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CHAPTER I 

INTRODUCTION 

Container nursery production has increased rap·idly since the early 

1950 1 s due to escalating land values, increasing labor costs, reduced 

production time and higher quality plants which can be marketed and 

planted anytime of year. However, many nurseries specializing in con

tainer grown plants still use seedling production methods developed by 

field nurseries. This practice is due to the tendency of seedlings to 

rapidly produce a twisted, malformed root system when germinated and 

grown in a conventional container. The production time of seedlings in 

raised beds or nursery rows is often lengthy, depend·ing on species. 

Three to four years may be required to produce seedlings large enough 

to transplant into a container or 11 line out 11 in the field. Conventional 

seedling propagation is generally characterized by crowded conditions 

and keen competition for light, water and nutrients. Some species are 

transplanted from germination seed beds to a secondary or tertiary 

transplant bed in order to allow more room for development and to cull 

the many stunted or inferior seedlings. 

Throughout the nursery bed production phase, seedling roots may be 

undercut or laterally pruned. When practiced correctly these techniques 

y·ield enhanced seedling survival by promoting secondary and tertiary 

root formation. Vigor of many seedlings is sufficient to overcome the 

stress imparted by roots cut and torn during root pruning and in lifting 

1 
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from the seed beds during transplanting. However, each time the root 

system is disturbed or reduced, there is a concurrent loss of sustained 

growth. Shoot and root growth represent time and money which is lost 

during each pruning operation, which provides a potential entrance for 

many disease organisms prior to healing. 

The forest industry has devoted vast resources to develop a con

tainerized seedling concept to aid in rapid reforestation. "Test tube 11 

seedling nurseries now produce millions of conifer seedlings annually. 

Some ornamental nurserymen are using this system but seem to be reluc

tant to further modify the foresters production methods to coincide with 

their goals. For the reforestation container seedling to be economical

ly feasible it must compete with the bed grown seedling which can be 

produced for as little as $.02 to $.04 cents per seedling. In order to 

achieve this goal, very small containers are used. This also produces 

a small seedling which can be mechanically transplanted at the reforest

ation site, Fertility is often maneuvered out of balance in order to 

achieve root:shoot ratios and dormancy requirements thought to be desir

able on adverse planting sites. Few of these goals are consistant with 

the ornamental nursery industry since the projected monetary return on 

a young landscape tree is many times that of the same tree in an imma

ture forest. The nurseryman cannot afford to engage in false economy 

by attempt"ing to copy forestry methods, for differences in time and 

money and ultimate objectives are not the same. 

Many advantages of growing in containers are recognized; acceler

ated and uniform growth due to high fertility, a uniform well aerated 

growing media and no loss of roots resulting in transplant shock. A 

container system ~,,rhich anows seedling propagation without malformed 
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roots, significantly reduces production time and yields a higher quality 

plant would be economically advantageous. The objectives of this re

search were to investigate such a container system and to develop a 

controlled release nutritional system for the production of high quality 

seedlings. 



CHAPTER II 

LITERATURE REVIEW 

Seed Propagation 

Seed is the most common means of propagation for self pollinated 

plants and is extensively used for many cross pollinated plants (3). 

Many plants do not propagate readily from cuttings or form such defi

cient root systems that asexual propagation is not practiced. For many 

species, seed is the least expensive method of propa~ation (56). In 

addition, seeds offer a convenient method of storing a potential plant 

until needed in the production cycle (3). Asexual propagation is often 

limited by precise timing during which the cutting must be removed from 

the parent (4). Also the use of seedlings as rootstock for many grafted 

species is vddespread in the nursery industry (13). Procedures for 

growing seedlings in ground beds is well documented (27) (100) (117) 

(118) (122) (124) but many problems have been encountered. 

Seed Dormancy 

·seed from many tree species which ·is sound and uninjured may be 

dormant and fail to germinate when placed in an optimum environment. 

As many as two-thirds of the trees display some form of seed dormancy 

(67). Dormancy may vary considerably between species and between indi

vidual trees at a given site. McLemare and Barnett (83) found that 

with Loblolly pine (Pinus taeda_) dormancy varied between individual 

4 
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trees at a given site but was constant for four years in individual 

trees. Similar findings have been reported for Douglas fir (Pseudotruga 

menziesii_} (1) (2). Dormancy due to genetics and environmental condi

tions is more common. Seed of Eastern White pine (Pinus strobus) from 

northern trees have a shorter dormancy than from southern trees (29) 

(89). The reverse is true for some deciduous species; for example, Sugar 

maple (Acer saccharum), European ash (Fraxinus excelsior), Sweetgum 

(Liguidambor ~.),and Sycamore (Platanus ~.)show a greater degree 

of dormancy in seed from northern seed sources (65) (125) (131) (137) 

(142). Dormancy may also result from low temperatures when the seed is 

maturing, delaying embryo development. Moisture relations were reported 

to influence dormancy of Black locust (Robinia pseudoacacia). Gassner 

(35) found that seed developing under moist conditions were only moder

ately dormant while arid conditions produced seed which was completely 

dormant. Mclemore and Barnett (83), and Krugman (68) suggested that 

treatment methods during harvest, extraction, drying and storage may 

also induce dormancy. Too rapid a drying or drying at excessive temper

atures and prolonged storage were major causes of dormancy. 

Nondormant seeds in the proper environment proceed through three 

germination stages: (1) imbibition of water,(2) activation of metabolic 

processes, and (3) embryo growth. Morphological or physical dormancy 

results primarily from a hard, impermeable seed coat. Internal or 

physiological dormancy may exist due to the presence of an inhibitor, 

an embryo unable to mobilize and utilize food material or other condi

tions of anatomically immature seed (67). 

Nurserymen speed the removal of dormancy barriers by the use of 

moisture, temperature and light treatments alone and in combination. 
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Chemical or mechanical treatments are also imposed in order to penetrate 

tough seed coats and promote germfoation (4) (109). Seed requiring only 

stratification in order to germinate is often fall sown in mulched beds 

to stratify and emerge in the spring (128). 

Germination 

Environmental requirements for nondormant seed to germinate include: 

1) favorable temperature, 2) adequate moisture, 3) adequate gas exchange, 

and for some species, 4) light. Attempts by nurserymen to control or 

hasten nature's propagation methods can thus become limiting factors and 

often produce failures. 

Removal of the plants from the seed bed must be accomplished during 

the dormant season and results in a substantial loss of roots. Murphy 

(93) felt this loss of roots and attendent exposure of roots to desicca

tion should be avoided by the use of individual containers. The surv"ival 

and growth of bed grown seedlings after transplanting is also a signifi

cant problem. This factor has convenced some nurserymen to switch to 

an individual container propagation system (129). 

Overcrowding of seedlings leads to greater difficulty with damping

off, mildew and other diseases and reduces vigor and size of the seed-

1 "lng (51), and fertility and seedling density in the germination beds is 

often a limiting factor in achieving optimum growth (80) (92) (101) 

(114). Thin spindly seedlings without a healthy, fibrous root system 

do not transplant well (66). Insect problems also tend to present a 

problem in the crowded seed bed (141). 



Container Production 

Container grown plants provide many advantages to the grower, 

retailer and consumer (59). Some advantages include: 

1. Reduced production time, 

2. Precise control of water, fertility, medium and other 

environmental growth factors, 

3. Ease of harvest and harvest season less specific, 

4. Fewer problems with soil pests encountered since most growing 

media are soilless, 

7 

5. Container plants may be marketed throughout the growing season 

and planted with ease by the consumer, 

6. Maintenance in retail areas is easier with container plants 

than field grown plants, 

7. Poor land or other wise non-productive land may be used for a 

container nursery, 

8. Transportation costs are less since the relative weight of a 

container grown plant is much less than a balled and burlaped 

plant due to the less dense soilless media, 

9. Expensive structures providing controlled atmosphere storage 

of the dormant bare root plant and attendent packaging may be 

eliminated, 

10. It is much easier to produce a uniform crop when using 

containers. 

Root Modification 

While containers allow the seedling to be transplanted without the 

shock of root removal or disturbance, research has shown that 
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confinement to a container for too long a period may create a malformed, 

contorted root system (23) (43) (44) (52) (71) (105). Seedlings with a 

deformed root system may result in a 20 percent reduction in height, 

depending on species (104). Tree seedlings with spiraling and kinked 

roots may later become stunted or break off at the crown (8). 

Death of Maritime pine seedlings in northern Tunisia has been 

attributed to strangulation by spiraling lateral roots (18). 

A 11 containers modify root structure and because of the many attri

butes of container grown seedling production, problems found with some 

containers must be corrected or new concepts devised that will produce 

a sound root system (52). 

The behavior of roots in a round container is part of the root 

girdling problem. When a growing root confronts a barrier it cannot 

penetrate it turns or buckles and follows the contour of the barrier. 

In a cylindrical container, no direction other than cyclic is provided 

and the root starts a spiral growth pattern. Davis and Whitcomb (21) 

found that by using square, bottomless containers on wire bench, roots 

grew out until contacting the container sides, then proceed to the 90 

degree angle corner and grow downward. Roots reaching the container 

bottom are 11 air pruned 11 by desiccation. This pruning of primary roots 

induces development of lateral roots which in turn are air pruned as 

they reach the bottom. A fibrous root mass with no spiral growth is 

the resu'Jt. 

Root pruning of seedlings which have a dominant taproot should be 

done early (42) (43). Wire-bottomed flats or benches (30) stimulate 

formation of lateral roots but individual seedlings may still compete 

for nutrients and growing room. McDonald (81) suggested that ponderosa 



pine seed trees had an inhibitory effect on developing seedlings which 

increased with density and persisted four years after removal of the 

seed trees. Such plant competition or supression may be a factor in 

seed bed and fiat seedling propagation. 

9 

The desirability of root pruning to increase survival is supported 

by Barnett and McGibray (6) who used a copper screen to restrict root 

growth out of containers to decrease root loss and damage prior to 

outplanting. Although copper screens prevented root emergence from the 

container bottom, it had no effect on the dry root weight of two species 

of southern pines. They suggest inhibition of primary roots by the 

copper stimulated lateral root development without decreasing total root 

production. 

Research by Hathaway and Whitcomb (45) using three sizes of bottom

less containers and five levels of osmocote 18-6-12 also showed no dif

ference in fresh root weight of Shumard oaks regardless of container 

height or fertility 1eve1 . 

Root and shoot growth are interdependent and interregulated (70). 

Roots mechanically support the plant, absorb and translocate water and 

mineral solutes, synthesize organic compounds, especially amino acids, 

and store manufactured foods. Thus, root malfunction, injury, or death 

are reflected in reduced top growth (62). 

In order to balance the root:shoot ratio and facilitate planting, 

many nurserymen severely prune the shoot to compensate for root loss 

when bed grown seedlings are lifted (149). There are considerable dif

ferences in species tolerance to this type pruning (143). HovJever, 

severe pruning of the shoot is likely to lower survival (144) and root 

regeneration potential (74). The severe ~oot and shoot pruning prior 
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to transplanting undoubtedly plays a significant role in the transplant 

shock, reduced growth and high morta 1 ity of bed grovm seedlings. Kramer 

(64, p. 134) suggests the cause of these problems: 11 Roots and shoots 

are dependent on each other in various ways, and if the growth of one is 

much modified, the other is likely to be also. 11 He further calls for 

research in this area. 

More must be learned about factors controlling production of 
new roots following transplanting. To what extent is this 
related to time of year, and is it affected by mineral nutri
tion or other cultural practices to which the seedlings were 
subjected prior to transplanting (p. 149). 

The removal of shoots to balance the loss of roots is common (85) 

(96), but may inhibit both root and shoot growth. Richardson (103) con-

eluded that root growth of Acer saccharinum seedlings is dependent on 

chemical stimuli from the leaves or buds in addition to carbohydrates. 

Other research (20) (116) (119) also indicates the necessity of the 

shoot supplying harmones and carbohydrates. 

Remova·1 of roots and shoots may also severely deplete carbohydrate 

or starch reserves needed for spring growth. Normally, carbohydrate 

reserves close to the site of utilization, i.e., shoot expansion and 

growth, are used first. Clausen and Kozlowski (20) found that one year 

old shoots of red pine and Douglas fir supply reserves for initiation 

of new shoots in the spring. In young Taxus species plants, 20-50% of 

the carbohydrates utilized in spring growth are stored in old needles 

(116). 



Root-Shoot Ratio 

Much is written about the need for maintaining a "proper" root

shoot ratio (104) (109) (120) (128). It is suggested that a seedling 

with a very large root system and small shoot has a better survival 

11 

rate. The ratio for success is said to be about unity, or an evenly 

balanced top and root by ~ie·ight. This may be necessary if the seedling 

is grown under conditions of low fertility. High fertility container 

systems can produce seedlings with a very low root:shoot ratio (45). 

Research by Trapp (123) suggests that the importance of root:shoot ratio 

to seedling survival needs study. He further states, Ha root system 

best suited to rapid extension might conceivably have a low 'unfavorable' 

ratio. 11 

Many trees at maturity do not have a balanced root:top ratio. Will 

(140) reported that the root system of 18 year old monterey pines 

amounts to only about ten percent of the total weight of the trees. 

Bray (ll) found that in four species of trees only about 18% of dry 

matter occurred in the roots. 

Container Modification 

Milk cartons with the bottom intact were used by Shreve (115) in 

1970. Container grown seedlings of Juglands nigra were planted along 

with bare root seedlings. Mortality was high among seedlings planted 

bare root, but survival of container grown seedlings was about 80 per

cent. Considerable research has been completed on the effects of 

container size (18) (31) (45) (72) (133) (134) (135). 

Nine dffferent sizes of paper tubes were tested by the Forestry 

Department of the Luis de Querey School of Agriculture in Brazil (10) •. 
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Tubes of 6 cm diameter and 10 cm high gave the best results. In a study 

at Peshawar, Pakistan, in 1971, seedlings of Acacia arabian, Eucalyptus 

~., Pinu~~., and Cedrus deodara were grown in black polyethylene 

tubes for two years. It was concluded that tubes 5 x 6.3 cm and 15 x 5 

cm were most suitable for broadleaved and coniferous species, respec

tively (41). Scarratt (108) using three diameters of split plastic 

tubes found increasing the tube diameter from 1.5 to 3.2 cm resulted in 

significantly better quality planting stock of white spruce and jack 

pine in a shorter period of time. Growth in the intermediate size (2 

cm) was not significantly better than in the 1 .5 cm tube. 

Reforestation Container Seedlings 

Millions of containerized seedlings for reforestation are being 

produced and outplanted on forest land in the Pacific Northwest and 

Canada. Over 23 million were grown in Oregon and Washington greenhouses 

and nurseries in 1973 and over 35 million in 1974 (107). Containers can 

be placed in three general categories: tubes, blocks and plugs. Tubes 

have an exterior wall and require filling with a growing medium. The 

seedlings remain in the tube for outplanting. Blocks have no outer wall 

and serve as both container and growing medium. The entire seedlings

block unit is planted. Plugs refer to seedlings grown in containers 

which are filled with a medium but the seedling and 11 plug 11 of roots and 

medium are removed for outplanting (5). 

Extensive research in this new areu of reforestation precepitated 

the North !\merican Containeriz(?.d Forest Tree Seedling Symposium in 

Denver, Colorado in August~ 1974. Application of much of the research 

work presented at that symposium is difficult to apply to ornamental 
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nursery seedling production. The goals of each industry are widely 

separated. Among the most pronounced differences include: (1) The 

forestry ·industry approaches container seedling production with a seed

ling factory approach, designed to mass produce millions of small seed

lings of limited species; (2) The economic investment must be much 

smaller in order for reforestation seedling to be a viable economic 

aHernative to the seed bed system. The ornamental nurseryman can 

invest more time and money in producing a larger, faster growing seed-

1 i ng since the economic and production goals are quite different. 

Container Media 

The rate of root growth as well as form and depth are greatly in

fluenced by the rooting medium (62). The characteristics of the ideal 

container medium would probably vary with the species being grown and 

the cultura 1 practices of the nurseryman. In most ornamental nurseries 

a single medium is used for many plants, realizing that watering regimes 

must be adjusted to suit the particular species. When selecting a grow

ing medium, nurserymen must consider: 

1. Availability and cost (72) 

2. Uniformity 

3. Practicality, i.e., will it consistently provide: 

a. support for the plant 

b. resist compaction and provide adequate air spaces 

c. hold sufficient water (53) while providing adequate 

drainage 

d. be free of pests 

e. be low in so1uable salts or other toxic substances 



f. be relatively inert so that interferance with 

nutrition is minimal ( 48). 
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The addition of field soil to the container medium is used by some 

growers to provide a source of micronutrients (48). However, field soil 

in containers is not aerated sufficiently, drainage is poor, undesirable 

pathogens and weeds may be introduced, and control of fertility is 

difficult Hnot ·impossible (32). Soilless media are used by many nur

serymen and almost exclusively by reforestation seedling producers. The 

components vary considerably in different regions as each grower attempts 

to match availability of the medium with species, container system, 

watering practices and fertility system (146). Availability and economy 

also play important roles in selection of media components (72). A 

standard mix developed by the University of California is a l :1 ratio of 

peat and coarse sand and is used by many growers (126). Pine bark is 

often substituted for peat (26) (102) (111) (146) and shale is sometimes 

substituted for sand (48) (77). Research at Oklahoma State University 

has usua·11y been conducted using pine bark, peat and sand in a 2:1:1 

ratio by volume (45) (134) (135). Rice hulls which are readily available 

in some areas are substituted for perlite or vermiculite and as a source 

of micronutrients (24) (25). Montano, et al. (91), used old sawdust and 

peatlite, old sawdust, new sawdust, old sawdust and soil~ and 1:1 

peat:vermiculite as a medium for container grown white fir seedlings. 

They found the old sawdust and peatlite wou1d produce seedlings of equal 

quality to the peat:vermiculite medium. ~Jhile most bark used in con

tainer media is from softwood conifers, hardwood bark is also success

fully used (34) (60) (88). 
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Mycorrhizae 

Virtually all tree species form mycorrhizal associations in the 

field (86). While mycorrhizae are not absolutely necessary for all 

species, growth is stimulated by the presence of rnycorrhizal fungi on 

the root systems (40). There is evidence that soil fumigation of some 

species fail to achieve normal growth due to the eradication of indige

nous mycorrhizae fungi (87) (145). This evidence supports nurserymen 

who do not sterilize soil mix used in containers. Some species show a 

strong growth response to the presence of a specific mycorrhizae. Bryan 

et al. (16), found that sweet gum seedlings grown in plots of soil in-

noculated with Glomus mosseae were 82 percent taller than control seed-

lings which were denied the mycorrhizal association. It was concluded 

that Liguidambar styraciflua is highly dependent on mycorrhizal associa

tion for optimum growth. The fungal symboiant Pisolithus tinctorius 

consistantly improved growth of Pinus !_~eda in several regions of North 

America (86) (87). Pisolithus tinctorius has been isolated from every 

area where Pi~1_aeda are grown from Mexico to Canada according to 

Marx et al. (86) 

The presence of ectomycorrhizae appears to increase tolerance 
of trees to drought, high soil temperature, soil toxins 
(organic and inorganic) and extremes of soil pH caused by 
high levels of sulfur and aluminum. They also deter infec
tion of feeder roots by root pathogens (86, p. 253). 

l~hile little is known about mycorrhizal associations with many 

landscape trees, the numerous potential benefits suggest further study 

to find a method of innoculating container media. 
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Nutrition 

If optimum growth is to be achieved, a continuous and adequate 

supply of all required nutrients must be available to the seedling. The 

media, container, soil volume, type of fertilizers used, all influence 

plant response to fertility (14) (22). Response also varies with 

species. Nutrition may be the limiting factor in achieving optimum 

seedling growth (75). Brix (14) suggested that amending container media 

with fertilizers was not desirable since concentrations of some elements 

would be undesirably high. He was contrasting seed bed fertilizer 

incorporation prior to seeding with small reforestation seedling con-

tainers and must have disregarded controlled release fertility systems 

altogether. 

As previously discussed, soil is undesirable as a rooting mediun1 

in containers because other media have more desirable physical and 

chemical characteristics. A mixture of peat moss and vermiculite is 

most widely used in the Pacific Northwest (14) but ground bark is also 

a component for many growers (26) (73) (90) (94) (102) (1'11) (146). 

Soilless media require the addition of all required plant nutrients. 

Recommendations of various materials to supply these nutrients are 

diverse (132). 

Sfog·I e-superphosphate, dol om"ite, and perk (a mi cronutri ent fertil- 0 
i zer manufactured by Kerr-McGee Chemical Company, Jacksonvi 11 e, Florida) 

provide suitable slow release fertility sources for phosphorous, 

calcium, sulfur~ magnesium and micronutrients (134) (135). Soluble 

liquid fertilizers are widely used (59) (121). Reforestation seedlings 

are often stressed by withholding nutrients especially nitrogen to 

achieve dormancy, bud set, and cold hardiness (120) (121). The use of 
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controlled release fertilizers could eliminate many disadvantages of a 

liquid system: (1) eliminate expensive injection machinery, (2) provide 

a mars uniform supply of nutrients to the plant throughout the growing 

season, (3) reduce the amount of fertilizer required (7), and (4) to 

reduce labor costs (120). Research by Ward (130) concluded that slow 

release nutrient sources produce larger plants of higher quality than 

liquid fertilization at the same rate. Furuta (33) found that when con

tainers were watered with liquid fertilizer at 174 parts per million 

(ppm) nitrate, the runoff water contained 203 ppm nitrates. This value 

exceeds Environmental Protection Agency standards in some areas (7). 

Osmocote (a slow release nitrogen, phosphorus, and potassium source 

manufactured by Sierra Chemical Company, Newark, California) has been 

used extensively in container growing (17) (18) (37) (45) (72) (99) 

(106) (133) (134) (136). 

Osmocote is produced by application of multiple, plastic polymer 

coatings to prills of various water-soluable dry fertilizer materials. 

The rate of nutrient release can be controlled by the use of various 

types and thicknesses of coatings. A moderate selection of fertilizer 

sources can be coated and this presents fl exabil "ity to produce numerous 

controlled release formulations with varied nutrient release patterns, 

nutrient sources, and ratios. Nutrient re1ease is by diffusion of water 

into the particle, dissolving the mineral within and allowing nutrients 

in solution to diffuse outward through the membrane where they become 

avanable for uptake by plants. 

Factors which influence the release rate of osmocote: (1) increas-

ed soil temperature increases the rate of release, (2) intermittent, 

moderate drying of the particle as might occur with surface app1ications 

y 
f \ 



decrease the release rate, and (3) so'il microbial activity, soil pH, 

and external salt concentrations have little or no effect (7}. 
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McGuire and Bunce (82) suggested slow release fertilizers in the 

propagation medium when rooting cuttings, thereby reducing troublesome 

algae. Schulte and Whitcomb (110) incorporated osmocote 18-6-12 into a 

peat and perlite rooting medium and found that root quality and rooting 

percentage of Ilex ~· was increased at 200 and 400 grams per 35.2 

liters of medium. Gouin (38) reported that osmocote 18-6-12 at 14 grams 

per 0.093 square meters produced azaleas of much higher quality than 

control plants without osmocote in the propagation medium. 

Glenn, Hogan, and Whitcomb (36) reported increased root quality of 

Ilex corm~ta 1 Burford 1 using osmocote 18-6-12 in the rooting medium. 

Increased rooting speed of several species by using osmocote 

18-9-13 at 3.6 grams per liter was reported by Self and Pounders (112). 

Johnson and Hamilton (57) used two osmocote formulations (14-14-14 

and 18-6-12) at two rates each and measured rooting and leaf nutrient 

composition of Ligustrum japonicum and Jyniperus conferta. The osmocote 

was top dressed and had little effect on rooting percentage of either 

species. The 14-14-14 formulation which has a faster release rate 

decreased rooting at the higher levels tested. 

Hathaway (47) incorporated osmocote 18-6-12 into the medium and 

germinated Quercus acutissima, Pinus thunbergi, Betula nigra and .Quercus 

shumardi without seedling damage up to 12 kg/m3 of osmocote. Hathaway 

and Whitcomb (46) used three sizes of bottomless containers and five 

levels of osmocote 18-6-12 top dressed on the germinating medium after 

seedling emergence and found the growth of Quercus shumardi to be sig

nificantly increased by the three highest rates of osmocote (4.5 kg/m3, 
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6.5 kg/m3, and 9 kg/m3). The 4.5 kg/m3 rate produced seedlings essen

tially the same size as the unfertilized control seedlings at the end 

of 90 days, but were significantly larger one year later. This suggests 

that the benefits of fertility in the germinating medium influence plant 

growth long after the propagation phase. Maggs (84) found that neither 

the root or shoot continuously limits growth. Both usually operate 

considerably below their maximum efficiency. He suggested nutrition as 

a means of increasing growth. 

Research Species Growth Habit 

Shumard oak seedlings are characterized by hypogenous germination 

(50), monopodial (determinant) shoot growth and a dominant primary root 

with few lateral roots formed during early growth under uncultivated 

conditions (45) (78). 

Japanese black pine germinates epigeously and unlike the oak, both 

cotyledons and primary needles are lost early in the seedling life. 

This requires most nutrients to come from the immediate root environ

ment. Shoot formation normally involves bud formation during the first 

year and extention of the bud into a shoot the second year. Such shoot 

development is termed 11 preformed shoots 11 (63). 

Container-grown pines are normally cultured one to five years 

before outplanting (69). Speeding up this process often involves exten

sive greenhouse controlled environmental equipment (121) (130). 

Considerable difficulty in the production of pine seedlings with 

optimal root structure has also been documented (69) (75) (128). 

The pecan, like oaks, has hypogenous germination and produces a 

very dominant primary root with few lateral roots and no root hairs 
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(148). Research in the past has indicated that a tap root 60 to 120 cm 

long is necessary for successful transplanting and seedling development 

( 54). 

Birch shoots do not expand from terminal buds, but are made up of 

secondary axes. This syrnpodial (indeterminant) type of growth results 

when the shoot tip aborts. Some of the shoots are fully predetermined 

. in the bud and others are not (63). The shoots which are not fully pre

formed in the winter bud are called heterophyllus shoots (63) and pro

duce two sets of leaves: (1) early leaves which are contained in the 

bud and (2) late leaves expand from primordia which continue to form as 

the shoot is elongating. Thus, by the end of the growing season such 

heterophyllus shoots have more leaves than were found in the winter bud. 

This characteristic eliminates a growth 1 imitation imposed by the type 

of bud set and growth flushes inherent with oaks, pines and pecans. 



CHAPTER III 

METHODS AND MATERIALS 

To evaluate the effects of nutrition and root modification during 

propagation, four species were selected with different shoot growth 

patterns, root structure, seed size and type of germination. 

Shumard oak (Quercus shumarc!_i), Buckl. (95), acorns were collected 

from a single parent tree on October 27, 1975, graded to size (79) and 

treated with hot water (49°C) for thirty minutes to kill any weevils 

present and stratified at 3°C until planted April 13, 1976. Polyethylene 

bags were used to hold acorns during stratification (49). Radicals were 

just emerging at planting t'ime which insured uniform emergence of the 

seedlings. 

Japanese black pine (Pi nu_§_ thunbergi), Parl., seed was purchased 

from a commercial source and was tested to determine viability. 

The pine seed was sown April 13, 1976, four to five seeds per 

container and thinned by hand after emerging to insure a complete stand. 

Pecan (~A.!'.'..Y:! iJJinoensis) (\!Jangh.), Koch. (9), var. 11 \~estern 11 nuts 

were stratified 120 days (3°C), soaked 72 hours in water and planted 

April 20 ~ 1976. 

River birch (Betu1a ~) L. (12) seed was collected June 2, 1976 

from a single tree by stripping the strobiles when they were still 

slightly green. Due to exceptionally late seed maturation, the birch 

seed was sown on June 9, 1976. A thin layer of sand was applied over 

21 
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the small seed to aid in moisture retention. It is thought to be 

necessary to shade birch seedlings for two to three months during the 

first.,~ummer (11). However, no shading was provided and germination 

was excellent (epigeous) requiring several thinnings to limit each con

tainer to one seedling. The four test species were grown outside in 

full sun without protection from the elements. 

Containers were 7 x 7 cm square paper milk carton stock which were 

cut to 14 cm tall and held 683 cm3 of growing medium (excluding a 1.5 cm 

space at the top to allow surface application of osmocote). A 2:1:1 

mixture of ground pine bark, peat, and sand with l .3 kg/m3 of single 

superphosphate {0-20-0) constituted the basic growing medium. Combina

tions of various levels of osmocote 18-6-12, perk and dolomite were 

added (Table I). The 4 x 3 x 3 factorial experiment was replicated four 

times and arranged in a randomized complete block design. Treatments 

were prepared by adding the required amounts of the nutrient materia·is 

to 42,475 cm3 cf the basic medium and thoroughly mixing in a small 

cement mixer. Each experimental unit which consisted of four individual 

conta.ir.ers (sub-samples) was then filled by hand with the prescribed 

mixture. A conversion table is provided to simplify specific treatment 

additives (Appendix A). This experimental design was used on each of 

the four species. Each species was located on a separate table con-

structed with a (122 x 245 cm) sheet of expanded metal as the bench top 

(Appendix B). A border row was provided to buffer the experimental 

treatments. These benches in combination with the bottomless, square 

containers allowed the root system to grow downward out of the medium 

and dessicate or Hair-prune." 



TABLE I 

AMOUNTS OF OSMOCOTE 18-6-12, PERK, AND DOLOMITE 
ADDED TO PROPAGATION MEDIUM 

CONSTITUTING TREATMENTS 

Kg/m3 
Level Level Level 

Rates Kg/m3 l 2 3 

Osmocote 0 3.40 6,80 

Perk 0 1.39 2. 77 

Dolomite 0 1.39 2. 77 

.. ,•. 

23 

Level 
4 

10.2 



24 

Species were watered by hand as required to prevent water stress. 

Treatments receiving osmocote had 4.45 kg per meter incorporated when 

mixing the treatments. The two highest levels of osmocote were then top 

dressed by adding three or six grams of osmocote after seedling emer

gence. The highest rates of osmocote were equal to 8.9 and 13.36 kg of 

osmocote per cubic meter, respectively. 

One application of diazinon was necessary in early June to control 

insect larvae feeding on the Japanese black pines. 

Evaluation 

At the termination of the propagation phase, sub-samples of each 

treatment were evaluated in the following manner: 

1. The seedling which was most unlike the other three in a treat~ 

ment sub-sample, 1.e., excessively tall or short, was discarded in order 

to decrease error due to seedling genetic variability (Figure 1). Of 

the three seedlings remaining height, bud breaks (flushes), and caliper 

was measured on August 12, 1976. 

2. One seedling was sacrificed to determine top weight, root 

weight and foliar nutrient analysis of nutrient elements. 

3. One seedling was planted in a container. 

4. One seedling was planted in the field. 

After fresh top weight was recorded for Shumard oaks and Japanese 

black pines, leaves were dried and ground to determine foliar nutrient 

levels. Foliar analysis for total nitrogen was done by the Soil Testing 

Facility of the Department of Agronomy, Oklahoma State University, using 

a Technicon nitrogen analyzer. The remaining tissue was dry ashed a.nd 



----·-----------..------- -~------. 

1 
Cull 

(least representative) 

3 
Measure, 

then assay for 
top wt., root wt., 
and foliar analysis 

8-14-76 

2 
Measure, 

then to field 

4 
Measure, 

then to container 

Figure 1. Disposition of Subsamples Within Each 
Experimental Unit 
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diluted in hydrochloric acid before being read on the atomic absorption 

spectrophotometer for potassium, magnesium, calcium, manganese, iron, 

and z·inc. 

Seedlings planted in containers (11,309 cm3) had a growing medium 

of 2: l : l ground p"ine bark, peat, and sand with the f o 11 owing amendments 

per 0.7646 cubic meter (cubic yard): l .8 kg (4 pounds) each of perk and 

single superphosphate (0-20-0), 3.6 kg (8 pounds) of dolomite and 6.35 

kg (14 pounds) of osmocote 18-5-11 (12 to 14 month formulation). Ronstar 

(oxydiazon) was applied as a 2 percent granular formulation at 9.7 kg/ha 

as a preemergent herbicide. 

The randomized complete block design with four replications was 

maintained in containers and the field. A flow diagram (Figure 2) best 

illustrates the chronology of different species as the research pro

gressed. 

It is important to emphasize that all seedlings in the field and in 

containers were treated alike after the propagation phase. Planting in 

containers and fie.Id was accomplished by placing the seedling while 

still in the propagation container in a hole approximately two times the 

container dfameter. The hole was then partially filled and by grasping 

the top edges of the milk carton and swiftly pun ing the carton upward, 

the container was removed without disturbance or exposure of the root 

system of the seedling. Soil or medium was then added to place the 

surface of the propagation medium just under the surface of the soil 

{field) or medium (container). 



Seed 

Oak 

Pine 

Birch 

Pecan 

Propagation 

planted 4-13-76 
emergence 4-26-76 

sown 4-13-76 
emergence 4-29-76 

sown 6-9-76 
emergence 6-29-76 

sown 4-20-76 
emergence 5-29-76 

Transplanted 

field 8-14-76 

container 8-13-76 

field 9-20-76 

container 9-20-76 

field 8-· 15-76 

container 8-15-76 

field 8-14-76 

container 8-14-76 

Figure 2. Chronological Flow Diagram of Experiment. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Air pruning of the roots by using bottomless containers produced a 

very fibrous root system in all species. Shumard oak and Pecan, which 

normally have a carrot-like seedling primary root, had a multitude of 

small lateral roots. The lateral roots emerged uniformly on the air 

pruned primary root. No spiral or kinking of roots was found on any 

seedling of the species tested during the air pruned seedling stage. 

Reaction cf the primary root apex to desiccation is in agreement with 

studies by Zimmerman and Hitchcock (150). Who observed a rapid growth 

of lateral roots following hormone treatment to the primary root. They 

postulated the existance of apical dominance in roots to account for 

thefr observations. Horsley and Wilson (55) also suggest that there ·1s 

some form of apical control over lateral root initiation and subsequent 

growth activity. Afr pruning of the primary root apparently removed the 

apical dominance. 

Lateral roots were initiated in the pericycle, opposite the 

protoxylem ridges (27) (139). According to Wilcox (138), this is the 

same location where lateral roots arise when young roots are pruned. 

This continuous air pruning of the young primary root does not produce 

roots in the same morphogenic manner characterized by roots pruned after 

secondary tissues have been formed. Pruning a bed of field grown seed-

1 ing at harvest results in removal of secondary root tissues 1;1hich 

28 
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stimulates replacement root production. Replacement roots arise in 

various positions around the circumference of the vascular cylinder and 

are initiated in the vascular cambium that has developed in the callus 

at the cut surface (28). None of the test species in this research 

showed a reduction in shoot growth due to root modification. This is in 

agreement with the root to shoot imbalance theory suggested by Leopold 

(76) which suggests that abrupt removal of roots sets up a root to shoot 

imbalance causing a reduction in shoot growth until roots have grown to 

again balance the plant. The gradual modification of roots in lieu of 

abrupt removal probably accounts for the sustained shoot growth during 

air pruning. 

Foliar analysis showed that some tissue nutrient levels were consis-

tant with findings of other research, however, there is no published data 

on tissue 1evels of container grown tree seedlings using a controlled 

release fertil"ity system during propagation. It is doubtful whether the 

seedlings produced by fertility regimes used in this research can be 

compared or related to seedlings grown with liquid systems in containers 

or beds or measurements from mature trees. 

Shumard Oak 

Osmocote in the germinating medium dramatically increased the 

growth of shumard oak seedlings. Plant height, bud breaks, stem caliper, 

top weight and root weight significantly increased when the rate of 

osmocote was increased from Oto 4,45 kg/m3 (Table II and Figure 3). 

Further increasing the osmocote levels did not significantly increase 

top growth parameters, however, root weight decreased (Table II and 

Figure 4). 



TABLE II 

EFFECTS OF OSMOCOTE LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF SHUMARD QA.KS 

Osmocote1 Height2 Breaks2 Caliper 2 Top Wt. 3 Root Wt. 3 
Level cm cm g g 

0.00 14. 74a l. 94 a 0. 31 a 3.3 a 6A a 

4.45 51 .4 b 3.87 b 0.44 b 12. 1 b 8.3 b 

8.90 51 .8 b 3.85 b 0.45 b 13.2 b 7,5 a 

13. 36 55.6 b 3.95 b 0.45 b 13.4 b 7.3 a 

Probability 
>F 0.0001 0. 0001 0.0001 0,0001 0.05 

1Kilograms of osmocote per cubic meter. 

2values are means of 144 observations. 

3values are means of 36 observations. 

Tot. Wt. 
g 

9.7 a 

20.4 b 

20.7 b 

20.7 b 

0.0001 

4Means in columns followed by the same letter are not significantly 
different at 0.05 using a protected LSD test. 
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Figure 3. Effects of Osmocote on Height of Shumard Oak 120 Days 
After Seeding. 

31 



13.5 

11.5 -

9.5 
0 

-!ii: 
Cl. 
0 
t- 7.5 

5.5 

3.5 

/ 

I 
I 

,,Top Wt. 
I 
I 

"' "' / 

,.,,.-- -
_ .....o 

--

~· ~-~'~~-~~'---~~~-'--~~~__._~~~~ 
0 4.45 8.90 13.36 

kg Osmocote per Cubic Meter 

8.3 

7.9 

7.5 en 

-~ -0 

7.1 ~ 

6.7 

6.3 

Figure 4. Effects of Osmocote on Top Weight and Root Weight of 
Shumard Oaks During Propagation. 
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Percent nitrogen in the leaves increased with the addition of 

osmocote as did potassium, manganese, magnesium, and total grams of 

nitrogen per plant while calcium decreased (Table III). Parts per mil

lion (PPM) of iron was the only foliage nutrient level which was not 

changed by the addition of osmocote. Zinc was highest when no osmocote 

was present and decreased as osmocote level increased. Applied nitrogen 

has been reported as a possible cause of zinc deficiency in citrus trees 

when the supply of zinc is marginal (39). Ozanne (98) suggested that 

an increase in the nitrogen supplied caused more zinc to be retained in 

the roots as a zinc-protein complex. This retention of zinc in roots 

caused a deficiency in foliar zinc levels. He burther noted that this 

nitrogen zinc interaction occurred in experiments when the pH was un

changed. 

Perk increased plant height (Figure 5), bud breaks and stem caliper 

while top weight, root weight and total weight were not affected (Table 

IV). Perk did not influence potassium tissue levels or total grams of 

nitrogen in the plant (Table V). Percent nitrogen significantly 

decreased when perk level changed from 0 to 2.375 kg then increased 

again at the 4.75 kg level was not different from those plants not re

ceiving perk. Iron, manganese and zinc levels all increased when perk 

was added to the medium. Magnesium increased as perk increased from 0 

to 2.375 kg, however, plants not receiving perk contained the same as 

the 4.75 kg level. Calcium was not significantly different at the 0 and 

2.375 kg perk levels but decreased when 4.75 kg of perk was added to the 

medium. 

Dolomite had no effect on plant height, bud breaks, stem caliper, 

root weight and total weight while top weight decreased as dolomite 



TABLE II I 

EFFECTS OF OSMOCOTE LEVEL ON FOLIAR CONCENTRATIONS 
OF ELEMENTS IN SHUMARD OAKS 

Osmocote1 
Level % N % K PPM Fe PPM Mn % Mg PPM Zn 

0.00 1.954 a 0.342 a 110 a 190 b 0.43 b 86 c 

4.45 2.57 be 0.398 b 117 a 110 a 0.38 a 82 be 

8.90 2.45 b 0.390 b 118 a l 02 a 0.37 a 73 ab 

13. 36 2.67 c 0.397 b 114 a 106 a 0.39 a 70 a 

Probability 
>F 0. 000'1 0.0004 0.6 0.0001 0.002 0.0015 

1Kilograms of osmocote per cubic meter. 

2values are means of 36 observations. 

3Grams of nitrogen (dry weight of top and root multiplied by % N). 

% Ca N (g)3 

0.62 b 1.86 a 

0.58 a 5.16 b 

0.55 a 5.02 b 

0.56 a 5.44 b 

0.07 0. 0001 

4Means in the same column followed by the same letter are not significantly different 
at 0.05 using a protected LSD test. 
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Perk 1 
Level 

0.000 

2.375 

4.750 

TABLE IV 

EFFECTS OF PERK LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF SHUMARD OAKS 

Height2 Breaks2 Caliper2 Top Wt. 3 Root Wt. 3 
cm cm g g 

39.354a 3.10 a 0.41 a 10. 33 a 7.85 a 

45.54 b 3.31 ab 0.43 b l 0. 35 a 7.31 a 

45.22 b 3.35 b 0.40 a 10.81 a 6.91 a 

Probability 
>F 0.0006 0.01 0.05 0.05 0 .19 

1Kilograms of perk per cubic meter. 

2values are means of 192 observations. 

3values are means of 48 observations. 

Tot. Wt. 3 
g 

18.13a 

17,66 a 

17.72a 

0.86 

4Means in columns followed by the same letter are not significantly 
different at 0.05 using a protected LSD test. 

36 



Perk 1 
% N2 Level 

0.000 2.464 b 

2.375 2.29 a 

4.750 2.49 b 

Probability 
>F 0.005 

1 Kilograms 

TABLE V 

EFFECTS OF PERK LEVEL ON FOLIAR CONCENTRATIONS 
OF ELEMENTS IN SHUMARD OAKS 

% K2 PPM Fe2 PPM Mn 2 % Mg2 PPM zn2 

0.387 a 108 a 67 a 0.385 a 66 a 

0.388 a 118 b 152 b 0.413 b 81 b 

0. 371 a 118 b 162 b 0.384 a 85 b 

0.29 0.05 0.0001 0.05 0. 0001 

of perk per cubic meter. 

2values are means of 48 observations. 

3Grams of nitrogen (dry weight of top and root multiplied by% N). 

% Ca2 
") 

N {g).:> 

0.62 b 4.58 a 

0.61 b 4. 11 a 

0.51 a 4.42 a 

0.0002 0.22 

4Means in the same column followed by the same letter are not significantly different 
at 0.05 using a protected LSD test. 
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increased (Table VI).· However, highly significant decreases in tissue 

levels of zinc, manganese and potassium accompanied increased amounts 

of dolomite (Table VII). Calcium and magnesium level increased with 

increasing levels of dolomite as might be expected. 

Perk and dolomite interacted significantly on height, percent N 

and top weight, indicating perk may offset the apparent detrimental 

effects of dolomite on the seedlings. Seedling height decreased dra

matically as dolomite level was increased when no perk was present 

(Figure 6). However, at higher rates of perk, increasing dolomite had 

no significant effect on height. A similar interaction shows that per

cent nitrogen increased with an increase in dolomite with no perk. 

However, when perk was present, increased dolomite greatly decreased 

percent nitrogen (Figure 7). 

Seedling top weight increased with increasing perk at the 4.75 kg 

level of dolomite (Figure 8). However, the highest level of perk and 

dolomite did not increase top weight over the level of both nutrient 

sources. These data suggest that the lowest rate (2.375 kg) of dolomite 

is too high for growing shumard oak seedlings. 

Japanese Black Pine 

Increasing osmocote in the growing medium from 0 to 4.45 kg/m3 

produced a striking increase in plant height, bud breaks, stem caliper, 

top weight and root weight (Table VIII). Additional osmocote did not 

significantly increase seedling growth, and the highest rate decreased 

root weight. However, foliar nitrogen concentrations increased in 

direct proportion to increased rates of osmocote (Table IX). Potassium, 

iron, and magnesium increased as osmocote level increased from 0 to 



D , . t l 01om1 e 
Level 

0.000 

2.375 

4.750 

Probability 

TABLE VI 

EFFECTS OF DOLOMITE LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF SHUMARD OAKS 

Height2 Breaks2 Caliper 2 Top Wt. 3 Root Wt. 3 
cm cm .9 g 

45.l84a 3.29 a 0.41 a 11 .46 b 7.20 a 

43.19 a 3.25 a 0.41 a 9.88 a 7.20 a 

41. 75 a 3.22 a 0.42 a 10.17 a 7.66 a 

Tot. Wt. 
g 

18.66 a 

17.08 a 

17 .83 a 

>F 0.12 0. 77 0.57 0.05 0.59 0.32 

1Kilograms of dolomite per cubic meter. 

2Values are means of 192 observations. 

3values are means of 48 observations. 

4Means in columns followed by the same letter are not significantly 
different at 0.05 using a protected LSD test. 
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Dol omite1 
% N2 Leve·1 

0.000 2.494 a 

2.375 2.38 a 

4.750 2.36 a 

Probability 
>F 0. 13 

TABLE VII 

EFFECTS OF DOLOMITE LEVEL ON FOLIAR CONCENTRATIONS 
OF ELEMENTS IN SHUMARD OAKS 

% K2 PPM Fe2 PPM Mn 2 % Mg2 PPM zn2 

0.4"14 b 118 a 140 b 0.315 a 85 b 

0.371 a 114 a 131 ab 0.421 b 75 a 

0.360 a 111 a 109 a 0.446 b 72 a 

0.0002 0. 31 0.009 0.0001 0.003 

1Kilograms of dolomite per cubic meter. 

2values are means of 48 observations. 

3Grams of nitrogen (dry weight of top and root multiplied by % N). 

% Ca 2 N (g)3 

0.53 a 4.69 a 

0.59 ab 4. 14 a 

0.62 b 4.28 a 

0.006 0. 11 

4Means in the same column followed by the same letter are not significantly different at 
0.05 using a protected LSD test. 
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TABLE VI II 

EFFECTS OF OSMOCOTE LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF JAPANESE BLACK PINES 

Osmocote 1 Height2 Breaks2 Caliper2 Top Wt. 3 Root Wt. 
Level cm cm g g 

0.00 4.64a 0.97 a 1 .52 a 1. 7 a 1.5 a 

4.45 15.9 b 4.02 b 5.05 b 13. 6 b 4.8 c 

8.90 15.4 b 4 .19 b 5.22 b 14.9 b 4.3 be 

13. 36 15. 7 b 3.91 b 5 .19 b 14.3 b 3.9 b 

Probability 
>F 0.0001 0.0001 o.ooor 0.0001 0. 0001 

1Kilograms of osmocote per cubic meter. 

2values are means of 144 observations. 

3va1ues are means of 36 observations. 

4Means in columns followed by the same letter are not signifi-
cantly different at 0.05 using a protected LSD test. 
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0 .J.. 1 smoco 1.e 
% N2 Level 

0.00 O. 724 a 

4.45 l.92 b 

8.90 2.40 c 

13. 36 2.70 d 

Probability 
>F 0. 0001 

TABLE IX 

EFFECTS OF OSMOCOTE LEVEL ON FOLIAR CONCENTRATIONS 
OF ELEMENTS IN JAPANESE BLACK PINES 

% K2 PPM Fe2 PPM Mn 2 Of M 2 
/O I g PPM zn2 

0.33 a 48 a 188 a 0.098 a 71 a 

0.63 b 61 b 183 a 0.153 b 80 a 

0.66 b 56 b 184 a 0.163 b 80 a 

0.68 b 59 b 226 b 0.165 b 82 a 

0.0001 0.0001 0. 0001 0.0001 0.58 

1Ki1ograrns of osmocote per cubic meter. 

2values are means of 36 observations. 

3Grams of nitrogen (dry ~.;eight of top and root multiplied by% N). 

% Ca2 N (g)3 

0.08 a 0.22 a 

0. l O a 3.50 b 

0 .13 ab 4.66 c 

0.16 b 4.95 c 

0.007 0.0001 

4Means in the same column followed by the same letter are not significantly different at 
0.05 using a protected LSD test. 
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4.45 kg with no response to higher levels. In contrast, manganese 

levels did not increase above the control except for the highest level 

of osmocote which resulted in a highly significant increase. Calcium 

also increased with increasing osmocote. Total nitrogen increased up 

to the 8.9 kg rate with no further change with additional osmocote. 

Zinc tissue level was not affected by the level of osmocote. 

Perk increased plant height, top weight and root weigf1t but did not 

increase bud breaks or stem caliper (Table X). 

As perk level increased, iron, manganese and zinc increased dramat

ically (Table XI). This was probably due to the increased concentration 

in the growing medium. Perk rate had no effect on percent nitrogen, 

magnesium or calcium. However, potassium decreased when perk was added 

to the growing medium, thus suggesting a competitive ion effect. 

Dolomite decreased plant height and top weight slightly but had no 

effect on bud breaks, stem caliper or root weight (Table XII). These 

data show that the levels of dolomite used were detrimental to Japanese 

black pine seedlings during propagation. 

Adding dolomite to the growing medium decreased foliar nitrogen 

and manganese levels and increased calcium and magnesium (Table XIII). 

Since the dolomite used in this study contained fourteen percent mag-

nesi um and b-;enty-one percent cal ciurn, such an increase was expected. 

Zinc increased as dolomite increased from 0 to 2.375 kg/m3 or higher 

(Table XIII). This may be due to a more favorable balance of nutrients 

at this level of dolomite. Iron concentration remained essentially the 

same, independent of dolomite levels. This may be due to a calcium, 

phosphorus and iron interaction. Brown, et al. (15) showed that cal-

cium and phosphorus supplied to one part of a root system prevented 



TABLE X 

EFFECTS OF PERK LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF JAPANESE BLACK PINES 

Perk 1 Height2 Breaks2 Caliper2 
Level cm cm 

0.000 12. 1 a 3.25 a 4.04 a 

2.375 13. 1 b 3.23 a 4.33 a 

4.750 13.6 b 3.35 a 4.37 a 

Probability 
>F 0.0005 0.76 0 .17 

1Kilograms of perk per cubic meter. 

2values are means of 192 observations. 

3values are means of 48 observations. 

Top Wt. 3 
g 

10.0 a 

11.6 b 

11.8 b 

0.02 

Root Wt. 3 
g 

3. 18 a 

3.85 b 

3.83 b 

0.006 

4Means in columns followed by the same letter are not signif
icantly different at 0.05 using a protected LSD test. 
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TABLE XI 

EFFECTS OF PERK LEVEL ON FOLIAR CONCENTRATIONS 
OF ELEMENTS IN JAPANESE BLACK PINES 

Perk 1 
% N2 " 

PPM Fe2 PPM Mn 2 % Mg2 Level % Ki:: 

0.000 l . 91 3 a 0.75 b 52 a 146 a 0 .15 a 

2.375 l.93 a 0.64 a 59 ab 219 b 0.17 a 

4.750 1.98 a 0.65 a 62 b 250 c 0. 17 a 

Probability 
>F 0.68 0.0002 0. 01 0.05 0.27 

1 Kilograms of perk per cubic meter. 

2values are means of 48 observations. 

PPM zn2 % Ca2 

68 a 0. 14 a 

84 b 0. 15 a 

92 c 0 .14 a 

0.05 0.70 

3Means in the same column followed by the same letter are not significantly 
different at 0.05 using a protected LSD test. 



TABLE XII 

EFFECTS OF DOLOMITE LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT OF 

JAPANESE BLACK PINES 

Dolomite1 Height2 Breaks2 Caliper2 Top Wt. 3 Root Wt. 3 
Level cm 

0.000 13.64b 

2.375 12. 9 a 

4.750 12. 2 a 

Probabi 1 i ty 
>F 0.0005 

3.25 a 

3.37 a 

3.21 a 

0.64 

cm 

4.35 a 

4.25 a 

4.14 a 

0.51 

1Kilograms of dolomite per cubic meter. 

2values are means of 192 observations. 

3va1ues are means of 48 observations .. 

g g 

12.52 b 3.75 a 

10.97 ab 3.60 a 

9.93 a 3.52 a 

0.002 0. 61 

4Means in columns followed by the same letter are not signifi
cantly different at 0.05 using a protected LSD test. 
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Dolomite 1 
Level 

0.000 

2.375 

4.750 

Probability 
>F 

TABLE XII I 

EFFECTS OF DOLOMITE LEVEL ON FOLIAR CONCENTRATIONS 
ELEMENTS IN JAPANESE BLACK PINES 

% N2 " % KL PPM Fe2 PPM Mn2 % Ml 
2.053 b 0.56 a 57 a 289 c 0. 13 a 

1. 90 a 0.68 b 56 a 192 b 0 .17 b 

1.86 a 0. 77 c 61 a 134 a 0 .19 c 

0.04 0. 0001 0.10 0.0001 0.0001 

1Kilograms of dolomite per cubic meter. 

2vaiues are means of 48 observations. 

PPM zn2 % ca2 

66 a 0.11 a 

93 b 0.15 ab 

87 b 0.17 b 

0.0001 0.008 

3Means in the same column followed by the same letter are not significantly 
different at 0.05 using a protected LSD test. 

U'l 
0 



51 

another part contacting the sole source of iron in soil from translocat

ing iron to the leaves. The calcium and phosphorus, translocated into 

the roots that were exposed to iron, blocked either iron absorption or 

translocation. The decrease in manganese may have masked the effects 

of dolomite on iron, i.e. the ·increasing dolomite changed the iron

manganese 1 evel s, influencing iron concentrati ans in the 1 eaves. Knezek 

and Greinert (61) applied FeEDTA and decreased the manganese uptake in 

navy beans as the iron:manganese ratio was increased. 

As the dolomite was increased, potassium concentration in the 

foliage increased (Figure 9). Other research has produced similar re

sults (19) (97). Kahn and Hanson (58) found an accumulation of potassium 

promoted by increased calcium and to a lesser extent, magnesium. This 

effect of calcium on potassium occurred with corn and was reversed with 

soybeans, i.e., calcium inhibited potassium uptake. Viets (127) sug

gested that by increasing the Ca:K ratio the potassium concentration 

increased. He further conc'luded that a variety of polyvalent cations 

accelerate potassium and bromine absorption, calcium be·ing the most ef

fective for barley roots. Shear, et al. (113) found a definite rela

tionship between the accumulation of calcium, magnesium and potassium, 

in the leaves and the accumulation of manganese, zinc, copper, and iron 

in tung trees. The increasing levels of calcium, magnesium and potas

sium produced a manganese deficiency in the tung trees. Although 

manganese was also decreased in the Japanese black pines by increasing 

dolomite, tissue concentrations remained well above what is thought to 

be a deficiency level. 

There was also a strong interaction between perk and dolomite on 

the foliar concentration of iron (Figure 10). The increase in iron at 
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the 4.75 kg level of perk when dolomite was absent suggests that inade

quate iron was provided at the 2.375 kg level of perk unless dolomite 

is present. 

Pecan 

Increas"ing osmocote from 0 to 4.45 kg/m3 signUicantly increased 

plant height, bud breaks, stem caliper, top weight, and root weight of 

pe ans (Table XIV). Further increase in osmocote level was not benefi

cial at the time data was recorded and the seedlings were transplanted. 

Whfle osmocote at 4.45 kg/m3 did not further increase top weight, height 

or bud breaks (Figure 11) there was a strong interacti.on between 

osmocote and dolomite on root weight (Figure 12). The 2.375 kg level 

of dolomite was superior at the 8.90 kg of osmocote rate, but was decid

edly inferior at 13.36 kg of osmocote. The highest level of dolomite 

(4.75 kg/m3) was inferior at 0, 4.45 and 8.90 kg of osmocote but in-

creased root weight dramatically when osmocote was increased to 13.36 

kg. This indicates that for each level of osmocote a different level of 

dolomite is critical for maximum root growth. 

The interaction between perk and osmocote was significant with 

regard to stem caliper (Figure 13). Perk at 2.375 kg/m3 was superior 

to 4.75 kg/m3 when 4.45 kg/m3 of osmocote was used. However, the 2.375 

kg/m3 perk rate was not significantly better than no perk when osmocote 

was at the 8.90 and 13.36 kg/m3 levels. Since the increase in caliper 

to just over 0.5 cm would allow early budding this may be a good example 

of a mean exceeding the arbitrary 0.05 probability level and still 

deserving consideration. 



Osmocote1 
Level 

0.00 

4.45 

8.90 

13. 36 

Probability 
>F 

TABLE XIV 

EFFECTS OF OSMOCOTE LEVEL ON HEIGHT, BREAKS, 
CALIPER, TOP WEIGHT, ROOT WEIGHT, AND 

TOTAL WEIGHT OF PECANS 

Height2 Breaks2 Caliper2 Top Wt. 3 
cm cm g 

24.84a l .89 a 3.79 a 4.80 a 

33.0 b 2.67 b 4.60 b 8.55 b 

31.7 b 2.53 b 4.52 b 9. 13 b 

34.0 b 2.69 b 4.54 b 9.33 b 

0.0001 0.0001 0. 0001 0.0001 

1Kilograrns of osmocote per cubic meter. 

2values are means of 144 observations. 

3values are means of 36 observations. 

Root Wt. 3 
g 

7.86 a 

9.16 b 

9.58 b 

9.30 b 

0.003 

4Means in columns followed by the same letter are not signifi-
cantly different at 0.05 using a protected LSD test. 
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River Birch 

The addition of osmocote to the growing medium of the germinating 

River birch proved to be vital to seedling survival. Treatments which 

had no osmocote grew very slowly after germination and mortality was 

ne;ir 100% three weeks after seedling emergence. A striking contrast. 

was provided by those treatments which had 4.45 kg of osmocote in the 

medium (Tab1e XV). Plant height, bud breaks, stem caliper, top weight, 

and root weight increased dramatically due to osmocote. These seedlings 

grew at such an accelerated rate that transplanting was necessary prior 

to the planned addition of the top dressed osmocote which would have 

constituted osmocote rates 8.9 and 13.36 kg/m3. Therefore, the birch 

experimental design became a 2 x 3 x 3 factorial arrangement of treat

ments instead of a 4 x 3 x 3. Since the design was already implemented 

no additional degrees of freedom could be utilized, however, the sub-

sample precision for this species doubled and since the osmocote levels 

were then none and 4.45 kg/m3, the river birch seedlings became primari

ly a perk and dolomite nutritional study. 

Perk did not increase seedling height or root weight, but as perk 

increased from 0 to 2.375 kg/m3 bud breaks and stem caliper increased 

then decreased with further increase in perk (Table XVI). Top weight 

was not affected by perk at the 2.375 kg/m3 level but was decreased at 

the 4.45 kg/m3 rate. 

As dolomite increased, plant height, bud breaks, stem caliper, top 

weight, and root weight were less than when no dolomite was added (Table 

XVII). This suggests that if do'lomite is necessary in the germinating 

medium for this species, the optimum level is less than 2.375 kg/m3• 



Osmocote1 
Level 

0.002 

4.453 

Probability 
>F 

TABLE XV 

EFFECTS OF OSMOCOTE LEVEL ON HEIGHT, BREAKS, 
CALIPER, TOP WEIGHT, ROOT WEIGHT, AND 

TOTAL WEIGHT OF RIVER BIRCH 

He·ight Breaks Caliper Top Wt. 
cm cm g 

5.84a 1. 09 a 1 .57 a 0. 13 a 

34.1 b 6.41 b 2.53 b 4.50 b 

0.0001 0.0001 0.0001 0.0001 

1Kilograms of osmocote per cubic meter. 

2Values are means of 144 observations. 

3values are means of 432 observations. 

4Means in columns followed by the same letter are 
cantly different at 0.05 using a protected LSD test. 
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Root Wt. 
g 

0.13 a 

2.46 b 

0.0001 

not sign'ifi-



TABLE XVI 

EFFECTS OF PERK LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF RIVER BIRCH 

Perk 1 
Level 

Height2 
cm 

Breaks2 Caliper2 Top Wt. 3 Root Wt. 3 

0.000 

2.375 

4.750 

27.9 a 

26.6 a 

4.75 a 

5.85 b 

4.64 a 

cm 

l .99 a 

2.19 b 

l .94 a 

Probability 
>F 0.50 0.01 0.04 

1Kilograms of perk per cubic meter. 

2Values are means of 192 observations. 

3values are means of 48 observations. 

g g 

3.45 b 2.06 a 

3.79 b l .89 a 

2.89 a 1. 68 a 

0.006 0.08 

4Means 'in columns fol10\'1ed by the same letter are not signif
icantly different at 0.05 using a protected LSD test. 
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Tf\BLE XVII 

EFFECTS OF DOLOMITE LEVEL ON HEIGHT, BREAKS, CALIPER, 
TOP WEIGHT, ROOT WEIGHT, AND TOTAL WEIGHT 

OF RIVER BIRCH 

Do1omite1 Height2 Breaks 2 Caliper2 Top Wt. 3 Root Wt. 3 
Level cm 

0.000 30.174b 

2.375 26.25 a 

4.750 24.57 a 

Probability 
>F 0,001 

6.48 b 

4.54 a 

4.22 a 

0.0001 

cm 

2.37 b 

l. 94 a 

l .82 a 

0 .0001 

1Kilograrns of dolomite per cubic meter. 

2vaiues are means of 192 observations. 

3values are means of 48 observations. 

g g 

4.10 b 2.10 b 

3.14 a l. 79 a 

2.97 a l. 75 a 

0.0005 0.05 

4Means in co 1 umns fo 11 owed by the same letter are not s i gni fi
cantly different at 0.05 using a protected LSD test. 
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A perk and dolomite interaction on bud breaks show the detrimental 

effect of dolomite (Figure 14). When perk was not added, the decrease 

in bud breaks was linear with increasing dolomite. The addition of 

perk lessened the detrimental effects of dolomite but did not increase 

bud breaks above those seedlings which were grown without either perk 

or do 1 omite. 

An ·interaction of osmocote and dolomite shows the tremendous effect 

of osmocote on bud breaks and the reduced response as dolomite levels 

increased (Figure 15). The interaction of perk and osmocote on caliper 

indicates that at the 4.45 kg level of osmocote 2.375 kg of perk was the 

preferred rate (Figure 16). 

Top weight was also significantly influenced by a perk, dolomite 

interaction (Figure 17). The greatest top weight occurred when no 

dolomite was added regardless of the level of perk. However, when 

dolomite was p~esent at the 4.75 kg/m3 rate there appeared to be a 
".I 

favorable balance with the 2.375 kg/m~ rate of perk. This coincides 

with studies using asexually propagated nursery crops. 

Post Propagation Performance 

Container 

Seedlings transplanted into large containers remained on the con-

tainer production bed and were subjected to an unusually adverse winter. 

Prolonged freezing temperatures resulted in desiccation and injury of 

some plants. Pines, oaks and pecans showed a higher mortality than 

river birch which suffered moderate shoot dieback. Dieback of shoots 

in all species was related to a north-south gradient, therefore no 

further data was taken. However, some observations appear relevant to 
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the study. Survival of seedlings suggested a strong relationship to 

fertility levels during propagation. Plants with higher fertility 

levels generally survived the winter while most seedlings which had not 

received osmocote during propagation did not. River birch had a much 

higher survival rate than the other species, but all river birch trans

planted had 4.45 kg/m3 of osmocote during propagation. One treatment, 

consisting of 2.375 kg/m3 of Perk, 4.75 kg/m3 of dolomite and 4.45 kg/m3 

of osmocote, gave 100% survival of Japanese black pines. Inspection of 

roots revealed that surviving seedlings had all rapidly regenerated 

extensive root system. Dead seedlings could be removed from the con

tainer easily, revealing the root system created during propagation had 

_not proliferated. The low RRP (Root Regeneration Potential) appears to 

be correlated to low fertility during propagation. 

Field 

Seedlings transplanted into the field showed excellent survival 5 

regardless of propagation treatment. However, subsequent growth was 

significantly influenced by nutrition treatments during propagation. 

Levels of osmocote above 4.45 kg/m3 did not produce a significant dif-

ference ir1 plant height during propagation of Shumard oak. However, 
3 one year later, the 13.36 kg/m rate of osmocote yielded a significantly 

taller tree than the 8.9 or 4.45 kg/m3 rate (Table XVIII). Seedlings 

receiving no osmocote during propagation increased in height dramatical

ly during the year following transplanting but were still significantly 

smaller than those seedlings grown with osmocote present during the 

first 90 days. Caliper at the end of the propagation phase and caliper 

measured one year later followed a similar pattern. These data show 



TABLE XVI II 

EFFECTS OF OSMOCOTE DURING PROPAGATION ON HEIGHT 
AND CALIPER INCREASE OF SHUMARD OAKS 

ONE YEAR AFTER TRANSPLANTING 
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Osmocote Level 1 
HT2 

'.) % 
HTINC4 Caliper5 YRCALP 6 

Root:Shoot 
During Propagation YRHT,) 

0.00 15 a8 55 a 304 a 0.13 a 1.2 a 

4.45 5·1 b 67 b 35 b 0.44 b l. 7 b 

8.90 52 b 72 b 43 b 0.46 b 1.8 be 

13.36 55 b 85 c 57 b 0.46 b 2.0 c 

Probability 
>F 0.0001 0.05 0.0001 0.0001 0.0001 

1Kg of Osmocote per cubic meter. 

2Height in centimeters when transplanted. 

3Height in centimeters one year after transplanting. 

4Percent increase in height one year after transplanting. 

5caliper in centimeters when transplanted. 

6caliper one year after transplanting. 

7Root Weight/top weight when transplanted. 

Ratia7 

l .89 a 

0. 71 b 

0.61 ab 

0.56 a 

0.0001 

8Means in the same column followed by the same letter are not signifi
cantly different at 0.05 using a protected LSD test. 
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that the absence of osmocote created an internal deficiency which could 

not be overcome by nutrients available in the field and justifies amend

ing the propagation medium with 13.36 kg/rn3 of osmocote. 

The root to shoot ratio decreased dramatically with increasing 

osrnocote during propagation (Table XVIII). Numerous theories suggest 

that a high root to shoot ratio is essential for survival and further 

growth (104) (109) (121) (128). However, these data suggest a re-

evaluation of this theory. 

Height and caliper of Shumard oaks during propagation increased as 

perk levels increased from 0 to 2.375 kg/m3 (Table IXX). Height and 

caliper one year later continue to show 2.375 kg/m3 to be the most 

desirable. However, percent height increase one year after transplant-

ing showed no differences due to perk levels (Table IXX). In addition, 

there was no change in the root to shoot ratio between 0 and 2.375 kg/m3 

of perk but 4.75 kg/m3 decreased the ratio significantly. Stem caliper 

of Shumard oaks one year after transplanting was significantly smaller 

when the seedlings were grown with dolomite in the propagation medium 

(Figure 18). 

Japanese black pines showed a dramatic increase in height due to 

osmocote in the propagation medium and continued to respond to the 

favorable treatments one year after field planting (Table XX). Although 

after one year there was a 200 percent increase in height of seedlings 

propagated without osmocote, all osmocote treatments which were much 

larger when planted were also over 130 percent taller one year after 

transplanting and over twice as tall. The root to shoot ratio, contrary 

to popular opinion was not related to survival and growth. The influ

ence of perk one year after transplanting in the field was still 



TABLE XIX 

EFFECTS OF PERK ON HEIGHT AND CALIPER INCREASE OF 
SHUMARD OAKS ONE YEAR AFTER TRANSPLANTING 
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Perk Level 1 
HT2 YRHT3 

% 
HTINC4 Ca1iper5 YRCALP6 

Root:Shoot 
During Propagation 

0.000 39 a 8 60 a 117 a 0.42 a 1.4 a 

2.735 45 b 78 b 122 a 0.43 b l.9 b 

4.750 45 b 71 b 90 a 0.40 a i.8 b 

Probability 
>F 0.0006 0.005 0.12 0.05 0.0001 

1Kg of Perk per cubic meter. 

2Height in centimeters when transplanted. 

3Height in centimeters one year after transplanting. 

4Percent increase in height one year after transplanting. 

5caliper in centimeters when transplanting. 

6caliper one year after transplanting. 

7Root weight/top weight when transplanted. 

Ratio? 

0.98 b 

0.98 b 

0.86 a 

0.03 

8Means in the same column followed by the same letter are not signifi
cantly different at 0.05 using a protected LSD test. 
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Figure 18. Effects of Dolomite Levels During Propagation on 
Stem Caliper One Year After Transplanting. 
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TABLE XX 

EFFECTS OF OSMOCOTE DURING PROPAGATION ON HEIGHT OF 
JAPANESE BLACK PINE ONE YEAR AFTER TRANSPLANTING 

Osmocote Level 1 
During Propagation 

0.00 

4.45 

8.90 

13. 36 

Probability 
>F 

HT2 YRHT3 

4.6 a 6 13.4 a 

15.9 b 38.5 b 

15.4 b 37.5 b 

15.6 b 36.7 b 

0.0001 0.0001 

1Kg of osmocote per cubic meter. 

% 
HTINC4 

201 b 

145 a 

144 a 

131 a 

0.0003 

2Height in centimeters when transplanted. 

Root:Shoot 
Ratio5 

0.98 b 

0.37 a 

0.29 a 

O.OOOi 

3Height in centimeters one year after transplanting. 

4Percent increase in height one year after transplanting. 

5Root weight/top weight when transplanted. 

6Means in the same column followed by the same letter are not 
significantly different at 0.05 using a protected LSO test. 
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apparent on height and percent increase in height (Table XXI). Dolomite 

continued to be detrimental to Japanese black pine height one year after 

transplanting (Table XXII). The inability of a seedling to overcome the 

incluence of poor nutrition during the early stages of growth can not be 

over emphasized. Many nurserymen feel they can 11 save 11 stunted seedlings 

by providing a more desirable, nutritional environment following trans-

planting. This idea is challenged by these data. 

As a comparative demonstration, 50 two-year-old bed grown Japanese 

black pine seedlings were obtained from a large commercial grower. The 

average three month old container grown pine was slightly larger than 

the two-year-old bed grown seedlings. However, one year after trans

planting into identical fertility regimes the differences in growth was 

dramatic (Figure 19). Similar differences were observed in the field. 

Loss of roots during harvest and poor fertility practices probably con

tributed to the stunted growth. 

During propagation, all pecans were significantly taller when 

osmocote was present with no difference between osmocote levels. One 

year later, however, a pronounced increase in height at the 8.9 and 

13.36 kg/m3 levels of osmocote compared to the 4.45 kg/m3 shows a benefit 

not detectable at time of transplanting (Figure 20). 

These data show that a pecan seedling with only a 12 cm 11 air pruned 11 

tap root grown under desirable nutritional conditions can be success-

fully transplanted and will continue to grow. No literature was found 

to indicate that a pecan seedling with such a short root system could 

be transplanted. In this study, when 144 seedlings were transplanted 

to containers~ survival was 100 percent. A more dramatic example was 

when 144 seedlings were transplanted into a field during August 



TABLE XXI 

EFFECTS OF PERK DURING PROPAGATION ON HEIGHT OF 
JAPANESE BLACK PINE ONE YEAR 

AFTER TRANSPLANTING 

Perk Level 1 
HT2 YRIH3 

% 
During Propagation HTINC4. 

0.000 12.1 a6 25.5 a 114 a 

2.375 13. 0 b 34.4 b 180 b 

4.750 13. 6 b 34.8 b 172 b 

Probability 
>F 0.0001 0.0001 0.0001 

1Kg of perk per cubic meter. 

2Height in centimeters when transplanted. 

Root:Shoot 
Ratio5 

0.48 a 

0.47 a 

0.50 a 

0. 77 

'l 

~Height in centimeters one year after transplanting. 

4Percent increase in height one year after transplanting. 

5Root weight/top weight when transplanted. 

6Means in the same column fa 11 owed by the same 1 etter a re not 
significantly different at 0.05 using a protected LSD test. 
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TABLE XXII 

EFFECTS OF DOLOMITE DURING PROPAGATION ON HEIGHT OF 
JAPANESE BLACK PINE ONE YEAR AFTER TRANSPLANTING 

Dolomite Level , 
During Propagation' 

0.000 

2.375 

4.750 

Probabi 1 ity 
>F 

HT2 YRHT3 

13. 6 b 33.8 b 

12.9 a 31.8 b 

12.2 a 29.0 a 

0.0005 0.001 

1Kg of dolomite per cubic meter. 

% 
HTINC4 

162 a 

155 a 

151 a 

0.70 

2Height in centimeters when transplanted. 

Root:Shoot 
Ratio5 

0.46 a 

0.47 a 

0.53 a 

0.35 

3Height in centimeters one year after transplanted. 

4Percent increase in height one year after transplanting. 

5Root weight/top weight when transplanted. 
c. 
l.JMeans in the same column fol '1 owed by the same 1 etter are not 

significantly different at 0.05 using a protected LSD test. 
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Figure 19. A Liner Which Uas Bed Grown Two Years, 
Then Planted in the Container One Year; 
Tnree Years Old From Seed (Left) and a 
Pine Propagated and Grown With the Air 
Pruning and a Good Nutritional System 
for Three Months, Then Planted in 
Container One Y€ar (Right). 
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(39°C/102°F, full sun). Two months later all seedlings were alive and 

those treatments receiving adequate nutrition during propagation con

tinued to flush and grow. This may be one of the most significant find

ings of this research. Other researchers state that a 75 to 102 cm tap 

root is essential for pecan seedling transplant survival and further 

growth (76) (54) (147). The lack of a container system which would 

create a fiberous mass of roots without malformed growth and low levels 

of nutrition used in the past have no doubt contributed to this miscon

ception. However, what makes the short 11 air pruned" tap root successful 

is the excellent root regeneration potential which the seedling carries 

to the transplant site. 

When excavated one year later, numerous large replacement roots 

were present near the air pruned root apex which apparently established 

the seedling very rapidly. 

The higher nutrient levels utilized in this research may have pro

duced a higher concentration of carbohydrates in the root or available 

to the roots thus eliminating the requirement for a much longer tap 

root. 

Since no roots are lost during harvest using this system, no prun

ing of the top was required and root growth was not impaired. This too 

must have influenced the rapid regeneration of roots and continued 

growth in the field. 

River birch seedlings which were transplanted into the field did 

not show a significant response to perk levels. Dolomite continued to 

be detrimental to height growth one year after transplanting (Figure 

21). 
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Figure 21. Effects of Dolomite Level During Propagation 
on Height of River Birch One Year After 
Transplanting into the Field. 

80 



81 

Root to shoot ratios for all test species were not correlated to 

height when transplanted or height one year after transplanting (Table 

XXII I). 

There was also no correlation between root to shoot ratio and 

caliper when transplanted or caliper one year after transplanting with 

Shumard oaks. This again suggests that a high root to shoot ratio may 

not only be a poor criterium to determine survivability and fUture 

growth, but may actually be detrimental under some nutritional regimes. 
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TABLE XXII I 

CORRELATION OF ROOT:SHOOT RATIO AT TIME OF TRANSPLANTING AND 
HEIGHT, HEIT ONE YEAR LATER, CALIPER, AND CALIPER 

YEAR LATER OF SHUMAR OAK, JAPANESE BLACK PINE 
PECAN AND RIVER BIRCH 

Oak Pine Pecan Birch 
Root:Shoot Root:Shoot Root:Shoot Root:Shoot 

Ratio Ratio Ratio Ratio 

Height when 
transplanted -0.8391 -0.7892 -0.3525 -0.4552 

Prob. <IR! under 
H0 :RHO = 0 0. 0001 0.0001 0.0001 0.0001 

Height one year 
after transplanted -0.3624 -0. 6601 -0.2388 -0.1214 

Prob. <IRI under 
H ·RHO = 0 o· 0.0001 0.0001 0.042 0.2000 

Caliper when 
transplanted -0.5756 

Prob. <JRI under 
H ·RHO = 0 o· 0.0001 

Caliper one year 
after transplanted -0 .4722 

Prob. <IRI under 
H0 :RHO = 0 0.0001 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The objective of this research was to evaluate the effects of nutri

tion and root modification on tree seedlings. Four species: Shumard 

oak, Japanese black pine, Pecan and River birch were evaluated after the 

propagation phase and one year after transplanting. Over 2,000 seedlings 

were grown and over 6,000 measurements recorded. 

Nutrition during propagation significantly influenced growth of all 

species. Seedlings grown under less desirable nutritional regimes con

tinued to be inferior to better treatments one year later. A balanced 

sl mv rel ease fertility system combined with the fibrous root system 

produced by "air pnming 11 the primary seedling root produced seedlings 

which were larger in three months than two-year-old seedlings grown in 

conventional ground beds. Root regeneration after transplanting was 

very high, resulting in continued growth without transplant shock. 

Dominant tap rooted species such as pecan and oak transplanted with 

ease and grew well when transplanted with only a 12 cm tap root. 

Root to shoot ratios were not correlated to plant height survival$ 

or further growth in the field. 

No malformed roots which are often encountered using conventional 

containers were observed on any species tested. 

This system for producing tree seedlings was found to be infinitely 

superior to the production methods currently in use. 
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TABLE XXIV 

CONVERSION CHART FOR LEVELS Of NUTRIENTS 

Osmocote g/container 
18-6-12 (683 cm3) 
Rates (41.5 in3) lb/yd kg/m g/ft 1 g/N/ A/yr kg/N/ha/yr 

-----
l a 0.0 0.0 0 0 0 

,.. 
3 7.5 3.4 126.0 1000 1121 L 

3 6 15.0 6.8 252.0 2000 2242 

4 9 22.5 10.2 378.0 3000 3363 

Perk 
Rates 

'I 0 0 0.0 0.0 

2 1.6 4 1.39 67.2 

< 3.2 8 2. 77 134.4 .., 

Dolomite 
Rates ---·-

l 0 0 0.0 0.0 

2 1.6 4 1. 39 67.2 

3 3.2 8 2. 77 134.4 
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Figure 22. Arrangement of Species and Replications 
on Expanded Metal Benches. 
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