07 

CP40% perlite 60% 35.64 36 0.09 

CO 100% 74.80 24 0.05 

CGSQ% perlite 20% 67.72 28 0.06 

CG 60% perlite 40 52.73 31 0.08 

CO 40% perlite 60% 44.27 32 0.09 

CS 100% 84.78 20 0.07 

PL 100% 84.38 20 0.06 

PL 80% perlite 20% 65.97 30 0.07 

PL 60% perlite 40% 59.75 33 0.08 

PL 40% perlite 60% 48.75 38 0.09 

MUCC 100% 83.34 24 0.04 

MUCC 80% perlite 20% 74.65 28 0.06 

MUCC 60% perlite 40% 59.07 36 0.07 

MUCC 40% perlite 60% 55.73 34 0.09 

MLCC 100% 93J6 23 0.08 

MLCC 80% perlite 20% 65.39 29 0.10 

MLCC 60% perlite 40% 54.86 31 0.09 

MLCC 40% perlite 60% 50.39 31 0.10 

MLCCS 100% 93.64 18 0.09 

MLCCS 80% sand 20% 58.33 13 0J6 

MLCCS60%sand40% 58.31 11 0.55 

MLCCS40%sMid60% 58.21 8 0.75 
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The chemical analysis of the organic components is presented in the Table 4. This 

information shows the high EC presented in unleached coirs while that from the remaining 

organic components fell within the recommended ranges. Also, this information shows 

contrasting differences in the concentrations in nitrogen (N), phosphorus (P), and 

Potassium (K). The concentration ofN in peat was high and those of? and K were low 

while the concentrations in coirs were opposite. 

Table 4. Chemical properties of the organic components used in this study. 

CP 5.2 0.7 0 12 122 8511 

CG 6.3 3.8 4 3 301 9302 

PL 6.1 1.4 4 396 64 215 

MUCC 5.6 4.0 2 12 256 8929 

MLCC 6.0 1.3 7 19 244 7947 

Table 5 presents the results of the regressions and the criteria used to define the substrate 

mixes in this study. The three WHC levels were set at 70%, 78%, and 85% for all 

combinations. Most organic components could not hold enough water at the highest 

WHC level, so they were adjusted to a 100% (no perUte). The same situation occurred 

with commercial substrates, which were close to each of the three WHC levels. 

Therefore, the commercial substrates were assigned to a single treatment of the three 

WHC levels. 

Commercial substrate CS occupied the highest WHC level while CG and CP 

occupied the medium and lowest, respectively. These three substrates were analyzed as a 

single treatment "commercial growing media". 
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Table 5. Organic component proportions combined with perlite and sand 
that constitute the predetermined levels of the WHC treatment. 

RSQ 0.976 0.854 
Slope 0.446 0.342 

Intercept 21.293 28.256 

0.967 
0.551 
15.279 

0.923 0.913 0.918 
0.399 0.431 0.420 

27.381 11.864 25.240 

This research was designed to evaluate the effect of substrate n\ixes with different 

water holding capacities in the growth of tobacco transplants. Three developmental and 

one tissue parameters were used to determine the suitability of experimental organic 

components in growing media. The three developmental parameters were leaf area, plant 

height, and dry weight. A larger mean was indicative of a better transplant for these 

parameters. The fourth parameter, total nitrogen concentration, was analyzed based on 

the optimum nitrogen concentration range of 3.5 to 5.5% for plugs and transplants 

(Vetenovetz, 1996). Table 6 lists the treatment means for the four parameters evaluated 

in this study. 

In the first repetition, a severe salinity was observed in seedlings growing in 

unleached coir treatments; therefore, the germination procedure for the second was 

modified. As a result, the four parameters evaluated in this study exhibited significant 

differences for the repetitions, and since these parameters are used to analyze the 

suitability of organic components in plant growth, seed germination rate had to be 
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maintained as a constant factor. Although seed germination is important for commercial 

substrate evaluations, the design of this study was to examine transplant growth. 

The statistical analyses in this investigation showed significant differences in the 

interaction substrate-WHC-repetition for the parameters of leaf area and plant height 

(Appendices A and B) 

Table 6. Means of growth and tissue analysis parameters on tobacco 
transplants after 50 days, listed by WHC and substrate. 

HI 
Mean (cm2) Mean (cm) Mean (mg) mean (%) 

70 CP 1 46.6 1.5 60 7.92 
70 CP 2 64.8 2.4 110 6.99 
70 PL 1 63.6 3.0 100 7.21 

Low 70 PL 2 73.5 2.8 135 6.56 
WHC 70 MLCC 1 57.1 2.2 79 7.63 

70 MLCC 2 72.6 3.0 137 6.39 
70 MLCCS 1 7L4 2.9 115 7.32 
70 MLCCS 2 90.4 3.8 155 6.95 
70 MUCC 1 40.3 1.3 47 7.76 
70 MUCC 2 71.9 2.5 118 6.50 
78 CG I 11.9 0.3 15 8.10 
78 CG 2 76.1 3.7 153 7.23 
78 PL 1 71.0 3.0 107 7.76 
78 PL 2 85.3 2.7 148 7.54 

Medium 78 MLCC I 42.0 1.4 63 7.78 
WHC 78 MLCC 2 77.4 3.2 146 7.46 

78 MLCCS 1 36.2 1.3 51 7.75 
78 MLCCS 2 104.8 4.0 188 7.15 
78 MUCC 1 6.7 0.2 10 8.39 
78 MUCC 2 69.5 2.5 116 7.47 
85 CS 1 70.2 2.9 146 7.03 
85 CS 2 98.2 3.1 141 7.28 
85 PL 1 60.8 2.6 115 7.07 
85 PL 2 81.4 3.0 127 7.39 

High 85 MLCC 1 61.2 2.4 102 7.33 
WHC 85 MLCC 2 79.9 2.7 111 7.36 

85 MLCCS I 66.1 2.6 103 7.40 
85 MLCCS 2 81.4 2.6 117 7.36 
85 MUCC 1 27.2 0.8 38 7.82 
85 MUCC 2 59.1 1.9 79 7.38 
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Dry weight presented significant differences for the interactions of WHC-substrate, 

WHC-repetition, and substrate-repetition (Appendix C). Total nitrogen concentration 

showed significant differences for the interaction of WHC-repetition and the WHC 

treatment (Appendix D). 

Leaf Area 

Table 7 shows the separation of means in the interaction of substrate-WHC-

repetition for leaf area. The leaf area parameter presented six different mean ranges for 

this interaction. In the 70-WHC level the only treatment that fell in the highest range was 

the second repetition of ^^LCCS. MUCC fi'om the first repetition showed the significantly 

lowest mean at the 70-WHC level. For this WHC level, a significant difference between 

repetitions was observed for all treatments except MLCCS, which was significantly higher 

than the remaining substrate mixes in this repetition. 

The comparison of means among growing media in the 78-WHC level for leaf area 

showed a similar trend to that of the 70-WHC level. In the 78-WHC level, the only 

treatment that fell in the highest range was again the second repetition of MLCCS. The 

first repetition of both MUCC and CG exhibited a significantly lower mean than the 

remaining substrates. Once more, for the first repetition, all the substrate treatments 

presented smaller means than those did fi'om the second repetition. 

The second repetition of CS showed a significantly higher mean for leaf area than 

the remaining substrate treatments under the 85-WHC level, and the first repetition of 

MUCC constituted the lowest range under the 85-WHC level. The repetitions in this 
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parameter were significantly different; therefore, from the second repetition the substrate 

treatments were significantly higher than those of the first repetition except for the second 

repetition of MUCC that was placed m the fifth range. 

Table 7. Efifect of the interaaion substrate-WHC-repetition on leaf 
area (cm^) of tobacco transplants after 50 days. 

Suhstnite \N IK Kepeti t ioii  1 Kt-peli l ioii  2 

• n m • 
CP 70 46.6 d 64.8 c 
PL 70 63.6 c 73.5 b c 
MLCC 70 57.1 c d 72.6 b c 
MLCCS 70 71.4 b c 90.4 a b 
MUCC 70 40.3 d e 71.9 b c 
CG 78 IL9 e f 76.1 b c 
PL 78 71.0 b c 85.3 b 
MLCC 78 42.0 d e 77.4 b c 
MLCCS 78 36.2 d e 104.8 a 
MUCC 78 6.7 f 69.5 b c 
CS 85 70.2 b c 98.2 a b 
PL 85 60.8 c d 81.4 b c 
MLCC 85 61.2 c d 79.9 b c 
MLCCS 85 66.1 c 81.4 b c 
MUCC 85 27.2 e 59.1 c 
Standard error = 5.52 N = 3 
Mean separation within columns by Fisher's LSD at a= 0.05. 

In general, the second repetition of 78- and 70-WHC level of MLCCS and the 

same repetition of CS did not show significant differences from one another, composing 

the optimum mean range for leaf area. The three WHC levels for each repetition of PL 

and MLCC did not show significant mean differences except for the first repetition of the 

78-WHC level of MLCC that was placed in the next lower range. However, all the 

substrates for the 78-WHC level in the first repetition were placed in the lowest ranges 

except PL, which fell in the next higher range. Therefore, in the leaf area effect, aged 
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leached Mexican coir-based media produced transplants similar to those produced in peat-

based treatments. 

Commercial substrate S and the three WHC levels of PL did not show significant 

differences in either repetition. Likewise, in both repetitions each WHC level of MLCC 

and MLCCS were significantly similar except for the best treatment for this parameter, the 

78-WHC level of MLCCS in the second repetition. Aged leached Mexican coir and sand 

combined in the proportions to set the 78-WHC level in the second repetition generated a 

substrate that was significantly better than the rest of the Mexican coir mixes except for 

the 70-WHC level of the same component mix, which fell in both the first and second 

mean ranges. MUCC and CP in both repetitions fell in the lowest ranges for this growth 

parameter. In the second repetition MUCC treatments showed a decreasing trend on the 

leaf area in the increment of the WHC levels; therefore, during the experiment MUCC 

mixes with larger proportions of perlite might be leached more easily. 

Transplant Height 

Plant height showed significant mean differences fi"om the interaction substrate-

WHC-repetition in its analysis of variance (Appendix B). This growth parameter 

presented four mean ranges, which be seen on the separation of means for this 

interaction in Table 8. The first repetition of CP and MUCC fell in the lowest range, but 

the remaining treatments under this WHC level were not significantly different fi-om one 

another. 

The 78-WHC level presented three mixes that occupied the optimum range for this 

growth parameter; MLCCS, CG, and MLCC. All three were fi^om the second repetition. 
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In contrast, the first repetition of these three substrates and MUCC were placed in the 

lowest range. Except for the repetitions of MUCC, which fell in the lowest range, the 

remaining treatments in the 85-WHC level were not significantly different. 

Table 8. EflFect of the interaction substrate-WHC-repetition 
on height (cm) of tobacco transplants after 50 days. 

Siibslrale W IK Kepeli t ion I Kepe(i(i() i i  2 

mum • m • 
CP 70 1.42 c d 2.44 b c 
PL 70 3.05 b c 2.80 b c 
MLCC 70 2.17 c 3.00 b c 
MLCCS 70 2.93 b c 3.82 a b 
MUCC 70 1.28 c d 2.54 b c 
CG 78 0.34 d 3.69 a b 
PL 78 2.98 b c 2.69 b c 
MLCC 78 1.40 c d 3.24 a b 
MLCCS 78 1.31 c d 4.01 a 
MUCC 78 0.24 d 2.50 b c 
CS 85 2.85 b c 3.08 b 
PL 85 2.63 b c 2.97 b c 
MLCC 85 2.39 b c 2.69 b c 
MLCCS 85 2.59 b c 2.65 b c 
MUCC 85 0.84 d 1.91 c 
Standard error = 0.31N = 3 
Mean separation within columns by Fisher's LSD at a= 0.05. 

The means of the two repetitions of CS and the means fi^om all PL and perlite 

combinations were not significantly different. The means of MLCCS and MLCC in the 

two repetitions and for all the three WHC levels were not significantly different except for 

the first repetition of MLCC in the 70-WHC level, which was fell in the next lower range. 

The 85-WHC level of MUCC in the first repetition was significantly lower than the 

remaining coir substrates for this parameter. The means of all the WHC levels of 



34 

MLCCS, MLCC, and PL in both repetitions were not significantly different except for the 

second repetition for the 78-WHC level of MLCCS that fell in the optimum range in this 

growth parameter. 

Again, in seedling height, the 70- and 78-WHC levels of MLCSS in the second 

repetition, constituted the significant optimum range together with the same repetition of 

CG and MLCC in the 78-WHC level. The means of the second repetition for the 70- and 

78-WHC levels of MUCC were not significantly different from the MLCC substrate mixes 

and the 70- and 85- WHC level of MLCCS. However, in the first repetition, MUCC 

mixes showed significant differences for most of the MLCC and MLCCS combinations in 

this growth parameter. 

Dry Weight 

Dry weight showed significant differences for the interactions of WHC-substrate, 

WHC-repetition and substrate-repetition at a = 0.05 (Appendix C). The separation of 

means in the interaction WHC-substrate for this parameter is shown in the Table 9. This 

interaction between the various substrate mixes and the different WHC levels statistically 

pointed to three different mean ranges. The mean of CS was placed in the first range 

together with the 70- and 78-WHC levels of MLCCS and all PL substrate mixes. The 

means of PL, MLCCS, and MLCC were not significantly different in all the WHC levels. 

For this interaction, CP, CG, and all the substrates of MUCC fell in the lowest 

range. However, CP, CG, and the 70-WHC level of MUCC means were not significantly 

different to those of MLCCS, PL, and MLCC. The 78- and 85-WHC levels of MUCC 
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presented significantly smaller than the remaining growing media. 

Table 9. EfiFect of the interaction WHC-substrate 
on dry weight (mg) of tobacco transplants 
after 50 days. 

• 
CP 70 85 b c 
PL 70 118 a b 
MLCC 70 108 b 
MLCCS 70 135 a b 
MUCC 70 83 b c 
CG 78 84 b c 
PL 78 128 a b 
MLCC 78 105 b 
MLCCS 78 120 a b 
MUCC 78 63 c 
CS 85 144 a 
PL 85 121 a b 
MLCC 85 107 b 
MLCCS 85 110 b 
MUCC 85 59 c 

Standard error = 8.71 N = 6 
Mean separation within columns by Fisher's LSD a= 0.05. 

Table 10 shows the separation of means for the interaction of WHC-repetition for 

the parameter of transplant dry weight. The 78 WHC level produced the smallest mean 

dry weight in the first repetition and the largest in the second, both of which were 

significant. This interaction clearly showed the contrastive differences of the 78-\VHC 

levels for the repetitions and the polarity of the results fi"om both repetitions. 

The separation of means for the interaction substrate-repetition is presented in the 

Table 11 in which different commercial substrates cannot be analyzed since they composed 

the three WHC levels under the same substrate treatment. For this interaction, the second 

repetition of MLCSS and PL constituted the significant optimum mean range while the 
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first repetition of MUCC composed the lowest. This interaction indicated that PL mean 

was not significantly different fi"om MLCCS and MLCC means in the second repetition. 

Nevertheless, in the first repetition, the means of PL and MLCCS were significantly 

different fi^om that of MLCC. 

Table 10. Effect of the interaction WHC-repetition on 
dry weight (mg) and nitrogen concentration (%) 
of tobacco transplants after 50 days. 

Dry weight Nitrogen 

mm • 
70 1 80 d 7.57 b 
70 2 131 b 6.68 a 
78 1 49 e 7.95 c 
78 2 150 a 7.37 b 
85 1 101 c 7.33 b 
85 2 115 b c 7.35 b 

Standard error = 5.51 0.088 
N= 15 15 

Mean separation within columns by Fisher's LSD at a= 0.05 

Overall, for the interaaions of transplant dry weight, the 70- and 78-WHC levels of 

MLCCS produced transplants significantly similar to those produced in peat-based media 

for the interaction of WHC-repetition. In addition, all substrate combinations of MLCCS 

and MLCC produced a transplant insignificantly fi-om those produced in PL media. 

All the unleached coirs at the two highest WHC levels produced transplants of 

significantly less mass than those produced by the remaining substrates (Table 9). 

Contrasting results were experienced in the interaction of WHC-repetition, which clearly 

established a significant difference between repetitions. However, the second repetition of 
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the 78-WHC level produced transplants with significantly greater weights than those 

produced in the other two WHC levels for both repetitions. 

Table II. Effect of the interaction substrate-repetition on dry 
weight (mg) of tobacco transplants after 50 days. 

SiihstnUf Rfpclicioii  Me;m 
PL 
PL 

1 

2 
1 

2 

107 
137 a b 
81 
131 b 
90 
153 a 

c 

MLCC 
MLCC 
MLCCS 
MLCCS 
MUCC 
MUCC 

2 
1 
2 

32 
105 c 

c d 

d 

e 

Standard error = 7.12 N= 9 

Mean separation within columns by Fisher's LSD at a= 0.05. 

For the interaction substrate-repetition, the second repetition of MLCCS and 

MLCC substrate combinations produced a transplant insignificantly different fi^om that 

produced in peat mixes. MLCCS substrate combinations in the second repetition 

produced a transplant with significantly greater weight than that produced in MLCC mixes 

for this dry weight interaction. In the first repetition, MLCCS substrates produced a 

transplant insignificantly different to that produced in PL mixes, while PL mixes produced 

a significantly greater weight transplant than that generated by MLCC. Nevertheless, the 

first repetition of MLCCS and MLCC did not produce significantly different transplants in 

the substrate-repetition interaction for dry weight. MUCC substrate mixes for this 

parameter, in general, produced a significantly inferior transplant than that produced in the 

remaining growing media. 
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Total Nitrogen Concentration 

The total nitrogen concentration of tobacco seedling shoots showed significant 

mean differences for the interaction of WHC-repetition in its analysis of variance 

(Appendix D). Thus, no information about substrate difference is shown from this 

parameter. Table 10 shows the separation of means in the interaction for this shoot tissue 

analysis, which was presented in three mean ranges. The concentration of nitrogen, in 

general, for all the treatments was quite high. Vetenovetz (1996) determined that 3.5-

5.5% was the optimum range of nitrogen concentration in transplants. However, in this 

study a mean range of 6.7-8.0% was observed in total nitrogen interaction. Every nutrient 

is necessary in plant tissue in a balanced concentration with the other nutrients. Even 

nitrogen in higher concentrations can affect transplant development as a hazardous 

element, acting as a potassium inhibitor (Styer and Koranski, 1997). 

This high nitrogen concentration could result either from excessive fertilization or 

high EC affecting transplant growth and development. Because the nitrogen 

concentration range presented by all treatments in this study was above optimum, the 

lower the nitrogen concentration, the better the transplant may metabolize nitrogen 

molecules from substrate-solution uptake. The 70-WHC level in the second repetition 

showed a significantly smaller mean than those of the remaining WHC-repetition 

treatments, and the 78-WHC level in the first repetition showed a significantly greater 

mean. 
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Since total nitrogen concentration did not show any significant difference in the 

interactions where substrates were present, only the plant developmental parameters were 

used to come to the final conclusions. Leaf area and plant height were significantly 

different for the interaction substrate-WHC-repetition while dry weight was significantly 

different for the interaction WHC-substrate. Table 12 shows the highest and the lowest 

mean ranges fi-om the three growth parameters: leaf area, plant height, and dry weight. 

The differences between repetitions can be clearly observed fi-om this chart for all 

three-growth parameters. Also, the odd factor that influences the results of 78-WHC level 

in both repetitions is easy to observe fi'om this table. 

The means of the second repetition for the 70- and 78-WHC levels of MLCCS 

were placed in the optimum range for the three growth parameters. The second repetition 

for the 85-WHC level of CS fell in the optimum range for leaf area and dry weight 

parameters. All the WHC levels of PL were placed in the optimum range for the dry 

weight parameter. The second repetition of CG and the 78-WHC level of MLCC fell in 

the optimum range of the transplant height parameter. 

Therefore, for all three-growth parameters, the second repetition for the 70- and 

78-WHC levels of MLCCS fell in the highest range. These two substrate mixes were 

followed by the second repetition of CS in number of parameters the highest range. In the 

summary analysis for this study, all WHC levels of PL and the second repetition of CG 

and the 78-WHC level of MLCC constituted the third group in number of parameters at 

the highest range. The means of the first repetition for the 78-WHC level of MUCC and 

CG were placed in the inferior range for the three growth parameters. The first repetition 
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for the 85- and 70-WHC levels of MUCC and CP fell in the lowest range for plant height 

and dry weight parameters. The first repetition for the 78-WHC level of MLCC and 

MLCSS fell in the inferior range for the transplant height parameter. 

Table 12. Highest and lowest ranges of the three growth parameters evaluated 
on tobacco transplants after 50 days. 

1 2 1 2 1 2 

LA 

PH 

DW 

CP CG 

• 

CS 

• 

• • 

LA 
PH 
DW • • • • • • 

LA 
PH 
DW 

• 

LA 
PH 
DW 

• 

• 

• • 

• 

• • 

• • 

LA 

PH 
DW 

- - -

• highest mean range - lowest mean range 
Leaf area (LA), Plant height (PH), and Dry weight (DW) 

Therefore, for all three-growth parameters, the first repetition for the 78-WHC 

level of MUCC and CG fell in the lowest range. These two substrate mixes were followed 

by the first repetition of CP and the same repetition for the 85- and 70-WHC levels of 

MUCC in number of parameters at the lowest range. The first repetition for the 78-WHC 

level of MLCC and MLCCS constituted the third group in number of parameters at the 

lowest range. 
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CHAPTERS 

CONCLUSIONS 

The following conclusions can be made under the conditions of this study. 

1. Mexican leached coir-based media produced a transplant equivalent to that 

produced in sphagnum peat-based substrates when water holding capacity 

differences are accounted for. MLCC is a suitable substitute for peat as an 

organic component for soilless media. The second repetition of the 70- and 

78-WHC of leached Mexican coir combined with sand produced the greatest 

transplant quality. The variation factors of coir are important to observe for 

use as a major component in transplant production. This variability influences 

coir suitability in growing media where age, leaching, screening, and 

compression are important. 

2. The quality of transplants produced in uncompressed Mexican coir (MC) is 

significantly superior to that of transplants produced in compressed Asian coir 

(AC). After physical analysis, AC showed lower water holding capacity than 

uncompressed MC. Their differences in suitability as growing media may be 

due to the severe compression exerted on AC. Asian coir (CP) properties 

were damaged by the extreme compression exerted on it during processing. 

The same problem may occur with sphagnum peat and Mexican coir. 

3. Mexican aged, screened, leached coir-based media produced transplants 

significantly superior than those produced in Mexican fiesh, unscreened. 
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unleached coir-based media. Experimental and commercial unleached coir 

transplants were influenced by the physical and chemical properties of the 

substrates. High EC, low CEC, and low WHC might be the limitations 

affecting transplants grown in MUCC and CG. The high chloride 

concentration of unleached coirs impacts tobacco transplant growth. For 

different plant species, chloride susceptibility could be evaluated to avoid the 

need to leaching coir. 

4. The transplants produced in Mexican aged, screened, leached coir-based mixes 

with sand or perlite did not present significant differences. Although the 70-

and 78-WHC levels of MLCCS for the second repetition fell in the highest 

mean range for the three developmental parameters, the means fi'om all of the 

70- and 78-WHC levels of MLCCS and MLCC for the second repetition were 

not significantly different. Different rates of leached combined with either sand 

or perlite need to be tested to find proper MLCC substrate mixes for other 

horticultural purposes and species. 
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APPENDIX A 

STATISTICAL RESULTS FOR LEAF AREA 



Analysis of variance for the effect of treatments on tobacco 
transplant leaf area after 50 days. 

Source Sum-of-Squares DF Mean-Square F-Ratio P 

WHC 1709.2 2 854.6 0.6 0.011 
Main plot error 482.0 6 80.3 0.9 0.523 
Substrates 9657.1 4 2414.3 17.7 0.000 

WHC* Substrates 5449.6 8 681.2 5.0 0.001 

Subplot error 3275.0 24 136.5 1.5 0.149 
Repetition 20603.9 1 20603.9 225.1 0.000 
WHC*Repetition 4024.7 2 2012.4 22.0 O.OOO 

Substrates*Repetition 2179.2 4 544.8 6.0 0.001 

WHC*Substrates*Repetition 1774.7 8 221.8 2.4 0.038 

Error 2746.3 30 91.5 
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APPENDIX B 

STATISTICAL RESULTS FOR TRANSPLANT HEIGHT 
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Analysis of variance for the effect of treatments on tobacco 
transplants plant height after SO days. 

Source Sum-of-Squares DF Mean-Square F-Ratio P 

WHC 1.5 2 0.74 0.22 0.190 

Main plot error 2.0 6 0.33 1.14 0.362 

Substrates 21.2 4 5.30 0.49 0.000 

WHC*Substrates 6.1 8 0.77 0.96 0.019 

Subplot error 6.2 24 0.26 0.89 0.608 

Repetition 24.4 1 24.41 84.23 0.000 

WHC*Repetition 10.2 2 5.12 17.67 O.OOO 

Substrates*Repetition 7.8 4 1.95 6.73 0.001 

WHC*Substrates*Repetition 6.6 8 0.82 0.84 0.018 

Errcr 8.7 30 0.29 
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APPENDIX C 

STATISTICAL RESULTS FOR DRY WEIGHT 
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Analysis of variance for the effect of treatments on tobacco 
transplants dry weight after 50 days. 

Source Sum-of-Squares DF Mean-Square F-Elatio P 

WHC 1088.5 2 544.25 0.04 0.409 
Main plot error 3132.0 6 522.00 1.15 0.361 
Substrates 34770.6 4 8692.64 0.72 0.000 
WHC* Substrates 17209.9 8 2151.23 0.40 0,010 
SubPlot error 15207.0 24 633.62 1.39 0.195 
Repetition 69136.0 1 69136.00 151.72 0,000 
WHC*Repetition 28589.5 2 14294.80 0.37 0.000 
Substrates*Repetition 4980.9 4 1245.23 0.73 0,047 
WHC*Substrates*Repetition 7949.1 8 993.64 2.18 0,058 

Error 13670.7 30 455.69 

COM MLCC MLCCS MUCC PL COM MLCC MLCCS MUCC PL COM MLCC MLCCS MUCC PL 

Subst WHC Mean 70 70 70 70 70 78 78 78 76 78 85 85 85 85 85 

COM 70 85 1 000 

MLCC 70 108 0 129 1 OOO 

MLCCS 70 135 aoo2 0 073 1 000 

MUCC 70 83 0880 0 097 0.001 1 000 

PL 70 118 a034 0 507 0.240 ao2s 1 000 

COM 78 84 0953 0 115 aoo2 0926 aoso 1 000 

MLCC 78 105 0 187 0 830 a047 0 144 0 382 0169 1 000 

MLCCS 78 120 a02S 0 425 0.297 0.018 0 891 0.032 0 314 1 000 

MUCC 78 63 0 143 0.005 aooo 0 186 aool 0159 aoo8 aool 1 000 

PL 78 128 aoo7 0180 0 624 aOQ6 0 486 0.006 0 123 0 575 aooo 1 OOO 

COM 85 144 0.000 0.021 0555 aooo 0 084 aooo 0.013 0109 0.000 0 284 1 000 

MLCC 85 107 0 143 0953 0 065 0108 0 471 0129 0 876 0 393 aooe 0163 aoi8 1 000 

MLCCS 85 110 0 096 0 875 0099 0 071 0 612 0086 0 710 0 521 0.003 0 234 a029 0 829 1 000 

MUCC 85 59 0084 OJQOZ aooo 0 112 aooo 0 094 aoo4 aooo 0 775 OJOOQ aooo aoo3 aoo2 1 000 

PL 85 121 a020 0 371 0 344 aoi4 0 814 0.018 0 271 0 921 aool 0 643 0 131 0 341 0 459 aooo 1 000 



70 70 78 78 85 85 
WHC Rcpt Mean I 2 1 2 1 2 

70 I 80 1.000 

70 2 131 0.000 1.000 

78 1 49 0.000 0.000 1.000 

78 2 150 o:ooo 0.018 0.000 1.000 

85 1 101 0.013 0.001 0^000 0.000 1.000 

85 2 1 1 5  0.000 0.054 odoo 0.000 0.076 1.000 

Substrate Repetition Mean 

COM COM MLCC MLCC 

12 12 

MLCCS MLCCS 

1 2 

MUCC 

1 

MUCC PL PL 

2 1 2 

COM 1 73 1.000 

COM 2 135 0.000 1.000 

MLCC 1 81 0.433 0.000 1.000 

MLCC 2 131 0.000 0.723 0:000 1.000 

MLCCS 1 90 0.113 0.000 0.408 0.000 1.000 

MLCCS 2 153 0.000 0.080 0.000 0.038 0.000 1.000 

MUCC I 32 0.000 0.000 0.000 0.000 O.OiDO 0.000 1.000 

MUCC 2 105 0.004 0 005 0.029 0.012 0.157 0.000 0.000 1.000 
PL 1 107 0.002 0:010 0.015 0.024 0.092 0.000 0.000 0.775 1.000 
PL 2 137 0.000 0.855 0.000 0.592 OTOOO 0.114 0.000 0.003 0.006 1 .000 
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APPENDIX D 

STATISTICAL RESULTS FOR TOTAL NITROGEN CONCENTRATION 
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Analysis of variance for the eflfect of treatments on tobacco 
transplants nitrogen concentration after 50 days. 

Sum-of-Squares DF Mean-Square F-Ratio P 

WHC 4.42 2 2.21 0.22 0.002 

Main plot error 0.62 6 0.10 0.90 0.508 

Substrates 0.96 4 0.24 4.90 0.005 

WHC*Substrates 1.52 8 0.19 0.88 0.005 

Subplot error 1.18 24 0.05 0.42 0.983 

Repetition 5.28 1 5.28 45.64 0.000 

WHC*Repetition 3.24 2 1.62 14.01 0.000 

Substrates*Repetition 1.19 4 0.30 2.58 0.058 

WHC*Substrates*Repetition 0.82 8 0.10 0.89 0.536 

Error 3.47 30 0.12 

WHC Mean 70 78 85 
70 7.12 1.000 
78 7.66 O.QOI 1.000 
85 7.34 mam mm 1.000 

70 70 78 78 85 85 
WHC Repetition Mean 1 2 1 2 1 2 

70 1 7.57 1.000 
70 2 6.68 0.000 1.000 
78 1 7.95 0.004 0.000 1.000 
78 2 7.37 0.121 0.000 0.000 1.000 
85 1 7.33 0.068 0.000 0.000 0.766 1.000 
85 2 7.35 0.097 0.000 0.000 0.907 0.856 1.000 
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