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ABSTRACT 

13 

A greenhouse experiment was conducted over a ninety day period to 

test the effect of different nitrogen fertilizer regimes and several 

application rates of compounds with gibberellin and cytokinin activity 

(GA4/7 and BA, respectively) on the growth and development of Pinus brutia 

var. eldarica. Nitrogen produced no significant effects and this was 

attributed to its abundance in the potting medium, to begin with. All 

levels of growth regulators used showed a highly significant effect on 

vegetative development. A reduction in root collar diameter, shoot 

elongation, needle nitrogen content and oven-dry weight, was observed, 

especially when the medium and high hormonal rates were used. 

Phytotoxicity increased with the increase in concentration of both 

chemicals. Ba induced a proliferation of adventitious buds along the stem 

of saplings, but this was accompanied with rapid new top growth and 

branching at the top only when BA was applied in conjunction with GA4/7. 
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INTRODUCTION 

Deforestation is certainly one of the greater threats facing 

planet earth, nowadays. With the rapid dwindling of forested areas all 

over the world and desert encroachment on fragile environments, foresters 

and si 1viculturists have come to realize the desperate need for better, 

more efficient reforestation and afforestation methods. Genetics and tree 

breeding are one approach to solving the problem, for the production of 

superior genotypes capable of surviving in harsh environments is surely 

an advancement. Another strategy is developing techniques that will 

improve the growth of forest seedlings, both at the nursery and after they 

have been transplanted into the field, enabling them to better survive 

pest outbreaks, compete with undesirable vegetation and grow into a 

healthy and productive forest community. The application of chemical 

fertilizers and plant growth regulators is part of the latter approach. 

Kramer and Kozlowski (1979) reported that forest fertilizationis 

on the rise and that, although trees do benefit from phosphorous and 

micronutrient applications, nitrogen fertilization is by far the most 

beneficial to forest trees. Their emphasis on nitrogen nutrition in 

woody plants was clearly stated: "From the seedling stage to mature trees, 

nitrogen is required for growth and nitrogen deficiency is, after water 

stress, the most common limitation on growth. The largest amount of 

nitrogen is required for the production of proteins used in the formation 

of protoplasm for new cells. Another important use is in the formation 

of chlorophyll...One of the most common symptoms of nitrogen deficiency 
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is the pale or mottled green color of leaves resulting from inadequate 

synthesis of chlorophyll. Lack of chlorophyll reduces photosynthesis and 

thus indirectly reduces growth." 

Nitrogen metabolism and nutrition is but one part of the complex 

physiology of woody plants. Another great influence on plant development 

and behavior is the action of several hormones (sometimes referred to as 

plant growth regulators), an action which was documented by Bidwell 

(1974). A more detailed account of the action of hormones in the 

different growth, differentiation and senescence processes of plants was 

given by Thimann (1977). 

Hormones and growth substances are varied and numerous. Two groups 

are of particular interest: gibberellins and cytokinins. Gibberellins 

were discovered accidentally in 1926 by Kurosawa, who was investigating 

the "rice foolish disease." This disease, caused by the fungus Gibberella 

fu.iikuroi. induced abnormal elongation of rice seedlings. Substances 

released by the fungus into a nutrient medium were able to produce the 

same symptoms on healthy rice plants, although the medium had been 

sterilized prior to contact with the plant. However, the first 

gibberellins were not isolated until 1938. Cytokinins also were 

discovered accidentally during early attempts at tissue culture around the 

middle of the century. Researchers found that certain extracts (yeast, 

coconut, etc.) were influential in promoting growth and bud initiation of 

some plant tissues. Subsequent studies led to the identification of a 

purine that was later called kinetin (Thimann, 1972). 
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For a while, research on plant growth regulators, both endogenous 

and exogenous, was limited to herbaceous plants. Some researchers even 

questioned the endogenous existence of certain hormones in some tree 

species, particularly in conifers (Westing, 1959). Nowadays, however, the 

scientific literature abounds with evidence about the inportant roles that 

growth regulators, both endogenous and exogenous, play in forest species 

including members of the Coniferae (Ross et al, 1983). 

A review of literature by Pharis and Kuo (1977) concerning the 

physiology of gibberellins in conifers ascertained the many roles that 

gibberellic acids (GAs) have on members of the Coniferae, both as 

endogenous hormones and in exogenous applications. They stated that: "GAs 

are known to affect the germination, shoot elongation, form, cambial 

growth and differentiation, apical dominance, and sexual differentiation 

and development processes of many coniferous species." They listed the 

names of 17 conifers (including 13 members of the Pinaceae), where 

exogenous applications of gibberellins were effective in increasing shoot 

elongation, and several forms of GAs that have been isolated from conifer 

tissues. 

The work of Dunberg (1976) on Norway spruce (Picea abies) 

demonstrated an accelerated rise in gibberellin-1ike compounds during the 

short period of rapid shoot elongation that this species undergoes each 

year. A similar increase in indole-3-acetic acid was observed under the 

same circumstances. However, no definite conclusions were drawn as to 

whether it is the rise in these compounds that brings about rapid shoot 

elongation or vice-versa. In another study, gibberellins applied 
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exogenously were able to break the dormancy in Douglas-fir (Pseudotsuga 

menziessii) caused by low soil temperatures (5° C) and short photoperiods 

(9 hours). Parallel to that, studies on similar plants grown in the field 

showed that as environmental conditions started to shift towards warmer 

soil temperatures and longer photoperiods, a simultaneous increase in the 

endogenous level of gibberellins was found in the xylem sap (Lavender et 

al., 1973). 

The shoot growth of many tree species responds positively to 

exogenous applications of gibberellins (Bilan and Kemp, 1962; Roberts et 

al., 1963; Roscina, 1965; Jensen and Dochinger, 1972; Wright and Aung, 

1975; Heidmann, 1982; Longman, 1982; Dixon et al., 1984). Heidmann 

(1982), for example, reported a 9-fold increase over the control with a 

10"3 M concentration of GA4/7 on 6-9 month old Pinus ponderosa. Wright and 

Aung reported a 68% increase, as compared to the control, on dwarf 

Japanese holly (Ilex crenata Thunb. cv. Helleri). However, an interesting 

hypothesis emerged from the work of Ross (1983) on the effect of 

exogenously applied GA4/7 on shoot elongation and flowering in Douglas-fir. 

It was found that the concentration of GA4/7 needed for enhancing 

vegetative growth was smaller than that needed to promote flowering and 

that above that concentration, vegetative growth no longer responded. 

This suggested that flowering will occur only after a threshold level of 

exogenous GA4/7 is reached, and that below that level, the response belongs 

solely to the "vegetative growth process." 

In many cases reported in the literature, the positive response of 

shoot growth to exogenous gibberellins did not come without side-effects. 



Bilan and Kemp (1962) observed that the stimulation of height growth was 

accompanied by a paleness in needle color, a reduction in both the number 

and size of lateral branches, and a decrease in the dry weight of both 

roots and shoots, especially of needles. They found that root collar 

diameter remained unaffected, whereas Wright and Aung (1975) reported it 

to increase. Pharis (1976) stated that cambial growth is controlled 

mostly by auxins, although other hormones such as gibberellins, cytokinins 

and abscisic acid have been shown to affect xylem growth of conifers. On 

the other hand, other reports about GA4/7 increasing not only shoot height, 

but also bud growth, needle number and length, and branching, are also 

found (Longman, 1982). 

Research carried out by Hejnowicz (1987) demonstrated some definte 

effects of exogenous GA4/7 on the terminal and lateral buds of Pi'hus 

svlvestris. The buds were sprayed with the hormone in the "period of 

subtending bud scale primordia initiation." Mitotic activity in the apex 

rose quickly after spraying. Later on, a change in the dimensions of the 

apical dome was observed, including an increase in bud length. However, 

the organization of the apical meristem was not affected. 

Gibberellins are not the only growth substances effective on 

conifers. Evidence has been obtained that endogenous gibberellins and 

cytokinins in Pinus radiata change into biologically more active forms at 

the time of long shoot initiation (Taylor et al., 1984). In vitro studies 

by Webb and Santiago (1985) showed that cultured embryos of Pinus caribaea 

were induced to form adventitious buds when grown on a medium that 

contained benzyladenine (BA) - a compound with cytokinin activity. 



Long before the afore mentioned studies, Sachs and Thimann (1967) 

had attempted to elucidate the role that both auxins and cytokinins play 

in releasing buds from apical dominance. They concluded from a series of 

experiments that local applications of a cytokinin compound to lateral 

buds can release them from the inhibition caused by the apical dominance 

of growing apices. Nevertheless, they found that such released buds 

failed to elongate as much as uninhibited ones unless auxin was locally 

applied to them. However, gibberellin was found to be effective in 

bringing"about their partial elongation. They also concluded that one of 

the roles of cytokinins is to permit the apices of buds to develop, but 

auxin is necessary to bring about their normal elongation. GibberelTins 

can substitute somewhat for auxins in the latter role. 

Such research findings were soon put to work. Lewis and Haun 

(1975) investigated the possibility of using a chemical, namely ethyl 

hydrogen 1-propylphosphonate (EHPP), as a pinching agent for Ilex crenata 

Thunb. Their study showed that the concentration of the chemical was the 

most critical factor. The optimum concentration was found to be 4000 ppm, 

where it resulted in maximum branching without any adverse effects. Above 

that concentration, phytotoxicity, a reduction in the number of branches 

as well as oven-dry weight started to appear and increased with the 

increase in application rates. 

Still, in the same line of work as Sachs and Thimann (1967), Cohen 

and Shanks (1975) demonstrated the effectiveness of spring foliar 

applications of N6-BA (at 500 and 1000 ppm) at enhancing the development 

of dwarf shoots and increasing the number of developed buds on long shoots 
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in Pinus ponderosa. The treatments were rendered more effective by 

terminal bud removal. GA3 applied alone for the same purpose was 

ineffective. Cohen and Shanks (1975) postulated that both auxins and 

cytokinins are necessary to release buds from apical dominance, but once 

this has been achieved, the function of gibberellin is to bring about 

elongation of the released axillary buds. 

Dixon et al. (1984) used combined applications of not only BA and 

GA, but also an N-P-K fertilizer to white oak seedlings (Quercus alba). 

Their findings showed that the 1500 ppm N-P-K treatment combined with 50 

ppm GA or BA significantly increased dry weight, with the latter compound 

producing the greater effect. The 500 ppm rate of GA produced the largest 

increase in shoot height, which was found not affected by fertilizer 

applications, but reduced by increasing concentrations of BA. Also, the 

50 ppm level of BA and GA had significant positive effects on root collar 

diameter and the length of the root system. 

Few studies have been done on Pinus brutia concerning the effect 

of growth regulators on this species. Ewers and Aloni (1985) investigated 

the effect of exogenous auxins and gibberellins on vascular 

differentiation within the needles of P^ brutia. They found that both 

hormones increased phloem and, to a lesser extent, xylem production when 

used singly or in conjunction with each other. Al-Kinani et al. (1981) 

tried spraying brutia with 0, 50, 100, and 150 ppm of GA twice a year 

(March and October). They found that the 50 ppm concentration was the 

best for height and diameter growth, effect on branching, and fresh and 
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oven-dry weight. Their study lasted two years, but the treatments were 

administered only during the first year. 

Not all approaches to the use of growth regulators are similar. 

Sometimes, it can be undesirable to enhance shoot growth of transplanted 

seedlings. Coffman and Loewenstein (1973) suggested the use of growth 

regulators to decrease transplant mortality of ponderosa pine (which can 

be as high as 80% in the Southwest), and to insure rapid growth of 

transplants for optimum survival. However, their approach was to promote 

root growth (by applications of the two auxins IAA and IBA) to enable the 

seedlings to better resist drought injury, while inhibiting shoot growth 

(with the use of maleic hydrazide) and, thus, reducing the transpiring 

surface. 

We, therefore, can say that, while experimentation with the use of 

plant growth regulators should continue, these substances should not be 

regarded as "miracle-performers." Emphasis should be placed on their wise 

use, not their abuse, for each situation and each species has its own 

particularities and requirements. 
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Objectives 

Pinus brutia is a valuable species for the reforestation of 

semi-arid lands (Abido, 1986). However, growth of trees in semi-arid 

ecosystems often is slowed down by different climatic and edaphic 

conditions.This study was conducted to determine whether it is possible 

to improve the growth of Pinus brutia var. eldarica at the seedling stage, 

giving propagules in the nursery a "head start" before transplanting them 

out into the field. 

More specifically, the objectives of the study were: 

1. To find out how eldarica pine responds to different nitrogen 

fertilizer regimes. 

2. To ascertain whether eldarica pine responds to exogenous 

applications of growth regulators with gibberellin and 

cytokinin activity. 

3. To find out whether an interaction effect exists between the 

two factors (nitrogen fertilizers and growth regulators). 

4. To attempt to determine the optimum level of each factor in the 

event they prove to have a significant positive effect on the 

growth of eldarica pine. 

Materials and Methods 

The study consisted of a greenhouse experiment that was conducted 

at the University of Arizona Campus Agicultural Center during the spring 

and summer of 1987. The study period (90 days) began on May 19 and ended 



on August 16. The nine-month-old containerized seedlings of Pinus brutia 

var. eldarica had arrived in mid-February and were kept temporarily in a 

glasshouse until March 28. They then were transplanted into 5 gallon 

plastic pots at the greenhouse. The pots were inspected regularly and the 

watering regime was such that only the top half-inch of the potting 

mixture was allowed to dry out between waterings. Therefore, at no point 

in time were the plants subjected to a moisture stress. The greenhouse 

was cooled by an evaporative cooler pad, and the average of daily air 

temperatures in the greenhouse ranged between 75° to 90° F. 

In choosing a potting mixture for the study, care was taken to 

select a medium that would have a high water holding capacity and a low 

amount of soluble salts. Upon examination of the properties of several 

potting mixtures described by Pittenger (1986), a mixture of organic 

peatmoss, perlite and vermiculite was chosen with the following 

proportions: 74, 16 and 10% (v/v), respectively. It was hoped that the 

relatively low. pH of this mixture would help avoid micronutrient 

deficiencies. Moreover, Abido (1986) reported that the optimum soil pH 

for Pinus brutia is the range between 5.8 to 7.2. The results of the 

routine laboratory tests that were performed on this mixture are reported 

in Table 1. 

A humidity and temperature gradient (caused by the evaporative 

cooler) existed in the greenhouse. Consequently, a split-plot design was 

chosen, with the blocks perpendicular to the above-mentioned gradient. 

The experimental set-up consisted of four replications, totaling 112 pots. 

Nitrogen was the main-plot factor. A control plus low, medium, and high 



Table 1. Chemical characteristics of the potting mixture used in the experiment. 

pH EC Total N NO3-N NH4-N P Mn Cu Fe Zn Na (C Ca Hg 

Sat.Past. Sat.Past. Kjeldahl Kjeldahl Kjeldahl Bray #1 DTPA OTPA DTPA DTPA Sat.Past. Sat.Past. Sat.Past. Sat.Past. 

s.u. mmhos/cra ppm - , 

5.6 0.500 12,495 42 14 28 21.6 0.5 29.3 3.0 17.60 13.30 60.70 25.70 

ro 
-F* 
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doses of nitrogen were its four treatment levels. The low level (10 ppm 

of elemental nitrogen) was applied each time the plants needed watering, 

similar to a constant feed system. The other two levels (50 ppm and 100 

ppm) were applied once every month (i.e., only three times during the 

course of the experiment). The nitrogen source that was used was 50% urea 

and 50% ammonium nitrate (solution 32). All doses of nitrogen for each 

individual pot were dissolved in 2 liters of water and applied at 

irrigation time. The amount of nitrogen that was applied was calculated 

on a nitrogen to water weight to weight basis. 

Unlike nitrogen, the different plant growth regulator (PGR) 

treatments of the subplot factor were applied only once during the course 

of the study. The application took place on June 7 approximately three 

weeks after the begining of the experiment. There were seven different 

PGR treatment levels including a control. Three of the treatment levels 

involved low, medium, and high doses of ABG-3062 (Pro-Shear1) liquid 

concentrate and similar doses of ABG-3001 (Promalin1) in a water miscible 

formulation. Throughout this thesis, ABG-3062 will be referred to as BA 

and ABG-3001 as BA+GA. Table 2 gives the characteristics of each PGR and 

the doses used as well as application methods. 

It is a fact that the thick waxy cuticle on the needles of many 

coniferous species acts as a barrier to the absorption of most foliarly 

applied chemicals. Previous research has involved the use of some kind 

of surfactant or wetting agent in conjunction with growth regulator 

^ro-Shear and Promalin are traademarks of Abbot Laboratories. Use of trade 
names does not imply endorsement of the products. 



Table 2. Nomenclature, physical and chemical properties of the plant growth regulators used in the 
experiment, as well as application rates and wetting agents used. 

Trade 

Name 

Common Chemical 

Name Name 

Type of 

PGR 

Molecular 

Formula 

Molecular 

Height 

Carrier 

Carrier 

% Active 

Ingred. 

Application 

Rates 

Method 

of Appl. 

Wetting 

Agent 

Pro- 6-Benzyl- 6-Benzyl- Cytokinin C12H11N5 225.26 Liquid 2.OX 500, 1000 and Hand Already 
Shear adenlne amino concen (w/w) 2000 ppm held present 

Purine trate 
(w/w) 2000 ppm 

pressurized in 
sprayer formulation 

Proralin Mixture of 
BA+GA4+G47 

cytoklnin 
and 
gibberel-
11ns 

BA: C12H11N5 
GA4: C19H2405 
GA7: C19H2205 

225.26 
332.39 
330.38 

Water 
misclble 
formulat. 

BA: 1.8 
GA: 1.8 
(w/w) 

500, 1000 and Same as 
2000 ppm. of above 
each ingredient 

Spray-aide, 
enough to 
adjust pH of 
sprayer mix. 
to about 6.5 

ro 
CD 
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applications. Jensen and Dochinger (1972) applied GA in an ethanol 

solution, while Roberts et al. (1963) used Tween 20 and a lanolin paste. 

Thus, a surfactant had to be applied along with the different PGR 

treatments used. For BA, a surfactant already was present in the 

formulation, so only water was added. This was not the case for BA+GA, 

so an acidifying wetting agent called Spray-aide2 was added, enoughto 

bringthe pH of the waater down to 6.5.This acidifying effect was necessary 

to prevent the active ingredients from precipitating in an otherwise 

alkaline medium. The surfactant was tested for potential phytotoxicity 

effects by spraying two saplings (not included in the experiment) with a 

mixture of water and surfactant that had a pH of 6.5. Few days later, no 

phytotoxicity effects were observed. It was concluded that Spray-aide was 

safe for use in this experiment. 

In applying the PGR treatments,a portable pressurized 

sprayer/mister was used. The chemicals were added last, after the pH of 

the carrying medium had been adjusted to 6.5. The mixture then was mixed 

energetically and brought under pressure, and the sprayer nozzle was 

adjusted to spray with a very fine mist. A triangular shield made of 

cardboard (coated with a thin sheet of plastic on the inside) was made to 

isolate each plant from its neighbors during the spray operation. Each 

sapling was sprayed individually from above after the shield was placed 

around it. The spraying operation lasted long enough to ensure uniform 

Spray-aide is a trademark of Miller Chemical & Fertilizer Corporation. 
Active ingredient is alkylaryl polyoxyethylene glycol phosphate ester. Use of 
trade name does not imply endorsement of the product 
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covering of the foliage with a fine mist; it was discontinued after the 

onset of dripping. This method of spraying until dripping occurred was 

used by Lewis and Haun (1975) and by Dixon et al. (1984). 

To avoid undesirable side-effects and eliminate the possibility of 

major nutrient deficiencies, 100 ppm each of elemental phosphorous and 

elemental potassium were added to each pot on the first day of the 

experiment. The phosphorous source was monocalcium phosphate and the 

potassium source was potassium sulfate. This was the only time anything 

other than nitrogen was applied to the soil. 

On the first day of the experiment and periodically thereafter, 

growth parameters were measured until the last day. These parameters were 

root collar diameter (measured to the nearest 0.5 mm with a small 

caliper), shoot elongation (measured to the nearest 0.5 cm with a ruler 

stick), and branching characteristics (evaluated by counting the number 

of lateral branches and noting any unusual branching characteristics like 

branching at the terminal bud). Moreover, phytotoxicity was evaluated 

periodically on a visual scale from (1) to (10) following PGR application, 

(1) indicating a perfectly healthy plant and (10) denoting death due to 

phytotoxicity. On the last day of the experiment, the saplings were cut 

at the soil line, put in individual paper bags and dried in an oven at 

65° C for about 48 hours. They then were individually weighed to the 

nearest 0.1 gram using a Metier balance. Another post-experimental study 

involved the determination of needle nitrogen content. This was done 

after pulverizing the oven-dry needles of each sapling with a plant tissue 

grinder. Then, a representative sample weighing approximately 0.1 gram 
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was taken from each sapling and digested on a block digestor, using 98+% 

reagent grade sulfuric acid and Pope mixture # 5 (a catalyst boiling point 

elevator mix of HgO and K2S04). After digestion, the samples were 

distilled and their nitrogen content determined by the Kjeldahl method. 

For more details about this procedure, the reader is referred to Bremner 

and Mulvaney (1982). 

In performing the statistical analysis the SAS and MSUSTAT software 

packages were used. SAS was used mainly for the analysis of variance. 

MSUSTAT was used for multiple comparisons among treatment means, namely 

LSD tests and orthogonal contrasts. Branching characteristics and 

phytotoxicity levels were not subjected to statistical tests, as their 

assessment was somehow subjective. Measures of final root collar 

diameter, final height, and needle nitrogen content were expressed as 

fractions (% of initial diameter, % of initial height, and parts per 

million, respectively) and, as such, did not conform with one of the 

assumptions of the analysis of variance (namely, homogeneity of 

variances). Consequently, an arc sine transformation3 (arc sine of the 

square root of the original decimal values, in degrees) was used to remedy 

that. The Anova for oven-dry weight did not require a transformation. 

However, since it was technically impossible to obtain the initial 

oven-dry weights of the seedlings, the results of the latter Anova should 

3More details concerning the arc sine transformation can be obtained from 
Chapter 7 in Statistical Procedures for Agricultural Reserach (Gomez and Gomez, 
1984). 



be interpreted with caution. A least significant difference test (LSD)4 

was chosen for separating out the means of all the variables on which the 

analysis of variance was performed. 

4Until recently, LSD tests were not commonly used for pairwise comparisons 
on non-consecutive means if the number of treatment levels exceeded 6. However, 
recent studies show that if the F-test has proven significant, an LSD test can 
be used even if treatment levels exceed 6 because the significance would be 
"protected." For more details, the reader is referred to Chapter 11 in: An 
Introduction to Statistical Methods and Data Analysis (Ott, 1984). 



31 

RESULTS AND DISCUSSION 

Results 

The tables and graphs found in this section of the thesis are 

mostly summary results. The results presented are averages of all 

replications. 

The increase in root collar diameter was calculated as the ratio 

of the increment (in millimeters) to the original diameter. Table 3 

summarizes the results relating to this growth parameter. It also gives 

the transformed values of the above-mentioned ratio. As previously 

mentioned} an arc sine transformation was used in the analysis of 

variance. This type of transformation commonly is used for data expressed 

as decimal fractions or proportions. 

Table 4 summarizes the results of the analysis of variance 

performed on the transformed variable. The table indicates that the 

blocking system used in replication was not effective in controlling 

experimental error. Nitrogen, the main-plot factor, appears to be 

non-significant (at the 0.05 level) in its effect on the increase in root 

collar diameter. Nevertheless, its interaction with the subplot factor 

(growth regulators) is significant, while the effect of growth regulators 

by themselves is highly significant (i.e., significant at the 0.01 level). 

Graphically, the effect of both nitrogen and growth regulators on 

root collar diameter can be illustrated in terms of time to give us a more 

detailed, qualitative description. Figures 1 through 9 are such 

illustrations. The scale on all figures was kept constant to allow 



Table. 3. Increase in root collar diameter expressed as a ratio and with an arsine transforma 
tion (average of four replications). 

Increase in root collar diameter 
No nitrogen Low nitrogen Medium nitrogen High nitrogen 

Plant growth regulator Ratio Trans. Ratio Trans. Ratio Trans. Ratio Trans. 

No growth regulator 0. .72 58. .74 0. ,81 64. .76 0. .76 64.46 0.67 55. .23 

BA (500 ppm.) 0. .43 40. ,72 0. ,34 35. .78 0. .33 34.60 0.53 48. .87 

BA (1000 ppm.) 0. .32 34. .22 0. ,24 28. .18 0. .29 28.87 0.29 32. .65 

BA (2000 ppm.) 0. ,07 11. .05 0. ,15 21. .95 0. .06 13.55 0.09 14. .93 

BA+GA (500 ppm. each) 0. .48 43. .80 0. ,75 61, .83 0, .64 53.34 0.67 55, .69 

BA+GA (1000 ppm. each) 0. .41 39. .51 0, .65 54 .42 0, .72 60.33 0.65 54, .21 

BA+GA (2000 ppm. each) 0. .36 32, .03 0, .62 52 .03 0 .47 43.06 0.13 16 .97 
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Table 4. Analysis of Variance of the increase in root collar diameter, 
using an arsine transformation of the original data (decimal 
ratio). 

Source Degree Sum 
of of of Mean Computed 
Variation Freedom Squares Square F 

Replication 3 1008, .21 336. .07 0, .95 (ns) 
Nitrogen (A) 3 1101. .47 367. ,16 1. ,04 (ns) 
Error (a) 9 3169, .79 352. .20 

(ns) 

Growth reg. (B) 6 23340, .24 3890. ,04 28. ,55 ** 

A x B 18 4379, .23 243. ,29 1. ,79 * 
Error (b) 72 9811, .86 136. ,27 
Total 111 42810, .81 

cv(a)=46.4%, cv(b)=28.3%. 
*=significant at 5% level, **=significant at 1% level, 
ns=non-significant. 
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Fig. 3. Increase in root collar diameter in treatments that received BA 
+ GA and no nitrogen applications. 
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Fig. 6. Increase in root collar diameter in treatments that receive BA 
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extensive comparisons among all twenty-eight treatments. An examination 

of all nine figures, as well as of Table 3, shows that the no growth 

regulator, low nitrogen (10 ppm applied at each irrigation) treatment 

resulted in the highest increase in root collar diameter, approximately, 

81%. The figures also show that most of the time, BA+GA had less adverse 

effects on root collar diameter than did BA, with the exception of the 

2000 ppm dose of BA+GA at the high nitrogen level. In most cases, the low 

and intermediate levels of BA led to a stagnation or a slow increase in 

diameter growth, whereas the highest dose of the same growth regulator 

led to a marked decrease in the rate of growth at all nitrogen levels. 

The least adverse effect resulted from BA+GA at the low nitrogen level. 

A least significant difference (LSD) test (by Student's t) was 

performed (using MSUSTAT), and resulted in the following classification 

of the means of the 28 treatments (Table 5). 

Some of the results of Table 5 can be highlighted by' the outcome of 

some tests of orthogonal contrasts that were performed on subplot means 

(ignoring the interaction effect between the two factors), again, using 

MSUSTAT. Those contrasts are summarized in Table 6. It is obvious from 

Tables 5 and 6 that the no growth regulator treatment did not have adverse 

effects on root collar diameter growth, and that the other treatment that 

acted similarly to it was the low level of BA+GA. Table 6 also highlights 

the fact that there was a highly significant difference between the two 

growth regulators at all levels and, with information from Table 5, we 

can conclude that BA (by itself) had more adverse effects than BA+GA. 
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Table 5. LSD test for the variable "increase in root collar diameter" 
(arc sine scale) using Student's t. Means followed by the same 
letter are not significantly different at the 0.05 level. 

Nitrogen Level Growth Regulator Mean 

No nitrogen High 8A 11 .05 A 
Medium High BA 13 .55 AB 
High High BA 14.93 AB 
High High BA+GA 16, .97 ABC 
Low High BA 21 .95 ABCD 
Low Medium BA 28 .18 BGDE 
Medium Medium BA 28. .87 BCDE 
No Nitrogen High BA+GA 32 .03 CDE 
High Medium BA 32, .65 CDEF 
No Nitrogen Medium BA 34, .22 DEF 
Medium Low BA 34, .60 DEF 
Low Low BA 35, .78 DEFG 
No Nitrogen Medium BA+GA 39, .51 EFGH 
No Nitrogen Low BA 40, .72 EFGH 
Medium High BA+GA 43, .06 EFGHI 
No Nitrogen Low BA+GA 43, .80 EFGHI 
High Low BA 48. ,87 FGHIJ 
Low High BA+GA 52. ,03 GHIJ 
Medium Low BA+GA 53. ,34 HIJ 
High Medium BA+GA 54. ,21 HIJ 
Low Medium BA+GA 54. .42 HIJ 
High None 55. ,23 HIJ 
High Low BA+GA 55. ,69 HIJ 
No Nitrogen None 58. 74 IJ 
Medium Medium BA+GA 60. 33 J 
Low Low BA+GA 61. 83 J 
Medium None 64. 46 J 
Low None 64. 76 J 
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Table 6. Orthogonal contrasts on means of the subplot factor (growth 
regulator) for the variable "increase in root collar diameter" 
(on an arc sine scale). 

Type of Contrast Level of Significance 

No growth regulator vs. all 0.0000 

All levels of BA vs. 0.0000 
All levels of BA+GA 

High level of BA vs. all 0.0000 

Low level of BA+GA vs. 0.0884 
No growth regulator 

Low and medium levels of BA vs. 0.0000 
Low and medium levels of BA+GA 

High levels of BA vs. 
High levels of BA+GA 

0.0000 



Looking at the rate of increase in root collar diameter (in mm/day) 

between measurements (Figs. 10 through 18), we see that the no growth 

regulator treatments exhibited a slow but steady acceleration until 

approximately day 60. Then, this rate started to decline until the end 

of the experiment (Fig. 10). For all the other treatments (i.e., 

different levels of growth regulators at different nitrogen rates) , this 

deceleration of growth was brought about earlier, and the rate sometimes 

was negative (actual decrease in diameter probably due to the collapsing 

of tissue as some plants died). For the BA+GA treatments, the turning 

point seems to be day 40, which is the peak of a sharp increase followed 

by a rapid decrease and eventually a stagnation or a slow increase. 

The increase in shoot elongation also was expressed as a decimal 

fraction (ratio of increment to original height). However, since this 

ratio was in some cases higher than 1, it had to be multiplied by 0.5 to 

scale it down to values less than 1 so that the arc sine transformation 

can be computed. The results are tabulated in Table 7. 

Table 8 gives the analysis of variance for the increase in shoot 

height. The results are similar to those of root collar diameter except 

that here, the interaction between nitrogen and growth regulators was not 

significant. 

An examination of shoot elongation in time, as affected by the 

different treatments, reveals that the no growth regulator treatments gave 

a more or less steady increase at all nitrogen levels, with the highest 

increase resulting from low and intermediate nitrogen levels (Figs. 19 

through 27). The final increase that resulted from these two treatments 
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Fig. 15. Rate of increase in root collar diameter between measurements 
in treatments that received BA and 50 ppm of nitrogen every 
month. 
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in treatments that received BA+GA and 50 ppm of nitrogen every 
month. 
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Table. 7. Increase in shoot height expressed as a ratio and with an arsine transformation (average 
of four replications). 

Increase in shoot height 
No nitrogen Low nitrogen Medium nitrogen High nitrogen 

Plant growth regulator Ratio Trans. Ratio Trans. Ratio Trans. Ratio Trans. 

No growth regulator 0. .64 34.15 0. .74 37. .29 0. .86 40. ,79 0. .69 36.00 

BA (500 ppm.) 0. .33 24.06 0. .39 26. .29 0. .38 25. .79 0. .36 24.83 

BA (1000 ppm.) 0. .30 22.84 0. .28 21. .91 0. .30 22. .72 0, .26 21.22' 

BA (2000 ppm.) 0. .29 22.03 0. .34 24. .16 0. .30 22. .72 0. .24 20.19 

BA+GA (500 ppm. each) 0. .54 30.86 0. .90 42. .18 0, .76 37. .59 0, .77 38.35 

BA+GA (1000 ppm. each) 0. .57 31.86 0, .66 34. .82 0, .58 32. .22 0. .68 35.30 

BA+GA (2000 ppm. each) 0. .35 24.51 0, .74 37. .30 0, .38 25. .73 0, .42 26.58 
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Table 8. Analysis of Variance of increase in shoot height using an 
arcsine transformation of the original data (0.5 x decimal 
ratio), scaled by a factor of 0.5 to avoid ratios higher than 
1. 

Source Degree Sum 
of of of Mean Computed 
Variation Freedom Squares Square F 

Replication 3 144, .40 48. .13 0, .89 (ns) 
Nitrogen (A) 3 331, .91 110, .64 2, .05 (ns) 
Error (a) 9 485, .05 53, ,89 

(ns) 

Growth reg. (B) 6 4134, .50 689, .08 24, .86 ** 

A x B 18 530. ,90 29. .49 1, ,06 (ns) 
Error (b) 72 1995. ,81 27. ,72 

(ns) 

Total 111 7622. .57 

cv(a)=24.9%, cv(b)=17.9%. 
**=significant at 1% level, 
ns=non-significant. 



50 

E o 
c 

4) 
JZ 

+J 
o 
o 
.c W 
c 
<t> 
(A a a> 
t_ o c 

100 

Days since beginning of experiment 

0 ppm N 

10 ppm N 

50 ppm N 

ICO ppm N 

Fig. 19. Increase in shoot elongation in treatments that received no 
enogenous applications of growth regulators. 
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was equalled, even surpassed, by the 500 ppm dose of BA+GA at the low 

nitrogen level only. Another interesting observation emerges from Figures 

19 through 27: while all levels of BA resulted in a stagnation of growth 

after growth regulator application, the low, intermediate, and sometimes 

the high levels of BA+GA led to a sharp increase in the last month of the 

experiment, after a temporary stagnation period. 

Table 9 presents the results of the LSD test for shoot elongation. 

It shows that both low and intermediate levels of BA+GA were as good as 

the no growth regulator applications whereas all other treatments were 

significantly inferior. 

Orthogonal contrasts show that the difference between BA and BA+GA 

was highly significant, as well as the difference between the no growth 

regulator treatment and all other treatments (Table 10). However, no 

significance was found in the contrast between the no growth regulator 

treatment and the low BA+GA treatment (the one that gave the highest 

increase). 

Looking at Figures 28 through 36 (showing the rate of increase 

between measurements), some interesting facts are revealed. The no growth 

regulator treatments (at all nitrogen levels) start to show a steady 

decline in growth rates around day 40 or even earlier (Fig. 28). For all 

levels of BA at all nitrogen levels (Figs. 29, 31, 33 and 35), this 

decline took place much earlier, as soon as the growth regulator was 

applied. On the other hand, for the other growth regulator, a similar 

decline was observed, followed by a sharp increase around day 60. This 

pattern is true of both the the low and intermediate levels of BA+GA at 
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Table 9. LSD test for the variable shoot elongation (arc sine scale) 
using Student's t. Means followed by the same letter are not 
significantly different at the 0.05 level. 

Growth Regulator Mean 

Medium BA 22, .17 A 
High BA 22, .27 A 
Low BA 25, .24 AB 
High BA+GA 28, .60 B 
Medium BA+GA 33, .55 C 
None 37, .06 C 
Low BA+GA 37. ,24 C 
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Table 10. Orthogonal contrasts on means of the subplot factor (growth 
regulator) for the variable "increase in shoot height" (on 
an arc sine scale). 

Type of Contrast Level of Significance 

No growth regulator vs. all 0.0000 

All levels of BA vs. 0.0000 
All levels of BA+GA 

Low level of BA vs. all 0.0000 

Low level of BA+GA vs. all 0.0000 

No growth regulator vs. 0.0994 
Low BA+GA 
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Fig. 28. Rate of increase in shoot height between measurements in 
treatments that received no exogenous applications of growth 
regulators. 
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Fig. 33. Rate of increase in shoot height between measurements in 
treatments that received BA and 50 ppm of nitrogen every month. 
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36. Rate of increase in shoot height between measurements in 
treatments that received BA+GA and 100 ppm of nitrogen every 
month. 



all nitrogen levels, and also of the high level of the same growth 

regulator at the low and frequent nitrogen application. 

Figure 37 shows the results of a visual evaluation of phytotoxicity 

on a scale from (1) to (10), (1) indicating no phytotoxicity at all and 

(10) denoting a dead tree. Obviously, the no growth regulator treatments 

did not result in any phytotoxic effects. On the other hand, the high 

doses of both growth regulators gave the highest phytotoxicity symptoms, 

with the other treatments in between. The effect of nitrogen apparently 

was not as consistent. 

In counting dead trees at the end of the experiment, the total 

number was found to be 16 distributed as follows: one had undergone a 

medium BA application, 10 had a high BA rate, and 5 high BA+GA. It seemed 

that BA, by itself, was more lethal at high doses than BA+GA. 

Needle nitrogen content (in ppm on a weight to weight basis) is 

illustrated in Figure 38, with the numerical data presented in Table 11. 

The highest values belonged to the no growth regulator treatments, with 

all other treatments resulting in a significantly lower needle nitrogen 

contents. 

Table 12 presents the results of the analysis of variance for 

needle nitrogen. Here again, the subplot factor is highly significant, 

whereas the interaction between main and suplot factor is significant. 

All other sources of variation were not significant. 

Table 13 presents the outcome of mean seperation, by the LSD test, 

for needle nitrogen content. Table 14 further clarifies the results of 

the preceeding table. Only the contrast between the no growth regulator 
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Fig. 37. Phytotoxicity, at the end of the experiment, evaluated on a 
visual scale from (1) to (10). 
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Fig. 38. Needle nitrogen content, at the end of the experiment, measured 
in ppm on a weight to weight basis. 



Table. 11. Needle nitrogen content, in ppm and on an arsine scale, of over-dry saplings by the Kjeldahl 
method (average of all replications). 

Needle nitrogen content 
No nitrogen Low nitrogen Medium nitrogen High nitrogen 

Plant growth regulator ppm (w/w) Trans, ppm (w/w) Trans, ppm (w/w) Trans, ppm (w/w) Trans. 

No growth regulator 16498. 74 7. .36 17429. .25 7. .58 18864, .33 7. .89 17717. .00 7, .65 

BA (500 ppm.) 15526. .00 7, .13 10875. .25 5. .96 14250. .25 6. .85 15292, .67 7. .09 

BA (1000 ppm.) 14310. .50 6. .87 12394. .75 6. .38 13014, .00 6. .55 14095. .50 6. .82 

BA (2000 ppm.) 14540. .00 6. .92 12173. .25 6. .32 15249 .33 7, .09 14266, .25 6. .85 

BA+GA (500 ppm. each) 15037. .00 7, .03 15130. .25 7. .06 14901, .50 6. .99 14056, .50 6, .80 

BA+GA (1000 ppm. each) 14142. .25 6, .83 13720. .50 6. ,72 15193 .25 7, .08 12162 .75 6. .31 

BA+GA (2000 ppm. each) 13779. .50 6, .72 14877. .33 7. .01 15231 .25 7, .07 14411, .33 6, .88 

CTt 
cn 
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Table 12. Analysis of Variance of needle nitrogen content using an arsine 
transformation of the original data (decimal ratio). 

Source Degree Sum 
of of of Mean Computed 
Variation Freedom Squares Square F 

Replication 3 0, .1488 0, .0496 0, .12 (ns) 
Nitrogen (A) 3 1, .6753 0, .5584 1. .41 (ns) 
Error (a) 9 3. .5739 0, .3971 

(ns) 

Growth reg. (B) 6 9, .5458 1. .5910 9. .09 ** 

A x B 18 5, .7675 0. .3204 1. .83 * 
Error (b) 66 11. .5565 0. .1751 
Total 105 32, .2679 

cv(a)=10.8%, cv(b)=6.1%. 
*=significant at 5% level, **=significant at 1% level, 
ns=non-significant. 
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Table 13. LSD test for the variable "needle nitrogen content" (arc sine 
scale) using Student's t. Means followed by the same letter are 
not significantly different at the 0.05 level. 

Nitrogen Level Growth Regulator Mean 

Low Low BA 5 .96 A 
High Medium BA+GA 6 .31 AB 
Low High BA 6 .32 AB 
Low Medium BA 6 .38 ABC 
Medium Medium BA 6 .55 ABCD 
Low Medium BA+GA 6, .72 BCD 
No Nitrogen High BA+GA 6 .72 BCD 
High Low BA+GA 6 .80 BCDE 
High Medium BA 6 .82 BCDE 
No Nitrogen Medium BA+GA 6, .83 BCDE 
Medium Low BA 6, .85 BCDE 
High High BA 6. .85 BCDE 
No Nitrogen Medium BA 6, .87 BCDE 
High High BA+GA 6, .88 BCDE 
No nitrogen High BA 6, .92 CDE 
Medium Low BA+GA 6, .99 CDEF 
Low High BA+GA 7, ,01. CDEF 
No Nitrogen Low BA+GA 7. .03 DEFG 
Low Low BA+GA 7. .06 DEFG 
Medium High BA+GA 7. .07 DEFG 
Medium Medium BA+GA 7. ,08 DEFG 
High Low BA 7. ,09 DEFG 
Medium High BA 7. ,09 DEFG 
No Nitrogen Low BA 7. 13 DEFG 
No Nitrogen None 7. 36 EFGH 
Low None 7. 58 FGH 
High None 7. 65 GH 
Medium None 7. 89 H 
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Table 14. Orthogonal contrasts on means of the subplot factor (growth 
regulator) for the variable "needle nitrogen content" (on an 
arc sine scale). 

Type of Contrast Level of Significance 

No growth regulator vs. all 0.0000 

All levels of BA vs. 0.0909 
All levels of BA+GA 

Low level of BA vs. 0.1354 
Low level of BA+GA 

Medium level of BA vs. 0.5905 
Medium level of BA+GA 

High level of BA vs. 0.3678 
High level of BA+GA 



treatment and all other treatments was highly significant. The other 

investigated contrasts were not significant, leading to the conclusion 

that neither growth regulator is different from the other in its effect 

on needle nitrogen content; but, both of the growth regulators lower it 

significantly. 

Figure 39 illustrates oven-dry weight of the saplings at the end 

of the experiment. Care should be taken in interpreting the results 

concerning this particular variable, as the initial weight of the saplings 

remains unknown. However, both Figure 39 and Table 15 show that all 

growth regualtor levels resulted in a decrease in final oven-dry weight 

as compared to the no growth regulator treatment. The highest oven-dry 

weight resulted from the no plant growth regulator treatment at the low 

and frequent nitrogen level;but, Table 16 (presenting the analysis of 

variance) shows that both nitrogen and its interaction with the subplot 

factor were not significant, while the latter factor was highly 

significant. Table 17 (showing the results of the LSD test) classifies 

treatment means into three groups. • The significantly superior one was the 

no growth regulator treatment, followed by the low and medium doses of 

BA+GA, and the low dose of BA. All high rates and the medium dose of BA 

had the most adverse effect on oven-dry weight. Table 18 (outlining the 

orthogonal contrasts) recapitulates some of those results, and shows that 

the low levels of both growth regulators were significantly different from 

the other levels used. 

The effect of the experiment on branching of eldarica pine seemed 

to be the most intangible and the most difficult to assess, since the 
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Fig. 39. Over-dry weight of shoots, at the end of the experiment, 
measured in grams. 



Table 15. Oven-dry weight (grams) of the above-ground portions 
of the saplings at the end of the study (average of 
four replications). 

Oven-dry weight in grams 

Nitrogen level 

Plant growth regulator 0 ppm 10 ppm 50 ppm 100 ppm 

No growth regulator 9.20 14.68 11.28 12.68 
BA (500 ppm.) 7.98 10.13 9.00 8.53 
BA (1000 ppm.) 6.55 7.37 7.75 7.60 
BA (2000 ppm.) 5.58 7.85 6.93 6.25 
BA+GA (500 ppm. each) 6.47 9.72 8.45 9.28 
BA+GA (1000 ppm. each) 6.75 10.68 9.55 9.67 
BA+GA (2000 ppm. each) 6.43 8.43 6.05 7.08 
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Table 16. Analysis of Variance of oven-dry weight at the end of the 
experiment using the original data of weight in grams. 

Source Degree Sum 
of of of Mean Computed 
Variation Freedom Squares Square F 

Replication 3 28. .26 9, .42 0, .57 (ns) 
Nitrogen (A) 3 115. ,11 38. ,37 2. .31 (ns) 
Error (a) 9 149. ,80 16. .64 

(ns) 

Growth reg. (B) 6 314. ,18 52. .36 21, .08 ** 

A x B 18 45. ,52 2. .53 1. .02 (ns) 
Error (b) 72 178. ,86 2. .48 

(ns) 

Total 111 831. ,75 

cv(a)=48.0%, cv(b)=18.5%. 
**=significant at 1% level, 
ns=non-significant. 
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Table 17. LSD test for the variable final oven-dry weight (in grams) 
using Student's t. Means followed by the same letter are not 
significantly different at the 0.05 level. 

Growth Regulator Mean 

High BA 6.65 A 

High BA+GA 6.99 A 

Medium BA 7.32 A 

Low BA+GA 8.48 B 

Low BA 8.91 B 

Medium BA+GA 9.16 B 

None 11.96 C 
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Table 18. Orthogonal contrasts on means of the subsubplot factor (growth 
regulator) for the variable "final oven-dry weight" (in grams). 

Type of Contrast Level of Significance 

No growth regulator vs. all 0.0000 

All levels of BA vs. 0.0721 
All levels of BA+GA 

High level of BA+GA vs. all 

Low level of both growth regu
lators vs. other levels of both 

0.0000 

0.0011 
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results were very inconsistent (Fig. 40). At first, it seems that the no 

growth regulator treatment had the most positive effect on branching since 

it resulted in a higher branch count. Nevertheless, two important 

observations were noted. The trees that had survived at the end of the 

experiment could be divided into two groups: those with normal branching 

characteristics, and those with unusual branching characteristics. Trees 

of the first group were mostly those that did not receive any growth 

regulator applications. Those in the second group could be subdivided 

fur/ther into two other categories. One category was characterized by an 

abundance of axillary buds just starting to break along the main stem, 

while trees in the other category where characterized by what might be 

called "new top growth." This phenomenon, which is illustrated in Figure 

41, consisted of a sudden and rapid elongation of new growth from the 

apical meristem, sometimes accompanied by branching at what used to be 

the location of the terminal bud before rapid new growth started, as 

illustrated in Figure 42. Most of the trees exhibiting both phenomena 

(new top growth and branching of the new top growth) had received BA+GA 

applications. On the other hand, trees with the axillary bud break only 

were mostly under the BA treatment. - ~ 

Figures 43 through 51 illustrate selected trees from each treat

ment. Note the phytotoxic effects on some of the seedlings. Sometimes, 

plants that exhibited some phytotoxic effects right after growth regulator 

application were able to recover from those effects by the end of the 
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Fig. 40. Lateral branch count, at the end of the epxeriment. 



Fig. 41. 
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Some trees exhibited a 11 new top growth" phenomenon whereby a 
rapid elongation of the stem resulted after a period of growth 
stagnation. 



Fig. 42. 
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Sometimes the "new top growth" was accompanied by branching at 
the location where it started. 
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Fig. 43. Appearance of some of the saplings that did not receive any 
growth regulator applications, at the end of the experiment. 



Fig. 44. 

Fig. 45. 
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Final appearance of some of the saplings in the BA, no nitrogen 
group. 

Final appearahce of some of the saplings in the BA+GA, no 
nitrogen group. 



Fig. 46. 

Fig. 47. 
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Final appearance of some of the saplings in the BA, low 
nitrogen group. 

Final appearance of some of the saplings in the BA+GA, low 
nitrogen group. 
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Fig. 48. Final appearance of some of the saplings in the BA, medium 
nitrogen group. 

Fig. 49. Final appearance of some of the saplings in the BA+GA, medium 
nitrogen group. 



Fig. 50. 

Fig. 51. 
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Final appearance of some of the saplings in the BA, high 
nitrogen group. 

Final appearance of some of the saplings in the BA+GA, high 
nitrogen group. 
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experiment. Other trees' symptoms got worse and resulted in death by or 

before the end of the study. 

Discussion 

It is obvious from all the above-mentioned results that both BA by 

itself and BA combined with GA have a definite effect on the growth of 

eldarica pine, although this effect does not appear to be favorable at 

first-hand. 

Neither growth regulator was found significantly able to enhance 

root collar diameter growth as compared to the control. However, 

gibberellin by itself and when applied with auxin had a definite effect 

on phloem and xylem production in the needles of Pinus brutia (Ewers and 

Aloni, 1985). Pharis (1976) and Ross et al. (1983) noted that the major 

hormonal stimulus for cambial growth comes from auxins and that 

gibberellins and cytokinins may enhance auxin action; but, they rarely 

have an effect by themselves on cambial activity. This agrees with the 

findings of Bilan and Kemp (1962), who noted that root collar diameter 

growth was unaffected by all gibberellin treatments in their experiment. 

Wright and Aung (1975), as well as Dixon et al. (1984), reported 

significant increases in root collar diameter from GA and from BA+GA, 

respectively, but they were working with angiosperm tree species (holly 

and white oak). It could be in the study reported here that the 

detrimental effect of BA and of the high doses of BA+GA on root collar 

diameter growth of eldarica pine were one of the consequences of an 

adverse effect on the overall vegetative growth of this tree. The low 
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level of BA+GA (the one which was theleast detrimental) was not different 

statistically from the control in its effect on root collar diameter 

growth. We, therefore, can say that, so far, no evidence proves that 

either growth regulator used had a direct effect on root collar diameter 

growth. 

The effect on shoot elongation was quite different. First of all, 

the interaction of growth regulators with nitrogen was not significant 

for this growth parameter. This agrees with the findings of Dixon et al. 

(1984), who found that shoot elongation was not affected by fertilizer 

application. However, they also found that although shoot height was 

enhanced greatly by 500 ppm of GA; this response was decreased by 

increasing levels of BA. An explanation for this finding could be the 

fact that the proliferation of adventitious buds that is caused by BA 

usually is accompanied by a reduction in shoot growth (Ross et al., 1983). 

Also, gibberellins are known to enhance apical dominance, while cytokinins 

have an effect quite opposite to that (Bidwell, 1974); this might not be 

the only antagonism between these two hormonal substances. Perhaps, it 

would be justified to speculate that had GA been applied by itself to 

eldarica pine, a significant enhancement of height growth would have 

resulted. However, the problem is not as simple as it may seem. In some 

tree species, GA^ could be effective on embryonic shoots and not on 

currently elongating internodes (Ross et al., 1983). This effect on 

embryonic shoots was demonstrated in Pinus svlvestris by Hejnowicz (1987). 

Longman (1982) found that when 1 mg of GA^/7 was injected into rooted 

cuttings of Pinus contorta. it significantly enhanced bud growth during 
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the first year but did not increase height until the second year. It has 

been further argued that not all plant species are equal when it comes to 

responding to exogenous applications of plant growth regulators. Pines 

that experience only one growth flush per season are not likely to respond 

immediately to exogenous GAs, because their internodes have had their cell 

number predetermined the previous year. Other mechanisms that prevent 

response could be the ability of such trees to rapidly "detoxify" any 

excess of growth promotive hormones once their metabolism has been 

enhanced, or their production of inhibitory substances such as ABA 

(abscisic acid) whose effect will override that of gibberellins (Pharis, 

1976). However, it seems reasonable to speculate that GA by itelf would 

have resulted in significant increases in height, as this was the case in 

a two-year study on brutia pine by Al-Kinani et al. (1981). Moreover, 

eldarica pine is likely to have more than one growth flush per season, as 

it is not native to cold climates. 

The significantly lower needle nitrogen content that resulted from 

the growth regulator applications might have been one of the hidden 

symptoms of phytotoxicity. It is not possible to argue that phytotoxicity 

was the result of an increased demandfor nutrients (especially nitrogen), 

a demand that was not keeping pace with the supply from the soil, for both 

soil and fertilizer provided more than adequate sources of nitrogen and 

other nutrients. This hypothesis was offered by Bilan and Kemp (1962) in 

their study of the effect of GA on loblolly pine. They noticed that the 

stimulation of height growth was accompanied by a paleness in needle 

color, which they attributed to the long duration of the experiment, the 



low fertility of the potting soil, and "to dilution of pigment arising 

from failure of chlorophyll synthesis to keep pace with cell expansion." 

However, eldarica pine in the present experiment did not exhibit needle 

chlorosis only, but also needle necrosis. And, since nutrient 

deficiencies are not a plausible explanation, it must be some other effect 

of the growth regulators that caused this phytotoxicity. In a study on 

the effect of GA3 on Abies balsamea. Little and Loach (1975) found that 

enhanced shoot growth was not only the result of increased photosynthesis, 

but also of a redistribution of photosynthates within the plant. If some 

growth regulators are capable of altering the normal pattern of 

photosynthate allocation, would they not be able to alter the distribution 

of compounds other than carbohydrates, such as minerals and amino acids? 

If this hypothesis was true, then it could explain why lower needle 

nitrogen contents were recorded for all growth regulator treatments 

excluding the control. However, this certainly needs further study to be 

substantiated. 

Some of the reports in the literature indicate that the use of 

gibberellins and cytokinins resulted in a decrease in the dry weight of 

shoots, even fresh weight sometimes (Roberts et al., 1963; Bilan and Kemp, 

1962; Roscina, 1965). Others report an increase (Dixon et al., 1984). 

It is difficult to make any clear-cut conclusions, as most reports on the 

oven-dry weights of seedlings at the end of experiments do not take into 

account the initial weights of the seedlings. However, the change in 

oven-dry weight, whether it be a decrease or an increase, could be a 

function of the concentration of the growth regulators used. Dixon et al. 



(1984) reported the increase at relatively low concentrations (50 ppm GA 

or BA), while the decrease reported by Lewis and Haun (1975) was 

negligeable until the 4000 ppm concentration was exceeded. 

The effect of GA and BA on branching, as mentioned earlier, was 

difficult to assess, as the variability in the results was great. This 

variability could have been due, in part, to a variation in the genetic 

constitution of the seedlings used in the experiment. However, it is a 

known fact of plant physiology that, although BA (and all cytokinin 

substances) has the ability to release buds from apical dominance, these 

buds will fail to elongate unless adequate amounts of auxin are present. 

GA can substitute only partially for auxin in this role (Sachs and 

Thimann, 1967; Cohen and Shanks, 1975). Used by itself, GA would enhance 

growth at the expense of lateral branches because it promotes apical 

dominance. In this experiment, a proliferation of adventitious buds was 

observed, starting to break along the main stem when both growth 

regulators (BA and BA+GA) were used. However, the only trees that showed 

an elongation of those released buds had received the BA+GA treatments. 

What was even more interesting is the fact that most of those elongated 

buds were located close to the apical meristem (Figure 42). Bidwell 

(1974) stated that a major site of auxin production in plants is actively 

dividing meristematic tissue. This is probably the reason why the buds 

released by BA failed to elongate in (most cases) except close to the 

apical meristem where the supply of auxin was not limiting. This also may 

explain why elsewhere the effect of both growth regulators on branching 
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was negligeable, even negative sometimes, especially in cases where growth 

was severely impeded due to phytotoxicity. 

The fact that BA combined with GA was less adverse in its effects 

on growth, and that it was less lethal at high concentrations than BA by 

itself, remains a mystery. One could only speculate that when altering 

the endogenous level of hormones within some plants, alteration of the 

level of several hormones could be less disturbing than altering just one 

of them. This might be explained further by the fact that many plant 

growth regulators have antagonist effects on each other. In the case of 

BA and GA, the antagonism is in the effect on apical dominance. 

It is felt that this experiment was stopped prematurily, just as 

the rate of shoot elongation in the BA+GA treatments had started to climb 

again (Figs. 30, 32, 34 and 36). It would have been interesting to see 

whether this sudden increase was goining to be significant. 

On the other hand, in similar future experiments with eldarica 

pine, it would be interesting to experiment with the use of other types 

of gibberellic acids (GAs), such as GA3, for a lack of response could be 

due to the use of the inappropriate GA (Ross et al., 1983). Another 

future experiment would be trying several other concentrations than the 

ones used in the present experiment.Perhaps, lower concentrations applied 

more frequently would have been more effective and less phytotoxic. 

Timing is also an important factor to experiment with in future growth 

regulator application studies in eldarica pine, and it could not be 

over-emphasized. 
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All this emphasis placed on the effect of growth regulators on 

vegetative growth should not overshadow another important purpose for 

their use, namely the promotion of early flowering in order to speed up 

the process of tree breeding and testing new superior genotypes. This is 

mostly within the realm of gibberellins, as appears from the review by 

Pharis and Kuo (1977). 

Concerning the different nitrogen fertilizer regimes used in this 

experiment, failure to detect statistically significant effects could have 

been due to the fact that the potting mixture was not nitrogen-poor; 

therefore, nitrogen was not a limiting factor to growth to begin with. 

However, it is felt that the lower but more frequent concentration of 

nitrogen (10 ppm applied at each irrigation) was better, although this 

was not statistically substantiated, but the results of some of the 

previously mentioned tables and graphs suggest so. Future experiments 

should use nitrogen-poor potting mixtures if the nitrogen-growth regulator 

interaction is to be further investigated. 



SUMMARY AND CONCLUSION 

A study of the effect of cytokinin-1ike and gibberellin-1 ike growth 

regulators and different nitrogen fertilizer regimes on the vegetative 

growth of eldarica pine was carried out for ninety days in a greenhouse. 

The study revealed that growth regulators did have a significant effect 

although this effect was not overwhelmingly a favorable one. The 

different nitrogen application frequencies and levels used were not 

statistically significant, by themselves, in their effect on growth of 

eldarica pine, probably because the potting mixture used in this 

experiment had sufficient nitrogen to start with. It is felt that the 

effects exhibited by„the growth regulators could have been different had 

the study extended over a longer period of time and had different 

concentrations and application frequencies of the chemicals been used. 

Rates higher than 500 ppm should be avoided as they proved to be 

potentially phytotoxic. Perhaps, substantially lower and more frequent 

application rates could prove to be more beneficial in future experiments. 

Also, different types of gibberellic acids should be tried to find the one 

which is the most appropriate for eldarica pine. Finally, more should be 

done in the area of timing the growth regulator applications as this can 

considerably increase their effectiveness. 
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