
RESPONSE OF ALFALFA TO FOLIAR APPLICATIONS OF LON~IN 
FATTY ACIDS OR SEED TREATMENTS WITH CHEVRON IE-lOIS 

by 

H. Scott Stadler 

Thesis submitted to the Faculty of the Virginia Polytechnic 
Institute and State University in partial fulfillment of the 
requirements for the degree of 

MASTER OF SCIENCE 

in 

Plant Pathology, Physiology, and Weed Science 

APPROVED: 

/} '/7/J!~ 
--~~--------------D.M. Orcutt, co-Chairman V.C. Baligar, co-Chairman 

March, 1987 

Blacksburg, Virginia 



/ 

{ 

LD 

'~q"'''-' ""', . 1 ..... ~.~ .. ,; 

1987 
S' 71:;" 



Response of Alfalfa to Foliar Applications of Long-ChaiD Fatty 
Acids or Seed Treat.ents with Chevron lE-lOI9 

By 

H. Scott Stadler 

Committee Chairmen: Dr. D.M. Orcutt, Dept. of Plant Pathology, 
Physiology. and Weed Science and Dr. V.C. Baligar, USDA/ARS 
Appalachian Soil and Water Conservation Laboratory, Beckley, WV. 

Abstract 

Forage crops grown in many parts of the Appalachian region 

are restricted in yields as a consequence of shallow soils, low 

levels of essential nutrlents, toxic levels of aluminua, and low 

pH. Therefore, the successful growth of alfalfa in these regions 

is dependent on either changing existing edaphic conditions or 

modifying the plant physiologically so as to improve nutrient 

acquisition and utilization. The purpose of the preseat study 

was to determine if chemicals reported to possess growth regula-

tory properties affect nutrient uptake and utilization and how 

such effects are manifested in the plant. 

In the first series of experiments, foliar sprays containing 

10 mM CaCl2 with or without tetracosanoic acid (C-24), hexacosa-

noic acid (C-26), triacontanoic acid (C-30), or dipalmitoyl phos-

phatidic acid (DPA) were ineffective (p=O.05) in enhancing 

alfalfa (Medic~o sativB, Arc) shoot or root biomass when applied 

to 21 and 28 day-old plants. DPA treatments also had DO effect 



(p=0.05) on the leakage of Ca2+, K+, Mg2+, and P04 3 - from foliar 

leaf discs. Foliar treatments containing either 10 aM CaC12 + 

DPA or 10 mM CaC12 were effective in increasing shoot biomass in 

plants grown in solution culture containing suboptimal levels of 

calcium and phosphate. The increased biomass, however, was 

attributed to calcium supplementation rather than the effect due 

to DPA. 

The second series of experiments evaluated the effect of seed 

treatments with the growth retardant XE-1019 «p-chlorophe

nyl)-4,4-dimethyl-2(1,2.4-triazol-l-yl)-1-penten-3-ol) on alfalfa 

growth, chlorophyll concentration, ionic leakage, nutrient 

uptake, and root nodulation. Seed treatments resulted in plants 

with significantly reduced (p=O.05) shoot and root biomass and 

thicker greener leaves. Quantitation of leaf chlorophyll indi

cated that the seed treatments caused significant increases 

(p=O.05) in both chlorophyll a and b concentration at initial 

growth stages. After six weeks, no significant differences in 

chlorophyll concentrations were detected. XE-I019 had no appar

ent affect on leaf membrane permeability or transport since no 

significant differences (p=O.05) were detected in the leakage of 

Ca2+, K+, Mg2+, and P043- from foliar leaf discs. However, whole 

plants treated with XE-1019 depleted significantly (p=O.05) 

higher amounts Ca2+, K+, Mg2+, and P04 3 - from hydroponic 

solutions on a per centimeter root basis. On a per plant basis, 

untreated plants absorbed greater quantities of the assayed 
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nutrients. The presence of XE-1019 in the rhizosphere was not 

deleterious (p=O.05) to the inoculation of the root with ~izo

blUlJ1 1I1elilotl and the subsequent formation of root nodules. Seed 

treatments with XE-1019 also had no effect on the cultured growth 

of ~izobium meliloti strains l02F34a, l02F51a, l02F66d, and 

l02F77b. 
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Chapter I 

Introduction 

Forage crops grown in many parts of the Appalachian region 

often fail to produce reasonable yields. Shallow soils, low lev

els of essential nutrients, toxic levels of aluminum, and low pH 

are the primary reasons for poor productivity in this region. 

Forage legumes, such as alfalfa (Nedic~o sativa) present a 

greater problem with respect to productivity when grown in Appal

achia. Normally, alfalfa growing in well-drained, pH-neutral 

soils can produce 2600 kg/ha/harvest within a four-harvest grow

ing season. However, the productivity of alfalfa grown in unlimed 

acidic soils is often reduced to a single substandard harvest 

during a similar growing season. 

Some cultivars of alfalfa are extremely sensitive to soil 

aluminum with 18 uM exchangeable Al reducing shoot dry weight by 

fifty percent (Andrew and Vanden Berg, 1972). Central Appala

chian soils often exceed 18uM with concentrations ranging as high 

as 90 uM exchangeable Al in surface horizons (Wright and Wright, 

1986). The primary effect of aluminum toxicity on plants is root 

damage (Andrew and Vanden Berg. 1972). Clarkson (1965, 1966) 

reported that aluminum inhibited mitosis and elongation in adven

titious roots of Allum ceps, resulting in reduced root surface 

area. This reduction in area results in the reduced access of 
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access of essential nutrients by the root system as well as 

the uptake of specific nutrients such as calcium and phosphate 

(Foy, 1964). Aluminum also contributes to the poor availability 

of calcium and phosphate in Appalachian soils due to the forma

tion of insoluble precipitates such as aluminum phosphate in the 

soil solution and root free spaces (Brady, 1974). This precipi

tate not only reduces both calcium and phosphate uptake but also 

results in nutrient deficiencies within the plant. It is impor

tant to note that these deficiencies are caused by low pH and 

toxic levels of aluminum and manifest themselves in the shoot and 

root as calcium and phosphate deficiency symptoms, mainly stunted 

red colored shoots. premature leaf senescence, and root deterio

ration (Foy, 1964). 

Therefore, the successful growth and development of alfalfa 

in central Appalachian soils would seem dependent on either 

changing edaphic conditions which limit productivity or by modi

fying specific physiological parameters such as nutrient uptake 

which would allow the alfalfa plant to better accomodate acidic 

soils and aluminum toxicity. 

The purpose of the present study was to investigate the lat

ter of these two alternatives through the use of new compounds 

reported to have growth regulatory properties. Substances which 

increase shoot and root biomass achieve this result by affecting 

the plant's ability to access, to absorb, to partition, and to 

efficiently utilize nutrients and resources (Anghinoni, et al., 

1981). These changes could enable alfalfa to better access and 
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utilize the nutrients which are available in soils where aluminum 

toxicity and low pH are a problem; thereby increasing the produc

tivity of the forage crop. 

The first class of compounds investigated were long-chain 

fatty acids. In 1984, Welebir reported that foliar applications 

of calcium and long-chain fatty acids markedly enhanced the yield 

of several forage species including alfalfa. Based on Welebir's 

results, the first objective of this study assessed the effec

tiveness of three long-chain fatty acids and calcium over a wide 

concentration range on alfalfa shoot and root growth as well as 

membrane stability. 

The second objective of this study was to assess the 

effectiveness of a chemical growth retardant developed by the 

Sumitomo Chemical Company LTD. and under field evaluation by the 

Chevron Chemical Company called XE-1019 [(E)-(p-chlorophenyl)-4,4 

dimethyl-2-(1,2,4-triazol-l-yl}-1-penten-3-ol)]. The use of 

XE-IOI9 on alfalfa was warranted because other crops such as 

wheat (Triticum vulgare Tyler) grown from seeds treated with 

XE-I019 exhibited increased shoot and root biomass (Orcutt, per

sonal communication). These increases in shoot and root growth 

could enable plants to better tolerate thin soil and suboptimal 

nutrient conditions present in Appalachia. Therefore, seed 

treatments of XE-1019 were evaluated for their effect on alfalfa 

membrane stability, shoot and root growth, leaf chlorophyll con

tent, and root uptake of calcium and phosphate from a nutrient 

culture solution. 
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Consequently, the evaluation of the effect of either 

foliarly applied long-chain fatty acids and calcium or XE-1019 on 

alfalfa growth, may give insight into which properties possessed 

by growth regulatory chemicals could be used to enable plants to 

better tolerate poor soil conditions. 



Chapter II 

Literature Review 

Alfalfa Introduction and Develo~nt of the Arc Cultivar 

History of alfalfa in the United States 

Bolton et al. (1962, 1972) stated that alfalfa (Med1c~o 

sativB L.) was introduced to North America by the Spaniards who 

first began cultivation in Mexico and Chile. Alfalfa was later 

transported to California by missionaries, where production was 

reported as early as 1836 (Stewart, 1926). In the eastern United 

States alfalfa was primarily introduced by colonists from 

Europe; however, the eastern soils proved too shallow and acidic 

to sustain alfalfa crops. Consequently, by 1899 only one percent 

of the alfalfa grown in the United States was grown east of the 

Mississippi river (Bolton, et al., 1972). 

Release of the Arc Cul ti var 

In 1974, the United States Department of Agriculture released 

the Arc cultivar which possessed resistance to bacterial wilt 

(Corneybscterium insidiosllDl) , the spotted alfalfa aphid (Acyrtho

siphon pi s on) , as well as anthracnose (Colleotrichum trifoii). 

This cultivar was the product of over forty years of breeding 

research selecting for a variety of alfalfa best suited for 

growth in the southern Appalachian climate (Devine et 81., 1977). 
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Yield Characteristics of Arc 

The forage yield of Arc is superior to other cultivars grown 

in Virginia. These yields can be attributed to Arc's vigorous 

spring growth resulting in high first harvest productivity as 

well as resistance to diseases and insect pests which would 

diminish later yields during the course of a growing season 

(Devine et al., 1977). Reports by Devine et al. (1977) indicated 

that the Arc cultivar consistently produced higher yields than 

other cultivars commonly used in Virginia as illustrated in the 

following table: 

Table 2.1 Yield characteristics of several alfalfa cultivars 

Yield at l2-percent moisture 

(MT/ha) 

Entry 1971 1972 1973 Average 

Arc------------------- 13.03 13.93 11.31 12.77 

Cherokee----------------- 13.12 13.17 9.67 11.98 

Dupuits----------------- 12.32 13.28 8.55 11.38 

Florida 66--------------- 11.13 11.33 8.33 10.25 

Saranac------------------ 12.18 13.03 9.74 11.64 

Team--------------------- 12.49 14.26 10.66 12.47 

Weevilchek--------------- 12.61 12.83 11.06 12.14 

Williamsburg 13.28 13.66 10.61 12.52 

------------------------------- ------------
LSD (0.05) 0.40 0.58 0.58 

-----------------------------------------------------------------Seeded 4-9-70; three harvests per year. Devine et a1., 1977. 
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Nutritional and functional roles of calciua 

Calcium nutrition of alfalfa 

Alfalfa requires large amounts of calcium. Brown (1961) 

estimated that one ll-MT harvest of alfalfa would remove approxi

mately 91 kg of calcium from the soil. Tissue concentrations of 

calcium in alfalfa vary from 0.8 to 4.97 percent on a shoot dry 

weight basis depending on the temperature at which the alfalfa 

is raised and the height of the crop from the crown. Generally, 

alfalf~ raised in cooler ·temperatures contains higher calcium 

concentrations as do younger tissues further from the crown 

(Smith, 1970). 

Sources of CalciUll 

The major source of calcium for soil supplementation comes 

from dolomitic and calcitic limestone. Amounts of lime (CaO, 

Ca(OH)2, and CaCOa) for supplementation vary depending on soil 

pH, composition, and parent material; however, acidic soils may 

require lime applications of 5.6 MT/ha one year prior to alfalfa 

seeding (Rhykerd and Overdahl, 1972). 

Causes and symptoms of calcium deficiency 

Poor yields of alfalfa due to calcium deficiency can be 

attributed to both plant and soil parameters that are difficult 

to assess in the field (Bolton, 1962). In the plant, calcium 

deficiencies often create other nutrient deficiencies whose symp

toms are more visible than those of calcium. However, nutrient 
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culture research has indicated that symptoms of calciua defi

ciency in alfalfa include poor root growth, browning of root 

tips, thin weak stems, and loss of drought and cold tolerances 

(Bolton, 1962). In the soil, calcium availability to the plant 

is dependent on soil composition, calcium content of the soil and 

soil pH. 

Lime additions are primarily used to re-establish optimal 

soil calcium levels. These additions not only increase soil 

calcium concentrations but also increase soil pH thereby allev

iating poor alfalfa growth. Reductions in soil calciua often 

result in an acidification of the soil. Under these acidic con

ditions, pH < 5.0, toxic levels of aluminum and manganese can 

occur. These increased levels of aluminum and manganese reduce 

the availability of many essential nutrients due to the formation 

of insoluble precipitates (Brady, 1974). 

Calcium and nodule formation 

An acidic soil pH is also detrimental to alfalfa nodule for

mation. Munns (1965) reported that acidification of the soil 

significantly reduced the number of nodules on alfalfa roots. 

Acidic soils also contain reduced molybdenum concentrations which 

directly affect the nitrogenase activity of ~izobium.eliloti 

thereby reducing the ability of the bacteria to fix atuospheric 

ni trogen. Furthermore, Munns' (1965) research also suggested that 

calcium may play a role not related to pH in nodulation as sig

nificant increases in nodule numbers were found in soils amended 
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with calcium carbonate as opposed to potassium carbonate. 

Uptake of calciu. in plants 

The calcium concentrations in most temperate soils varies 

between 3.4 and 14 mM (Bangerth, 1979). The abundance of calcium 

in the soil indicates that the transpiration pull of plants is 

sufficient to induce mass flow of calcium to the root surface 

(Barber and Ozanne, 1970). At the root surface, calcium enters 

the free space of the root by diffusion or displacement exchange 

(Bangerth, 1979). 

The movement of calcium from the root free space to the 

cytoplasm is a slow process. A suberized casparian strip sur

rounds all endodermal cells in the stele and prohibits the 

movement of calcium directly from the root free space to the 

xylem. Consequently, nutrients in the root apoplast must cross 

the endodermal cell membranes before reaching the xylem. This 

mechanism allows for the selective uptake of nutrients. Apo

plastic calcium concentrations in the root are generally 100 uM 

or higher, however, symplastic concentrations of calcium rarely 

reach above 1 uM illustrating the degree of regulation in calcium 

uptake (Bygrave, 1978). 

The uptake of calcium across cell membranes is believed to be 

a passive process. Mettler and Leonard (1979) reported that the 

uptake of calcium into tobacco protoplasts did not significantly 

decrease when metabolic inhibitors such as 2,4-dinitrophenol. 

oligomycin, or N,N'-dicyclohexyl-carbodiimide were added to the 
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bathing medium. It is important to note that the passive uptake 

of calcium may still utilize a carrier mechanism and consequently 

obey the laws of saturation kinetics with the stipulation that 

metabolic energy is not utilized in the uptake process. In con

trast, calcium extrusion from plant cells is an active process. 

Marme' (1983) reported that carrot protoplasts actively extrude 

calcium thus maintaining micromolar calcium concentrations in 

the cytosol. Utilizing the calcium ionophore, A-23l87, Marme' 

detected the rapid movement of calcium into the cytoplasm until 

equilibrium was established. A-23l87 functions to make the mem

brane freely permeable to calcium, suggesting that cells actively 

move calcium against a concentration gradient. It is conceivable 

that cations such as calcium could move against a concentration 

gradient if the electropotential of the surrounding media were 

sufficiently negative. However, data from Higginbotham et al. 

(1967) indicated that transmembrane electropotentials were not 

favorable for the net movement of calcium towards the outside of 

the cell. The rate of calcium uptake is greatly influenced by the 

size and the age of a plant (Anghioni et al., 1981). Bangerth 

(1979) reported that calcium uptake in plant roots was mainly in 

the younger meristematic regions of the root which had not fully 

developed a casparian strip. This correlates well with data pre

sented by Baligar (1985) in which the maximum uptake rate (!max) 

of calcium decreased from 0.26 to 0.10 picamoles em-I sec- 1 in 30 

and 40-day-old wheat plants (Triticum sestivum L.) respectively. 

Baligar (1985) also reported that the selectivity of the wheat 
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roots for calcium (Ra) also decreased with age from 9.35 uM cal

cium in 30-day-old plants to 1.15 uM calcium in 40-day-old 

plants. 

Legumes have a higher functional requirement for calcium than 

do cereals such as wheat. Loneragan and Snowball (1969) reported 

that alfalfa maintained much higher calcium uptake rates than 

wheat (cv. Gabo) with depletion from nutrient solutions contain

ing 1 mM calcium at the rate of 11.3 umol calcium gram- 1 

root fresh weight day-l. In comparison, Loneragan and Snowball 

reported that wheat plants depleted only 2.4 umol calcium 

gram- 1 root fresh weight day-l in similar nutrient solutions. 

Bffect of growth regulators on calciua uptake 

Calcium uptake is dependent on the amount of meristematic 

tissue in the root, the transpiration rate of the plant, and the 

growth demand of the plant (Foy et al., 1979). Compounds which 

alter these specific plant parameters would also influence cal

cium uptake. Cooke (1957) reported that bean plants (Phaseolus 

vulgaris L.) treated with foliar applications of 

2,4-dichlorophenoxyacetic acid, (2,4-D) exhibited a large and 

rapid increase in the uptake of calcium, potassium, and sulfate. 

However, after three hours, the same plants also exhibited poor 

uptake for all nutrients. An explanation of the apparent contra

diction in Cooke's data can be found in the mechanism of action 

of 2,4-D. 2,4-D functions to rapidly accelerate the metabolism 

of many broadleaf species; increasing cell division, phloem load-
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ing, and ethylene production. Therefore the enhanced calcium 

uptake immediately after a 2,4-D application occurs because of 

the increased metabolic demand by the plant. The decrease in 

nutrient uptake 2-3 hours later is the result of the failed meta

bolic systems in the plant. 

The acropetal transport of calcium is reported to be enhanced 

by either cytokinin or succinic acid-2,2-dimethylhydrazide (SADH) 

(Seth and Wareing, 1967). However, no evidence suggests that 

growth regulators stimulate the basipetal movement of calcium 

(Marschner and Richter, 1973). This explains why root meristems 

die if not surrounded by an adequate supply of external calcium. 

Foliar Uptake of Calcium 

The uptake of calcium through the foliage is limited by the 

penetrability of the cuticle (Hull et al., 1975). The cuticle is 

composed of long-chain fatty acids, waxes, and polyga!acturonic 

acids. The long-chain fatty acids comprise the framework of the 

cuticle forming a three dimensional network by linking together 

with ester and peroxide bonds (Martin and Juniper, 1910, Reed, 

1977). The penetration of the cuticle by calcium and its 

subsequent absorption into the leaf is highly pH-dependent. 

Jyung (1959) reported that at pH 3 only 68% of the foliarly 

applied calcium was absorbed; however, over 97% of the foliarly 

applied calcium was absorbed when the solution pH was raised to 

6.0. Orgell (1957) reported that the cuticle would be more nega

tively charged at a higher pH which would allow for greater bind-
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ing of the calcium to the cuticle. This would appear to support 

Jyung's data, however Jyung pointed out that adhesion of calcium 

to the cuticle does not constitute absorption of calcium by the 

leaf tissue. Calcium absorbed by the leaf tissue was found to be 

immobile indicating that the foliar application is not an effec

tive mechanism to supply calcium to the plant (Biddulph. 1960, 

Marme', 1983). 

Meabrane stability 

Calcium elicits a stabilizing effect on plant membranes. 

Early reports by True (1914) indicated that 1 mM concentrations 

of external calcium were necessary to maintain root meBbrane 

selective permeability and to prevent membrane leakage caused by 

distilled water. Ultrastructural evidence for the role of cal

cium in membrane stability came from Marinos (1962) in which mem

branes of barley (Hordeum vulgare L.) shoot apices grown in a 

calcium deficient medium exhibited extensive disruption of the 

plasmalemma and the mitochondrial membrane. Interestingly, the 

disruption of root cell membranes due to calcium deficiency can 

be reversed with exogenous applications of calcium (Poovish and 

Leopold, 1976). Torprover and Glinkna (1976) reported similar 

results in which betacyanin leakage from root disks was reduced 

with increasing concentrations of calcium in the bathing medium. 

More recent studies by Duzgunes and Papahadjopoulos (1983) 

indicate that calcium reduces membrane leakage by forming a bond 

with the acidic phospholipid constituents of the membrane 
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bilayer. The interaction between calcium and the negatively 

charged phospholipid heads induces a phase shift in tbe fluidity 

characteristics of the membrane from a more fluid liquid state to 

a more stable crystalline state. This phase shift functions to 

decrease the lateral fluidity of the membrane due to the close 

packing of the membrane constituents and subsequent steric hin

drance. 

The close packing of the membrane as a result of calcium

induced crystalline phase has also been reported to activate pro

teins integrally located in the membrane (Silvius and McElhaney, 

1980). Interaction between membrane-bound proteins and charged 

constituents of the membrane promotes conformational changes in 

the protein favoring a more active state (Silvius and McElhaney, 

1980) . 

Protein activation by calcium-membrane interactions is also 

related to changes in membrane potential. McLaughlin and Brown 

(1981) found that calcium bound to membrane surfaces greatly 

influenced the net surface potential of the membrane. These 

changes could affect not only integral protein conformations but 

also the movement of other ions across the membrane in a charge 

selective manner (Ohki, 1978). 

Influence of calciu. on enzy.e regulation 

The role of calcium as an enzyme regulator was a controver

sial topic in the late 1960's. Enzymes dependent on calcium for 

activation or inhibition required millimolar levels of calcium in 
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the reaction media. Takaji and Isemura (1965) reported that 

enzymes such as amylase required millimolar levels of calcium in 

order to stabilize the enzyme's configuration in a more active 

state. However, Higginbotham et al., (1967) reported that concen

trations of ionic calcium in the cytoplasm could only reach micro

molar levels. Cytoplasmic levels of ionic calcium higher than 

10-6 M were found to be toxic due to the formation of calcium 

phosphate precipitates. 

The discrepancy between the millimolar levels of calcium 

required for enzyme activation and the micromo1ar levels of cal

cium found in vitro was resolved by Cheung's discovery of calmod

ulin in 1967. Cheung (1970) reported that when calmodulin was 

included in the enzyme assay media, micromolar levels of calcium 

were sufficient to fully activate phosphodiesterase and many 

other calcium-dependent enzymes in animal tissues. However, it 

was not until 1977 that Kimoto and Miyachi identified a calmodu

lin dependent NAD-kinase in plant tissues. Further investiga

tions by Anderson and Cormier (1978) and Marme' (1982) have shown 

that many plant enzyme systems thought to be calcium mediated 

were actually controlled by the regulator protein calmodulin, 

including: NAD-kinase, microsomal calcium-ATPase, and other cal

cium transport enzymes. Currently, researhers are re-evaluating 

many plant metabolic processes in order to determine whether they 

are calcium or calmodulin regulated mechanisms. Such processes 

include growth responses to growth regulators such as cytokinin, 

auxin, and gibberellic acid (Elliot et al., 1983), deferral of 
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leaf senescence (Leshem et al., 1983) and the photosystem II oxy

gen evolving complex (Carpentier and Nakatani, 1985). 

Structural role of calciua 

Plant cell walls contain a large proportion of total plant 

calcium (Foy and Christensen, 1979). The function of calcium 

within the cell wall is to provide cohesion of the cell wall mat

rix and middle lamella. This is achieved by the bonding of cal

cium to~-1,4 linked galacturonic acid to form calcium pee-

tate. Calcium pectate is the cellular cement in higher plants 

which unifies the cell wall matrix (Goodwin and Mercer. 1983). 

Suboptimal concentrations of calcium affect cellular growth by 

limiting enlargement. Burstrom, (1968) reported that cell growth 

occurred as a two stage process in plants. The first stage, cell 

wall loosening, is caused by auxin-induced proton movement and is 

inhibited by calcium. The second stage, cell expansion, utilizes 

turgor pressure to expand the cell and requires that adequate 

calcium levels be present to complete cell wall formation. Poor 

cell wall formation, would not produce sufficient turgor pressure 

to expand existing cells resulting in reduced elongation as 

described by Bennett-Clark (1956). 

Nutritional and functional role of phosphorus 

Phosphorus Dutrition of alfalfa 

The phosphorus requirement of alfalfa occupies 8 narrow range 

between 0.2 to 0.6 percent phosphorus on a dry weight basis. 
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Levels below 0.2 percent have been found in alfalfa, however, 

plants growing at this level of phosphorus were unhealthy and 

produced poor yields (Bickoff et al., 1972). 

Sources of phosphorus 

Terman et al., (1960) found that supplementation of phospho

rus deficient soils with 336 kg P20s/ha once every four years 

produced better alfalfa yields than split applications of 84 kg 

P20s/ha annually. Following phosphorus supplementation, total 

protein in shoots and leaves increased by 1 to 2 percent (Alex

ander and McCloud, 1962), whereas shoot dry weight was found to 

increase by a more significant rate (Rhykerd and Overdahl 1972). 

Phosphorus deficiency ay.ptams in alfalfa 

Suboptimal concentrations of phosphorus « 0.2~ dry weight) 

were found not only to decrease shoot dry weight, but also root 

area and root dry weight (Schnappinger et al., 1969). Visible 

symptoms of phosphorus deficiency in alfalfa are characterized by 

a purple coloring of adaxial leaf tissue, stems, and vascular 

bundles. Metabolically, phosphorus deficiencies have been found 

to interrupt protein synthesis in alfalfa resulting in increased 

concentrations of arginine, glutamine, and asparagine; whereas 

glutamate concentrations have been found to decrease (Gleiter and 

Parker 1957). 

Uptake of phosphorus in plants 

Many soils in the eastern and southeastern United States are 
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phosphorus deficient. Barber et ale (1963) reported that in 135 

representative soils, soil solution phosphate was never higher 

than 8 tiM. In low phosphate soils, plants with a larger root 

surface area are able to take up more phosphate than plants with 

low root surface area. Itoh and Barber (1983) reported that root 

hairs contribute greatly towards total phosphate uptake in Rus

sian thistle (Sa1s01a ka1i) suggesting that root hairs are a 

primary mechanism by which absorptive surface of the root could 

be increased. 

Other plants such as sorghum (Sorghum vulgare) obtain suffi

cient phosphate by acidifying the soil and releasing phosphate 

which was chelated to organic matter or in an inaccessible form 

such as apatite (Brown et al., 1977). In an available form, 

inorganic phosphate (Pi) moves to the root by diffusion, mass 

flow, root interception (Nye and Tinker, 1969). At tbe root 

surface, Pi enters the apoplastic space which creates a deficit 

of Pi at the root surface. This deficit of Pi at the root 

surface establishes a diffusion gradient in the soil solution 

which brings additional Pi to the root surface (Olsen and Kemper, 

1968). 

The movement of phosphate across membranes is an active pro

cess (Higinbotham et al., 1967) involving a proton cotransport 

system (Beever and Burns, 19BO). Using the ATPase inhibitor, 

antimycin, Cockburn et. al. (1975) reported the transport of 

phosphate into yeast (Saccharomyces sp.) resulted in the alkali

nization of the external medium lending support to the cotran-
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sport theory. 

The identity and composition of the carrier for phosphate 

transport into cells is unknown (Clarkson, 1984). However. it is 

apparent that the phosphate carrier is sensitive to external con

centrations of phosphate. Lee (1982) reported maximua uptake 

rates (Vmax) of 0.48 umol phosphate gram- 1 fresh weight hour-: in 

barley grown under low phosphate conditions as opposed to a Vmax 

of 0.26 umol phosphate gram- 1 fresh weight hour- 1 for plants 

growing under luxury phosphate conditions. Lee also reported Km 

values of 4.9 umol phosphate for the low phosphate plants as 

opposed to 6.6 umol phosphate for the high phosphate plants, 

suggesting that the selectivity of the phosphate carrier for its 

substrate increases under low phosphate conditions. 

Explanations of the changes in phosphate carrier kinetics 

came from Epstein (1966) and Nissen (1973). Epstein (1966) 

reported that changes in carrier kinetics in response to nutrient 

concentrations were the result of the activation of separate car

rier systems within the membrane bilayer. Epstein suggested that 

at low concentrations of substrate, a high affinity low capacity 

carrier would be utilized, whereas, at high concentrations of 

substrate a low affinity high capacity carrier system would be 

utilized in order to maintain internal phosphate concentrations. 

Supporting Epstein's hypothesis, Beever and Burns (1980) reported 

the presence of two separate phosphate transport systems of dif

fering affinity in the plasmalemma of the fungus Neurospora 

crBSSB. 
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A second theory, by Nissen (1973), concluded that phosphate 

uptake involved a single phosphate carrier capable of undergoing 

multiphasic transitions depending on substrate concentration, 

membrane electronegativity, pH, and temperature. A similar 

example of a carrier complex which changes its kinetic properties 

is hemoglobin. The cooperative nature of hemoglobin allows for a 

single carrier to change its affinity for oxygen based on the 

availability of oxygen and the pH of the surrounding ,aedium 

(Stryer, 1980). 

The opposing theories of Epstein and Nissen have DOt been 

resolved. However, the existence of separate phosphate uptake 

mechanisms in Neurospora craSSB lends a great deal of support to 

Epstein's model. 

Effect of growth regulators on phosphate uptake 

The effect of plant growth regulators on phosphate uptake 

varies greatly among higher plants. Cooke et al. (1983) reported 

that foliar applications of chloromequat chloride (COC) or paclo

butrazol (PP333) significantly increased the phosphorus concen

tration in wheat shoots (Tri ticU/11 aestivum Avalon) but had no 

effect on other wheat cultivars such as Kinsman or Eclipse. Simi

larly, Castro and Malavolta (1983) found that foliar treatments 

of tomatos (Lycopersicon esculentl11lJ Miguel Perez) with CCC, 

gibberellic acid (GA) or indole acetic acid (IAA) had no signifi

cant effect on phosphate uptake. Devlin et al. (1986) reported 

that foliar applications of GA to soybeans (Glycine.aK) had no 
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effect on phosphate uptake. however, in the same study, it was 

reported that foliar applications of 2,4-D did enhance phosphate 

uptake. 

The variability of phosphate uptake in response to growth 

regulators appears to be strongly correlated to the nutritional 

status of the plant as well as the species and variety tested. 

Glass (1983) suggested that stimulation or inhibition of phos

phate uptake in plants was based on a feedback mechanism center

ing around a fixed internal concentration of specific nutrient. 

Therefore. an increase in phosphate uptake is caused by changes 

in phosphate demand in response to changes in plant growth and 

aetabolism. Compounds such as CCC and 2,4-D, which alter plant 

metabolism, may also alter phosphate uptake by changing the 

demand for the nutrient in the plant. 

Meabrane per.eabil i ty 

Plants utilize phosphorus only in the fully oxidized form 

orthophosphate (Clarkson and Hanson, 1980). Orthophosphate is 

also incorporated into phospholipids, compounds which playa 

major role in determining the structure and function of biologi

cal membranes. Phospholipids consist of a glycerol backbone 

which is esterified with long-chain fatty acids (R'and R"). The 

classification of a phospholipid is dependent on what compound 

(X) is esterified to the phosphatee (Figure 2.1). 

The most widely distributed phospholipids in plant membranes 

are phosphatidylcholine (PC), phosphatidylethanolamine (PE), 

phosphatidylglycerol (PG), and phosphatidylinositol (PI), (Simon, 
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1974). PG is located mainly in the chloroplast (Schwertner and 

Bile, 1973), whereas PE, PI, and PC are the main constituents of 

the mitochondria (Karla and Brooks, 1973) and plasma aembranes 

(Bartholomew and Mace, 1972). 

Membrane structure is determined by the physical characteris

tics of the phospholipid and protein constituents. Phospholipids 

are arranged in membranes so that the polar phosphatidic head 

groups face the aqueous medium, whereas the non polar fatty acid 

side chains are sequestered away from the aqueous medium deep 

inside the membrane bilayer (Singer and Nicolson, 1972). Pro

teins can be positioned as either peripheral or as integral con

stituents of the membrane. The interaction between membrane 

phospholipids and proteins is the major mechanism by which per

meability is regulated (Simon, 1974). 

Two important physical factors that influence membrane leak

age are dehydration and temperature. The organization of a mem

brane's phospholipid and protein constituents is dependent on the 

presence of an aqueous medium on each side of the membrane 

bilayer. 
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Figure 2.1 ~ Plant Phospholipids 
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Insufficient hydration of the membrane surface would decrease 

membrane integrity due to the loss of hydrophilic and hydrophobic 

orientation (Graziani and Livne, 1971). This loss of integrity 

would result in solute leakage and tissue death. Levitt (1980) 

reported that most higher plants die when tissue water deficits 

reach 40-90% of a plant's normal water content. 

Membrane permeability can also be influenced by temperature 

changes. Levitt (1980) reported that membrane proteins incurred 

the most damage at high temperatures due to denaturation, whereas 

phospholipids were more sensitive to temperatures above and below 

their sol-gel transition points. Steim (1972) reported that 

phase transition temperatures for pure phospholipids occurred 

between 10 and 40 C and was dependent on the type of compound 

ester-linked to the phosphatidic portion and the degree of unsat

uration associated with the fatty acid side chains. Generally, 

the greater the unsaturation of the side chains the more fluid a 

membrane will be, which depresses the phase transition tempera

ture (Tc). A lower Tc would enable a plant's membrane system to 

remain functional by maintaining its fluidity and not entering a 

crystalline phase. It is important to note that because mem

branes are composed of a wide variety of proteins and phospholi

pids, Tc is no longer a sharply defined point but a slow lateral 

transition which prevents membrane damage and allows plants to 

modify the degree of unsaturation of the fatty acid side chains 

in order to better tolerate a cool temperature (Pringle and Chap

man, 1981). 
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The role of phosphorus in plant :.etaboliSJll 

Phosphorus is a unique element in that it is capable of form

ing stable tetraoxyanions such as orthophosphate. In biological 

systems, orthophosphate is the predominant form of inorganic 

phosphorus. Orthophosphate is important in plant metabolism 

because organic compounds esterified to orthophosphate are stabi

lized by the orthophosphate structure (Clarkson and Hanson, 

1980). These organic phosphates comprise a large amount of the 

metabolic intermediates found in plants including: fruetose--

6-phosphate, l,3-diphosphoglycerate, phosphoenolpyruvate, and 

phosphocreatine (Mengel and Kirby, 1979). 

Orthophosphate is also capable of condensing to form O-linked 

pyrophosphates. Pyrophosphates can combine with adenosine (ade

nine and ribose) to form adenosinetriphosphate (ATP). ATP is the 

most utilized storage form of energy in biological systems. The 

energy stored in the pyrophosphate bond of ATP can range as high 

as -7.3 Keal/mol (Stryer, 1980). The free energy produced by 

the hydrolysis of ATP provides the thermodynamic impetus for many 

biological reactions. 

Orthophosphate is also incorporated into phospholipids which 

function as the major constituents of membranes. However, Cara

foli (1981) reported that phospholipids may also regulate cellu

lar metabolism. Calcium ATPases isolated from erythrocyte mem

branes exhibited a low affinity for ATP in the absence of calcium 

and calmodulin. However, in the presence of acidic phospholi

pids, the affinity of the ATPase for its substrate was shifted 
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back to the high affinity state. The activation of the ATPase by 

acidic phospholipids suggests that the in vivo regulation of mem

brane-bound enzymes can occur as the direct result of a change in 

membrane composition. This would provide an alternati¥e mecha

nism by which ATPase activation could be maintained during peri

ods of calcium deficiency. 

Growth Regulatory Properties of Long-Chain Fatty Acids 

Development 

In recent years, carboxyllic acids have been reported to 

possess growth regulatory properties. Davidson (1974) reported 

that partially esterified carboxylic acids containing 2 or 3 

carbon atoms functioned as an herbicide in a variety of plants. 

Similarly, Convey (1971) reported that spray applications of 

alkynyl carboxy1ates containing 5 to 16 carbon atoms killed the 

meristematic tissue in maple buds (Acer sp.). 

Long-chain fatty acids (LCFA) such as I-triacontanoic acid 

have also been investigated for growth regulatory properties. 

Jones (1979) reported that both triacontanoic and octacosanoic 

acids were ineffective at modifying plant growth. Similar 

reports by Charlton (1980) also indicated that triacontanoic acid 

was ineffective in modifying wheat seedling (Triticum aestivum, 

Durum) growth. However, We1ebir (1984) reported that combina

tions of long-chain fatty acids and calcium markedly enhanced the 

growth of many crop species. 
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The response of crops to foliar sprays containing 10 mM cal

cium and 0.22 uM triacontanoic acid included a 99% increase in 

alfalfa (Medicago sativa. Kansas) shoot dry weight, a 34% 

increase in bar ley (Hordeum vulgare, Barsoy) dry weight and a 32% 

increase in soybean (Glycine Jl1BX, Williams) dry weight .. 

The mechanism by which long-chain fatty acids and calcium 

function to enhance crop growth is not known. Welebir (1984) 

suggested that the mode of action of these foliar sprays may be 

the modification of calcium influx-efflux mechanisms, enhanced 

membrane stability, or activation of membrane-based ATPase sys

tems. Carafoli (1981) reported that long-chain fatty acids or 

acidic phospholipids could activate a specific calcium ATPase in 

erythrocyte membranes which lends support to Welebirts hypothe

sis. 

The compounds evaluated in the present study were a 24 carbon 

tetracosanoic acid (C-24), a 26 carbon hexacosanoic acid (C-26), 

and a 30 carbon triacontanoic acid (C-30). Dipalmitoyl phospha

tidic acid (DPA) was also evaluated for regulatory properties 

based on Carafoli's report that acidic phospholipids can activate 

membrane ATPase systems. 

Related compounds 

Long-chain fatty alcohols such as l-triacontanol have 

been reported to have growth regulatory properties (Hies et 

al., 1978). Chinball et al., (1933), first isolated triaconta

nol from alfalfa leaf epicuticular wax, however it was Dot until 
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the 1950's that triacontanol was evaluated for regulatory proper

ties. 

Ries (1979) and Ries et al., (1984) reported that plant 

responses to foliar applications of triacontanol varied greatly 

depending on the pH of the spray solution, spray solution mixing, 

the method of foliar application, as well as the method by which 

triacontanoic acid is synthesized. 

The inconsistent data from separate experiments employing 

identical concentrations of triacontanol and identical plant 

varieties suggests that triacontanol may not be as potent a regu

latory compound as once believed. However, Houtz et ale (1985) 

explained that many of the inconsistencies in triacontanol 

research were the result of triacontanol binding to cations pre

sent in the spray solution. This binding caused the inactivation 

of triacontanol molecule due to flocculation and settling. 

Houtz's research suggests that a standardization in triacontanol 

preparation and application be achieved before a definitive con

clusion pertaining to the growth regulatory properties of triac

ontanol can be ascertained. 

Growth regulatory effects of Chevron IE-IOI9 

Description 

(E)-(p-chlorophenyl)-4,4-dimethyl-2(l,2,4-triazol-l-yl)-1 

-penten-3-o1 (Chevron XE-1019) is an experimental growth 

retardant in the triazole alcohol family. It is produced by the 

Sumitomo Chemical Company LTD., Japan and is under field evalua

tion by the Chevron Chemical Company. XE-1019 is a white crys-
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talline solid which is stable at room temperature with B melting 

point of 159-160 C (Chevron Chemical Co., 1985). XE-I019 is sol

uble in water up to 14.3 ppm, however, organic solvents such as 

methanol, chloroform, and acetone can also be used when amounts 

larger than 14 ppm are required. 

Reported effects 

Field evaluations of XE-I019 by the Chevron company (Chevron 

Chemical Co., 1985) indicate that the compound functions pri

marily as a growth retardant reducing shoot growth and elonga

tion. Foliar sprays of XE-I019 containing 2.5 to 12.4 grams 

active ingredient/ha have been reported to increase flower bud 

formation in fruit trees, whereas foliar treatments containing 35 

to 69 grams/ha prevented lodging in cereals such as wheat, bar

ley, and rice. 

Structures 

The structure of XE-1019 is identical to (2RS,3RS)

-1-(4-chlorophenyl)-,4-dimethyl-2-(1,2,4-triazol-l-yl)

pentan-3-o1 (paclobutrazol, ICI=PP333) with the exception that 

XE-I019 contains a double bond between position 4 and 5 of the 

pentene structure (Figure 2.2). 

Mode of Action 

The mechanism by which XE-I019 inhibits shoot growth is unre

ported. However, XE-1019 may function in a manner similar to 
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PP333 based on the structural similarity of the two coupounds. 

PP333 is reported to inhibit GA synthesis by blocking the oxida

tive reactions which convert kaurene to kaurenoic acid (Jung and 

Radenmacher, 1983). Related compounds such as eee and (2'-iso

propyl-4'-trimethylammonium chloride)-5'-methylpiperidine carbox

ylate (AMO 1618) also function to interrupt GA synthesis by inhi

biting the cyclization of geranylgeranyl pyrophosphate into kaur

ene (Jung and Radenmacher, 1983). 

The stunted growth of plants in response to foliar treatments 

of PP333, AMO 1618, and ecc can be reversed with exogenous appli

cations of GA (Tukey, 1983), (Wample and Culver, 1983), (Wieland 

and Wample, 1984). Similarly, preliminary studies have indicated 

that the stunted growth of alfalfa plants (Medicago sativa Arc) 

grown from seeds treated with XE-1019 can be reversed with 

foliar applications containing 0.5 ppm GA3 (Stadler, unpublished 

data) supporting the hypothesis that XE-1019 functions in a man

ner similar to PP333 and cec. 
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Figure 2.2 Structures of IE-IOI9 and PP333 
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Methods 

Section A. Long-Chain Fatty Acid and Phospholipid Studies 

Ca.aon Methods Utilized 

All long-chain fatty acid or phospholipid studies 

employed the following methods unless otherwise stated in the 

individual experiments. 

Plant Preparation and Treat.ent 

Alfalfa (Medicago sativa L. Arc) seeds were surface steri-

lized with 10% (v/v) household bleach for 3 min followed by four 

rinses with distilled water. Seeds were then placed in germina-

tion paper and kept in a controlled environment chamber under the 

following conditions: 

Program Setting Hours PAR* Temperature Relative Humidity 

-----------------------------------------------------------------1 10.00 0 20 C 80% 
2 0.25 150 21 C 75% 
3 0.25 300 22 C 70% 
4 0.25 450 23 C 65% 
5 0.25 600 24 C 60% 
6 12.00 700 25 C 60% 
7 0.25 600 24 C 60% 
8 0.25 450 23 C 65% 
9 0.25 300 22 C 70% 

10 0.25 150 21 C 75% 

* PAR= photosynthetically active radiation as uEm- 2 sec- 1 

After seven days, seedlings were removed from the germina-

tion paper and wrapped in polyester fiber plugs. The plugs were 
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Figure 3.1 Hydroponic Growth Apparatus 
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inserted into the top of 10-L hydroponic containers (Fig. 

3.1) so that the plant root was immersed in the nutrient solu-

tiona The solution was aerated with filtered dry air and con-

tained the following nutrients: 

Nutrient 

Macronutrients 

Calcium 
Magnesium 
Nitrate 
Ammonium 
Potassium 
Phosphate 
Sulfate 

Micronutrients 

Boron 
Manganese 
Zinc 
Copper 
Molybdenum 
Iron* 
chlorine 

Concentration 

2.00 :aH 
1.00 nt-1 
2.00 mM 
0.30 JJt.1 
2.50 ~ 
0.50 JIt.f 

2.00 Jri.f 

46.0 uM 
9.0 uM 
0.8 uM 
0.3 uM 
0.8 uM 

75.0 lIM 
318.0 uM 

Source 

CaN03 
MgSO", 
CaN03 
Nli4Cl 
1\.2 SO", , KB2P04 
KH2P04 
MgS04 , h,80.Q 

IbBCb 
MnCh 
ZnS04 
CuS04 
(NH4 )sM07024 

NH4Cl, MnClz, HCI 

* Iron supplied as Fe-DTPA (Diethylene triamine pentaacetic acid) 
Solution pH was adjusted to 5.8 with either 0.1M HCl or O.lM 
NaOH. Solutions were changed weekly to maintain proper nutrient 
concentrations. 

Cc.pounds Evalua.ted 

Three long-chain fatty acids and one phospholipid were pur-

chased from the Sigma Chemical Company (St. Louis, Mo.). The 

compounds tested were tetracosanoic acid (C-24), hexacosanoic 

acid (C-26), triacontanoic acid (C-30), and dipalmitoyl phospha-

tidic acid (DPA). Structures of the compounds evaluated are pre-
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sented in Figure 3.2. Stock solutions were prepared by dissol-

ving 10 mg of the particular compound in 10 ml of trichloroethy-

lene heated to 45 C. From these stock solutions, 100 ul aliquots 

were removed and combined with 1.11 g anhydrous calcium chloride 

and dried for 24 h at 21 C in a dessicator. The final product 

consisted of a white powder which was dissolved in distilled 

water and brought to a l-L volume. 

Figure 3.2. Ca.pounds Evaluated 

Tetracosanoic Acid CHa-(CH2 )22-COOH 

Hexacosanoic Acid CFb-(CH2)24-COOH 

Triacontanoic Acid CH3-(CH2)28-COOH 

Triacontanol CH3-(CH2 )28 -CH2-QH 

Dipalmitoyl Phosphatidic Acid 

o 
tt 2 9H2 -o-c- (CH2 ) 1 4-Clb 

CFb - ( CH2 ) 1 4 -C-Q-CH b> 
CH3-o-P-OH 

I 

OH 

The final solutions for foliar application contained 10 mM 

CaC12 and a specific concentration of the test compound as desig-

nated by the particular experiment. Foliar applications of the 

test compounds were done using a chromatographic sprayer coupled 

to a flow-meter (Fig. 3.3). The propellant was dehumidified fil-

tered air which delivered 15 ml of the spray solution during the 

I min spray period. All plants in the same container received 

the same foliar treatment during the 1 min spray period. Plants 
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Figure 3.3 ChrODlBtogr&phic Spray Apparatus 
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were placed on a scale in an enclosed hood to insure that an 

equal amount of spray reached each container. As checks, foliar 

sprays containing 10 roM CaC12, distilled water or no treatment 

were also administered to separate containers of plants. The 

foliar treatments were applied at day 21 of growth. Plants were 

harvested ten days after receiving the foliar treatments and 

assessed for differences in shoot and root growth. Shout lengths 

were determined from the apical tip of the plant, whereas maximal 

root length and lateral root length were determined by separating 

the root tissue and measuring the longest root. Tissue dry 

weights were determined after drying the shoot and root samples 

at 67 C until constant weights were obtained. 

The response of alfalfa to foliar treatments containing 10 mM 

calcium chloride and the C-24, C-26, C-30, or DPA compounds was 

analyzed using a SAS General Linear Model analysis of covariance. 

Specifically, the model addressed three parameters: 1) treatment, 

which is defined as the linear intercept for a particular long

chain fatty acid, 2) concentration, which determines whether or 

not changes in slope due to concentration are statistically dif

ferent from zero, and 3) treatment-concentration interaction, 

which tests for differences in slope between treatments at the 

concentrations specified by a particular study. Consequently, 

significance at any of the three parameters would indicate that 

the foliar treatments influenced the growth of the test plants by 

either treatment, concentration, or concentration-treabient 

interaction. 
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Each foliar treatment was randomly assigned to three separate 

10 1 containers. Each container held four plants and following 

the application of the compound, the container was randomly dis-

tributed within the controlled environment chamber. Growth ana-

lyses were conducted on each container and converted to a per 

plant basis by dividing by the total number of plants (4) in each 

container. 

Expermental Design 

A preliminary study was conducted in order to determine the 

time period at which alfalfa growth was at a maximum. This 

period was utilized as the time at which the plants in the 

remaining studies were treated so that the best response to the 

foliar applications could be achieved. Plants were grown in 

110-L tanks and measured weekly for changes in shoot and root 

growth. After the preliminary study, several experiments were 

conducted as duplicate experiments to establish effective concen

tration ranges for the chemicals tested (Experiments I-IV; Tab. 

3.1). Checks for the experiments included distilled water and no 

treatment for Experiment I and 10 mM CaC12, distilled water, and 

no treatment for Experiments II-IV. 

Experiment V was conducted to determine how optimal and sub

optimal concentrations of calcium and phosphate in the nutrient 

solutions might interact with foliarly applied DPA to affect 

alfalfa growth. Four nutrient solutions were utilized in this 

study and contained the following concentrations of calcium and 



phosphate: 

Solution 

A 
B 
C 
D 
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Calcium (mM) 

0.25 
2.50 
0.25 
2.50 

Phosphate (mM) 

0.50 
0.05 
0.05 
0.50 

Checks included 10 mM CaC12 or no treatment. Differences in 

growth response were analyzed using a Duncan's Multiple Range 

test. 

An ion leakage study was also conducted on leaf tissues 

obtained in Experiment III. At day 31, eight leaf discs 8 mm in 

diameter were cut from the third and fourth trifoliates. Each 

disc contained a major vascular midrib which was unavoidable when 

cutting the discs. This midrib was consistently used as a line 

of diameter. Discs were soaked in 20 ml of distilled water for 1 

min to remove surface ions and ions leaked as a result of cut-

ting. After washing, eight discs were transferred to petri 

dishes containing 22 ml distilled water at 20 C from which 5 ml 

samples were taken every 10 min. Samples were frozen until ionic 

analysis was conducted for Ca, K, Mg, and P04 using an Applied 

Research Laboratories model 3580 (Sunland, CA) inductively 

coupled argon plasma-atomic emission spectrophotometer. 

An analysis of alfalfa growth in response to the OPA treat-

ments was done using a SAS regression model. Changes in plant 

growth in response to increasing concentrations of DPA would be 

indicated by a change in the slope of the regression line. The 
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model tested the slopes of the various growth parameters against 

a null hypothesis slope of zero using a regression t statisitc 

set at the 0.05 level of significance. 

Ionic leakage from the leaf discs was replicated four 

times for each concentration of DPA evaluated. Linear 

regressions for Ca, K, Mg, and P04 leakage were used to determine 

if any significant correlation existed between ionic leakage and 

concentration of DPA applied. 

Table 3.1 Chemicals, concentration ranges, and chronology 

of treatments applied to alfalfa for various experiments. 

-----------------------------------------------------------------
Treatment Harvest 

Compound and Concentration (uM) Day Day 

------------------------------- ------- -------
Experiment C-24 C-26 C-30 DPA 

I 0.14 0.13 0.11 28 38 
0.28 0.26 0.22 28 38 
0.42 0.39 0.33 28 38 

II 0.28 0.26 0.22 0.15 21 31 
0.56 0.52 0.44 0.30 21 31 
1.12 1.04 0.88 0.60 21 31 
2.24 2.08 1.76 1.20 21 31 

III * 1. 5, 3.0, 21 31 
6.0,12.0, 21 31 

24.0, 48.0, 21 31 
96.0, 192.0, 21 31 

384.0, 768.0 21 31 

IV 0.28 0.22 0.15 21 31 
2.80 2.20 1.50 21 31 

V 1.50 21 31 

-----------------------------------------------------------------
*nM concentrations 



-45-

Seciton B. Studies Utilizing Chevron IE-IOI9 

Growth Analysis of NediCBlfo SBtivs in Response to Seed 

Treat~nts with Chevron XE-I019 

Thirty pots containing 1 kg Promix were seeded with 0.5 g 

alfalfa (cv. Arc) seed. Each pot was supplemented with 3 g 

Sierra controlled release fertilizer. Half the pots contained 

seeds coated with a thin powdering of XE-lOl9 in the form of a 

ten percent wetable powder. Plants were grown under greenhouse 

conditions in which the average daily temperature was 27 C and 

were watered daily with tap water. 

Harvests to compare the growth characteristics of treated and 

untreated plants began on day 21 of growth and continued weekly 

for 4 weeks. Plants were not harvested before day 21 because 

those that received seed treatments with XE-I019 did not develop 

the first trifoliate leaf until that time. Leaf area was meas

ured with a Licor model Li3000 (Lincoln, NB) portable leaf area 

meter. Chlorophyll quantitation was determined following the 

method described by Wintermans and De Mots (1956) in which the 

trifoliates weighing 25 mg from treated and untreated plants were 

completely homogenized using a glass homogenizer in 1 ml of 96% 

(v/v) ethanol. The chlorophyll extract was then placed in dis

posable 1.5 ml microfuge tubes and spun at a relative centrifugal 

force of 0.44 x lOS m sec- 2 for 1 min using a Beckman Microfuge-B 

(Palo Alto, CA). The supernatant was diluted with 5 ml of 96% 

(v/v) ethanol and measured for absorbance at 649, 665, and 730 nm 

using a Varian Cary model 2290 spectrophotometer (Sugar land, 
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TX). Shoot and root growth parameters were determined following 

the procedure described in section A. 

At day 35 of growth, leaves of plants grown from treated and 

untreated seeds were assessed for chlorophyll retention. Reten

tion was measured as the concentration of chlorophyll a and b 

leaked from intact leaf tissue during an extraction proceedure. 

Fresh leaf tissue (25 mg) was placed in screw cap tubes con

taining 5 ml of 96% ethanol (v/v). The tubes were placed in a 

water bath at 21 C and subjected to sonic frequencies of 55 KHz. 

Loss of structural integrity of the leaf was quantified as a 

function of chlorophyll leakage. Chlorophyll A and B concentra

tions were determined following the proceedure of Wintermans and 

De Mots (1956) in which the screw cap tubes were removed from the 

water bath at two minute intervals and decanted into centrifuge 

tubes. These tubes were spun at a relative centrifugal force of 

0.49 x 104 m sec- 2 for 3 min in an International Equip.ent 

Centrifuge (Needham Hts.,MA). The pellet was discarded and the 

supernatant (Needham Hts.,MA). The pellet was discarded and the 

supernatant was measured for absorbance at 649, 665, and 730 nm 

spectrophotornetrically. 

Changes in alfalfa shoot length, root length, fresh weight, 

and dry weight in response to seed treatments with XE-I019 were 

analyzed for statistical significance using a Duncan's Multiple 

Range comparison test. Chlorophyll extraction rates were meas

ured for significant differences using the SAS general linear 

model comparison of slopes and intercepts. 
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Ionic Leakage fro. Leaf Discs in Response to Seed Trest.ents 

with Chevron IE-IOI9 

At day 7 of growth, treated and untreated seedlings were 

transferred from germination paper to 10-L pots. The pots were 

placed in a controlled environment chamber and contained the 

nutrient solution described in the commom methods, section A. 

At day 35 of growth, leaf discs were cut from the third and 

fourth trifoliates of treated and untreated plants following the 

procedure and analytical methods described in section A. 

Nodulation of ~icago sativa Arc as Influenced by 

Seed Treatments with Chevron IE-lOI9 

Five grams of alfalfa seeds were surface sterilized in 10% 

(v/v) household bleach for 3 min followed by four rinses with 

sterile water. The sterile seeds were divided into two groups. 

One group was seeded directly into sixteen hydroponic pouches 

(Northrup King Co. Minneapolis, MN) containing a nitrate-free 

nutrient solution. The remaining group of seeds was soaked in 12 

ppm XE-1019 which had been filter sterilized with a 0.2 urn Milli

pore filter. Following soaking, the treated seeds were trans

ferred to identical pouches containing the same nitrate-free 

nutrient solution. The pouches were then placed in a controlled 

environment chamber maintained at the parameters specified in the 

common methods, section A. 

The nutrient solution was identical to the type described in 
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section A except that calcium nitrate was removed to provide a 

nitrate-free solution. Calcium was supplied in the form of cal

cium chloride. 

Four strains of ~izobium meliloti (Nitragin Co. Milwaukee, 

WI.) were transferred to individual tubes containing 5 .1 of the 

sterile nitrate-free nutrient solution. The concentration of 

the R. meliloti in the inoculum was 150 million bacteria ml- 1 as 

estimated by matching the turbidity of the inoculum tube with a 

one-half McFarland Standard no. 1 (Paik and Suggs, 1970). 

After three days, the emerging radicles were inoculated with 

0.5 ml of the separate ~izobium strains. Thirty days later, the 

plants growing in the pouches were harvested and assessed for 

nodule number and position based on treatment and strain of 

inoculum. The inoculum strains used were 102F34a, 102F51a, 

102F66d, and l02F77b. 

Eight replicates of each strain and treatment were prepared 

and analyzed for statistical differences in nodule number on a 

per plant basis using a Duncan's Multiple Range test. 

In a second study, the four strains of R. meliloti were 

individually assessed for sensitivity to XE-1019. The strains 

were inoculated onto petri dishes which contained a mannitol agar 

composed of the nutrients outlined in table 3.2. 

Immediately after inoculation, a sterile disc containing SO 

ul of either 0, 3, 6, 9, or 12 ppm (0, 10, 20, 30, or 40 uM) fil

ter-sterilized XE-I019 was placed at the center of each petri 

plate to assess the sensitivity of the four strains to the test 
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compound. Sensitivity was determined by the presence of a zone 

of inhibited growth of R. meliloti around the disc containing the 

XE-IOI9. Each strain and concentration of XE-I019 was repli-

cated on five separate petri plates. 

Table 3.2 Composition of medium used for the growth of 
~izobium meliloti 

Component Stock Solution Amount Added to one 1 H2O 

sterile water 1.0 1 
mannitol 10.0 g 
MgSD4.7 H2O 0.3 M 1.0 m1 
CaC12.2 H2O 0.3 M 1.0 ml 
KHzP04 0.5 M 1.0 ml 
K2HP04 0.5 M 1.0 ml 
Na-glutamate 1.1 g 
Ferric EDTA O.IM 1.0 ml 
KCl 10.0 mM 1.0 ml 
MnC12 1.0 nt-1 1.0 ml 
ZnS04.7 H2O 0.4 mM 1.0 ml 
CuC12 0.1 mM 1.0 ml 
N82Mo04 20.0 uM 1.0 ml 
CO(N03)2 2.0 uM 1.0 ml 
thiamine 4.0 uM 1.0 ml 
Cs-pantothenate 2.0 uM 1.0 ml 
biotin 0.4 uM 1.0 ml 
Agar 14.0 g 

Growth and Nutrient Uptake in Alfalfa Grown from Seeds 

Treated with Chevron XE-I019 

Five grams of alfalfa seeds were surface sterilized with 10% 

(v/v) household bleach for 3 min and rinsed four times with dis-

tilled water. The seeds were divided into two groups, the first 
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group receiving a thin powdering of XE-I019 in the form of a 10% 

wetable powder while the second group was untreated. At this 

time, all seeds were rolled in germination paper and placed in 

beakers containing 1 mM CaC12 and maintained in a controlled 

environment chamber. The growth conditions were the same as sec

tion A. 

At day seven of growth, the plants were removed fra. the ger

mination paper and placed in 10-L pots containing the nutrient 

solution described in section A. At day 34 of growth, the macro

nutrient concentrations were reduced to one-tenth the original 

concentration for 3 h. Micronutrient concentrations reaained the 

same throughout the experiment. After 3 h, plants in the one

tenth strength solutions were transferred to 3-1 pots containing 

distilled water for 12 h. After 12 h, the distilled water was 

replaced with the uptake solution containing 210 uM calcium, 50 

uM phosphate, 240 uM potassium, and 85 uM magnesium. All 3-L con

tainers were vigorously aerated with sintered glass aerators to 

ensure thorough mixing of the uptake solutions. 

Every four hours, lO-ml samples were removed from the solu

tions and transferred to glass scintillation vials. Sampling 

began at program 6 of the controlled environment chamber cycle 

described in section A and continued for twenty-four hours. Ten 

minutes prior to sampling, each container was brought back to its 

original volume to compensate for evapotranspiration. 

Solution samples were analyzed for ionic concentrations of 

Ca, K, Mg, and P using an inductively coupled argon plasma-atomic 
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emission spectrophotometer. Plants were harvested immediately 

after the final sampling of the uptake solution. Shoot and root 

parameters were determined following the method described in com

mon methods, section A. Total root lengths were calculated using 

the line intersect method described by Tennant (1975). The 

method called for a subsample of dry root tissue to be weighed 

and then rehydrated in a plexiglass dish and placed on a light 

table possessing a grid of 1 em x 1 em squares. The rehydrated 

roots were spread across the grid and their intersects with the 

squares were counted. The counts were converted to lengths (em) 

by multiplying the number of counts by a correction factor of 

1.57. Total root length was determined by dividing total root dry 

weight by the subsample dry weight and multiplying the quotient 

by the number of intersects detected for the subsample. 

Each 3-L pot contained 3 plants with four replications for 

both treated and untreated plants. Nutrient depletion from the 

3-L containers was fit to curves using an iterative least squares 

fit program on a Tektronix model 4054 computer. The curves gen

erated followed the equation y=ao + alebx and were compared 

statistically using a nonlinear F statistic (Draper and Smith, 

1981). Growth data was analyzed using the Duncan's multiple 

range test. 



Chapter IV 

Results and Discussion 

Section A. Long-chain Fatty Acid and Phospholipid Studies 

In a preliminary study, alfalfa plants displayed the most 

rapid period of biomass accumulation at day 21 of growth (Figures 

4.1-4.3). During this period, shoot and root weights increased 

substantially, whereas shoot and root lengths increased more rap

idly at day 28. This study indicated the appropriate growth 

stage at which to apply the foliar treatments. Consequently, 

foliar applications were made at either day 21 or day 28 in order 

to achieve the greatest response to the test compounds. In exper

iments I-IV, foliar treatments containing 10 mM CaC12 and either 

tetracosanoic acid (C-24), hexacosanoic acid (C-26), triaconta

noic acid (C-30), or dipalmitoyl phosphatidic acid (DPA) were 

ineffective in enhancing alfalfa shoot and root biomass at the 

concentrations indicated in Tables 4.1, 4.2, 4.3, and 4.4. No 

significant differences were detected for alfalfa shoot length, 

shoot fresh weight, shoot dry weight, maximal root length, root 

fresh weight, or root dry weight in response to treatment, con

centration, or treatment-concentration interaction. However, sig

nificant increases in lateral root length were detected in 

response to both treatment and concentration in experiments II 

(P<O.005) and III (P<O.05) (see appendix A, Tables A.2 and A.3). 
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Figure 4.1 Changes in Alfalfa Shoot and Root 

Length over a 42 Day Period. Each point represents 

the mean of three replicates. 
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Figure 4.2 Changes in Alfalfa Shoot and 

Root Fresh Weight over a 42 Day Period. 

Each point represents the mean of three 

replicates. 
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Figure 4.3 Changes in Alfalfa Shoot and 

Root Dry Weight over a 42 Day Period. 

Each point represents the BleaD of three 

replicates. 
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Table 4.1 Alfnlfn growth in reRponsr to foliar sprRys contRining )0 mM 
calcium chloride and vnrying concentrations of long chain fatty acids. Experiment I. 

- - - ~~ - - -- - - - ~- -- - -. - -~ - - ~-" - - - - .~ -.. -

Shoot Growth 

Trentment Concentr~tion Stem Length FW ow 

(uM) (em) (g/plant) (<<jplnnt) 

0.14 69.0 14. 1 ~1. H 
C-24 0.28 G:1.7 12.B 3.6 

0.42 63.7 ] 6. 1 4.a 

O. l:l 63.3 19.7 5.:1 
C-26 0.2£; 50.0 12.4 3.!1 

0.3<1 75.3 19.3 5.2 

O. ) 1 65.7 18.0 4.0 
C-30 0.22 70.7 17.8 4.4 

0.33 67.3 17.8 4.6 

Control 0.00 51,3 9.7 3.6 

~--- ---

D a tap res e n ted a t- e tile mea n S 0 f t h r e ere p lie ate s . 

Max imUlI! Leng t h 

(em) 

44.0 
110.3 
40.0 

44.0 
40.3 
43.7 

42.7 
4t;.7 
41.0 

40.5 

Root Gf'owth 

Latentl FW DW 

(em) (g/pl"nl) (g/plnnt) 

35.3 
aO.3 
3:~ .0 

32.0 
2B.7 
29.7 

34. :{ 
34 . :~ 
31.1 

27.fi 

9.9 
n.7 

D.? 

J{1. 9 
10.4 
15.B 

1 :~ . 7 
10.7 
10.!1 

7.B 

2. 1 
1.9 
2. ~i 

2.8 
2.6 
2.9 

2.7 
2.2 
2.7 

2.9 

I 
01 
to 
I 



Tnble 4.2 AlfAlfa growth in response to foliar sprays contnining 10 mM 
cnlcium chloride And vnrying concentrations of long-rhein futty ncids or phospholipid. Experiment II. 

Shoot Growth 

Treatment Concentrntion Stem Length F'W ow 

(uM) (em) (g/plant) (g/plent) 

C-24 

C-26 

C-30 

DPA 

Control 

0.28 
O.5£i 
1. 12 
2.2'1 

0.25 
O.fiO 
1. 00 
2.00 

0.22 
0.4-1 
0.88 
1 . 7(; 

O. t 5 
0.30 
0.60 
] 20 

0.00 

26.5 
27.7 
30.6 
28.7 

20.0 
2fl.4 
28.0 
29. I 

27.0 
30.3 
:W.4 
26.3 

30. 1 
2fL 7 
2 ~l . :l 
31. 9 

25.9 

B.9 
9.0 
9.4 
9.4 

0.7 
8.B 
0.0 
9.5 

8.8 
10. ] 
10.3 
8.4 

11.4 
8.8 
9.6 

10.8 

8.2 

Data pre~ented ar~ the mpnns of three replicates. 

1.0 
1.1 
1.0 
1.0 

1.0 
1.0 
0.8 
1.0 

1.2 
1.2 
1.11 
0.9 

J.6 
1.0 
}.] 

1.4 

0.9 

Max i mum I.eng t h 

(cm) 

25.9 
32.4 
25.3 
27.6 

32. ;J 
~~O. 2 
28.0 
29.9 

27.3 
26.2 
28. I 
27.0 

34.2 
25.6 
28.0 
31.2 

24.4 

.~---------

Root Growth 

Let.er'a I FW lJW 

(ern) (g/plant) (g/plant) 

15.2 6.9 0.2 
2 I . :~ 7.R 0.2 
11.0 7.5 0.2 
15.3 7.2 0.2 

21 . fi 7. ] a .) 
19 7 7 0 o OJ 

10.2 7.4 0.2 
12.0 7.H 0.2 

16.2 fL 7 o '1 

10. I 7.0 0.2 
~. ,1 B.O 0.4 
B. (; 7.r-. o .-) 

27.0 7.8 0.2 
lLn 6. I 0.2 
] 2 . ~1 7.9 0.3 
25. !} 7.6 0.2 

12.2 6.8 0.2 

I 
0) 
0 
I 



TobIe 4.3 Alfalfn growth in response to foliar Aprays contoining 
10 mM calcium chloride nnd various concentrations of dipalmiloyl phusphAtidic acid. Experiment III. 

Shoot Gt'owth 

Concentration Stem Length FW DW 

(nM) em) 

0.0 35,B 
1.5 :n.o 
3.0 :ifi.2 
6.0 :W. :1 

12.0 34.9 
24.0 33.6 
'18.0 3fi.4 
96.0 :30. 1 

192.0 35.8 
384.0 311.0 
768.0 35 G 

(g/ptant) (g/plnnt) 

17.3 
14.6 
14.? 
I G. 0 
lb.7 
11.8 
12.9 
12.5 
15.7 
] B. 1 
17.9 

2 . :~ 

1.6 
1.6 
1.6 
3.0 
1.2 

1 ." 
1.3 
1.8 
3.2 
2.1 

Onto presented "r'(' the IIkans of three t'cpJ icntes 

Roo t G t' 0 w t h 

Maximum Length I.a tc r'sl FW DW 

(em) (em) (~/plflnl) (g/plnnt) 

3B.2 29.7 12.2 0.5 
36.0 27.0 9.5 0.4 
38.0 24.7 9.2 0.3 
36.6 27.0 9.7 0.3 
35.0 25.3 10 2 0.4 
31. 7 24.0 7.9 0.2 
33.7 25.7 7.6 0.2 
32.3 23.3 8.2 0.3 
37.3 28.3 9.4 0.3 
35.3 24.3 8.3 0.3 
41. 0 32.7 10.3 0.4 

I 
en 
;.-... 

I 



Table 4.4 Alfalfa growth in response to foliar sprays contnining 10 mM 
calcium chlorid(> And varying concentrations of long--chuill fatty Rcids or phospholipid. Experimt'tlt IV. 

Shoot Growth 

Treatment Concentration Stem I.f'Ilf,th FW ow 

( '-1/11 (em) (g/planl) (g/plant) 

C 24 

C"30 

OPA 

Conlrol 

O.2H 
2.BO 

0.22 
2.20 

O. Pi 
1.50 

0.00 

115.8 9.7 
50.0 11 .:: 

50.0 11.6 
4().7 12.1 

50.7 16.9 
47.3 10.5 

50.5 13.r, 

Oat apr e sen ted n r' f' the mea n S 0 f l h t' e<~ r' e p 1 i eat e s . 

1.3 
1.5 

1.5 
1.6 

1.3 
1.5 

1.8 

Hoot Gr'owth 

Muximum Length Latf"raJ fW DW 

(em) (em (g/plnnt) (glplant) 

35.3 25.3 5.5 0.3 
33. ~~ 21. :1 6.7 0.3 

:n.3 22.0 7.0 0.3 
32.8 22.0 B.n 0.4 

28.4 22. ~l 5.7 0.2 
31.0 22,0 fi.n 0.3 

33.0 2:~ .7 B 4 0.4 

.. - --. - - -_ .. 

[ 
0') 
l\.:) 

I 
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Jones et ale (1979) also reported that foliar treatments con

taining either triacontanoic acid or octacosanol had no signifi

cant effect on plant growth. Similarly, Charlton et ale (1980) 

reported that foliar applications of triacontanoic acid were 

ineffective in modifying wheat seedling (Leeds Durum) germina

tion. However, Welebir (1984) reported that foliar treatments 

containing 10 mM CaC12 and 0.22 uM triacontanoic acid markedly 

enhanced alfalfa (Kansas) shoot dry weight by as much as 99 per

cent. 

Inconsistent results have also been reported for related com

pounds such as I-triacontanol. Ries et ale (1977, 1978) reported 

that foliar applications of triacontanol significantly enhanced 

the yield of several corn and rice varieties. However. Marcelle 

and Chrominski (1978) reported that similar applications of 

triacontanol failed to enhance the growth of Phaseolus vulgaris 

in a consistent and reproducible manner. Bhalla (1978) also 

reported inconsistent results in both greenhouse and field trials 

of foliarly applied triacontanol on soybeans (Fisekby IV) and 

corn (ZeB mays). 

The failure of long-chain fatty acids and alcohols to enhance 

alfalfa growth in a consistent and reproducible basis was ini

tially reported to be the result of inconsistent replication of 

previous methods. These inconsistencies included improper mixing 

of the chemical in the carrier spray (Houtz et al., 1985), impu

rities or poor quality of the test compound (Marcelle and Chrom

inski, 1978), and poor nutritional status of the test plants 
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(Singletary and Foy, 1978). 

A second explanation of the inconsistencies prevalent in 

long-chain fatty acid and alcohol research can be attributed to 

genetic variability. Martin (1985) reported that in many cases 

inconsistent results involving growth regulatory compounds were 

primarily due to genetic variability and cautioned that, Hparties 

attempting to identify and develop plant growth regulator yield 

enhancers and/or herbicides need be aware of intraspecific varia

tion of response." Early reports by Collins et a1. (1974) indi

cated that foliar applications of compounds such as 2~sec

butyl-4,6-dinitrophenol (dinoseb) to corn plants markedly 

enhanced the final yield, however, Johnson et sl. (1978) reported 

that similar experiments involving foliar applications of dinoseb 

were ineffective in enhancing corn yield. The inconsistent 

results reported by Collins et al. (1974) and Johnson et al. 

e 1978) were resolved in 1978 when Oplinger reported that a spe-

cific genotype-dinoseb interaction was responsible for the yield 

enhancement of several corn cultivars including W-900, Jubilee, 

and NK-199. Similar compound-gene interactions have been 

reported for a variety of species including: wheat (em TheIl) and 

chlormequat chloride (CCC) , (Kettlewell et al., 1983), rice 

(OryzB sativa Japonica) and 2,4-dichlorophenoxyacetic acid 

(2,4-D), (Sundara et al., 1983), and barley (Hordeum vulgare) and 

gibberellic acid (GA) CHopp et al. t 1981). 

Consequently, the inconsistent response of alfalfa to identi

cal treatments with compounds such as triacontanoic acid or 
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triacontanol may be the result of subtle differences in methodol

ogy, or the result of genetic variability common to a tetraploid 

species like alfalfa which is capable of cross pollinating or 

interspecific breeding with Medicago faicata (Busbice et al., 

1972) . 

In experiment V, alfalfa growth was not enhanced by foliar 

applications of 10 roM CaC12 or 1.5 uM DPA + 10 roM CaC12 to plants 

growing in suboptimal calcium, suboptimal phosphate, or complete 

nutrient solutions (Table 4.5). However, both foliar treatments 

were determined to significantly (P=O.05) increase shoot fresh 

weight and shoot dry weight: in plants growing in nutrient solu

tions containing reduced levels of both calcium and phosphate 

(table 4.5). The response to the foliar treatment containing 

only 10 mM CaC12 was significantly higher than the treatment 

containing both 10 roM CaCl2 and 1.5 uM DPA. This indicated that 

the increase in alfalfa shoot fresh and dry weights were not the 

result of growth regulatory activity inherent to DPA but a growth 

response elicited by calcium supplementation. Maximal root 

lengths were also significantly greater in response to both the 

10 roM CaC12 treatment and the 10 roM CaC12 + 1.5 uM DPA treatment 

for plants growing in the solution containing reduced levels of 

calcium and phosphate. However t no significant difference 

existed between the 10 roM CaC12 treatment and the 10 roM CaC12 + 

1.5 uM DPA treatment. 

Marme' (1983) reported that foliarly applied calcium may sup

plement the nutritional status of a plant only when internal 



Table 4.~ The influnnce of foliar treatments containing either 1.5 uM DPA or 
10 mM calcium chloride on Alfnlfn growing at reduced levels of calcium and phosphate. Rxpcrlmcnt v. 

Shoot Growth Root Growth 

S l c m I, eng t h FW DW Maximum Length Loterol FW DW 
Hydroponic 

Treatment Solution * (em) (g/plont) (K/plont) (c_) (em) (g/plnnl) (g/plant) 

None A 36.30 11.5a 1. 3a 33.0n 2B.Oa 5.60 0.20 
DrA 42.40 15.3n 1. 70 30.30 29.00 10. lA 0.40 
CaCl2 37.3n 14.00 1. 60 35.0a 29.08 7.40 0.4a 

None 8 34.30 11.70 J.3n 38.00 26.08 7.68 0.3a 
I 

m 
DPA 38.20 12.08 1. 5n 36.0a 22.08 7.38 0.38 m 
CoCl2 43.00 14 .1a 1. 60 35.08 22.0n 9. In 0.4ft I 

None C 36.00 7.5c 1. Oc 28.08 18.0e 4.08 0.2 .. 
DPA 39.28 12.1b 1.4b 39.38 29.3n B. :fo 0.38 
CaC12 44.3a 16.68 1. 80 40.08 29.08 9.7n 0.18 

None D 32.70 9.78 1 .10 40.00 31.0n 0.18 0.30 
DPA 39.78 16.38 l. 98 32.38 22.88 10.3a 0.58 
CaC12 37.70 15.80 1.80 34.08 28.08 11.48 0.5a 

---~---

• Solution A 0.25 mM Cn nnd 0.50 mM P, Solution B = 2.50 mM Cn ond 0.05 mM p • Solution G 0.25Co ond 
0.05 .M P, Solution D = 2.50 .M en nnd 0.5 mM P. Means within the eome colunm and 801ution type 
whIch nre followed by the sume letter ore not signticnntly different u8lng the Duncon-8 
Multiple Range Test (F'=O. 05). 
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nutrient concentrations reach a suboptimal level. Conse

quently, the present study suggests that the nutrient solu-

tions which contained reduced levels of either calcium or phos

phate were not deficient to an extent which would significantly 

affect alfalfa growth. However, plants growing in the nutrient 

solution which contained reduced levels of both calcium and phos

phate may have experienced a degree of nutrient stress large 

enough to affect internal nutrient concentrations as indicated by 

the the positive response to the calcium supplementation provided 

by the foliar treatments. 

In a separate study, the foliar treatments used in experiment 

III did not influence the leakage of calcium, potassium, magne

sium, and phosphate from leaf discs (Figures 4.4-4.7). Respec

tive R squared values of 5 y. 10- 4 , 8 X 10- 3 , 1.9 X 10- 1 , and 3 x 

10- 5 for the leakage of calcium, potassium, magnesium, and phos

phate indicated that no significant correlation (P=O.05) existed 

between DPA concentration and the reduction of ionic leakage. 

However, magnesium leakage had a tendency to decrease with 

increasing concentrations of DPA. 

Previous reports by Pooviah and Leopold (1973, 1976) have 

indicated that calcium chloride and compounds such as benzylade

nine are capable of deterring ionic leakage, however, the reduc

tion of leakage occurred only after the leaf discs were immersed 

in solutions containing either calcium chloride or benzyladenine. 

In a similar study, Torprover and Glinka (1976) reported that the 

presence of calcium chloride in the bathing solutions prevented 
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Figure 4.4 Leakage of Calcium in Response 

to Increasing Concentrations of Foliarly 

Applied DPA. Each point represents the mean 

of eight replicates. 
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Figure 4.5 Leakage of Potassium in Response 

to Increasing Concentrations of Foliarl, Applied 

DPA. Each point represents the mean of eight 

replicates. 
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FigtU'e 4.6 Leakage of Magnesium in Response 

to Increasing Concentrations of Foliarly Applied 

DPA. Each point represents the mean of eight 

replicates. 



(/) 50 Q) -
0 

40+ 

2 E R = 0.19 c 
y = -1.2x + 22.42 ... 

Q) 

en 
0 

.:::t. 30+ A 0 
Q) 

I A -1 
.A 

E 
20 I :J - ------- I .- -1 

(IJ eN 

Q) I 

C 
Ol 10 0 A 2 A .A 

0 
0 1 2 3 4 5 6 7 8 9 10 

Log 2 Concentration DPA, nM 



74-

Figure 4.7 Leakage of Phosphate in Response to 

Increasing Concentrations of Foliarly Applied DPA. 

Each point represents the mean of eight repli

cates. 
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betacyanin leakage in discs cut from Beta vulgaris root tissue. 

The decrease of ionic leakage from discs cut from both shoots 

and roots is primarily due to the stabilizing effect that calcium 

has on the membrane constituents of the discs while soaking in a 

calcium enriched bathing solution. However, in the present 

study, leaf tissues received calcium chloride treatments only as 

a foliar spray ten days before the leaf discs were cut and 

assessed for ionic leakage. Consequently, the lack of a signifi

cant correlation between the foliar treatments and ionic leakage 

may have been the result of either inadequate levels of calcium 

remaining on the leaf tissues following the ten day period 

between foliar treatments and assessment for ionic leakage or the 

ineffectiveness of DPA to significantly influence leakage. 

Section B. Studies Utilizing Chevron XE-lOI9 

Growth Analysis of Nedicago sativB in Response to Seed Treatments 

with Chevron XEIOI9 

Alfalfa plants grown from seed treated with Chevron XE-1019 

exhibited reduced shoot and root growth. Treated plants grown in 

Promix exhibited significant reductions in shoot length, shoot 

fresh weight, shoot dry weight, leaf area, root fresh weight, 

root dry weight, maximal root length, and lateral root length 

(Table 4.6). 

The inhibition of plant growth by XE-I019 supports the 

hypothesis that XE-1019 may function to disrupt gibberellic acid 



Table 4.6. Growth of olfalfo in response to seed trentments with Chevron XE 1019. 

-----------~-------- ------------------------
Shoot Growth Root Growth 

----------------------------------------- --- ------.. -----~. 
Week Treatment Str.m Leaf' FW DW Leaf Maximum Lotend fW DW Ratio 

Length At'eo ch 1 ot'oph~ 11 Length Length 

(c:m) 
;;> (ug/g F' ) 

(em) (em) (g/plnot)(g/plant) (em )(g/plont)(g/plont) 8 b SIR 
----------------------_._----------------------------- ---------

+XF. O.Bb O.5b O.lb O.Olb 854.6a 58.70 6.8h 1. 5b O.lh O.Olb 1. Ob 
3 

-XI': 9.Bn 6.20 1. 1 a O. ]]0 662.6b :12.7b 19.00 9.0n O.flo O.Ofln 2.20 

+XR 0.9h 1. 2b 0.2b O.Olb 1269.10 253.98 15.00 1. 5b O.2b O.Olb 1. Ob I ., -J 
-XG IO.4n 13.38 1. 88 0.170 1142.60 21B.50 19.00 9.00 0.9£1 0.070 2.40 -J 

I 

tXE 2.8h 3.5b 
5 

0.2b 0.02h 1763.10 371. 6b Ifl. Oe 3.1 b 0.7h O.04h O.5b 

-XE 10.40 16.50 2.70 0.340 2253.40 597.90 18.Ba 6.6n 1.38 0.100 3.40 

+XE :L 3b 3.6b 0.3b 0.04b 1856.20 509.4a 18.40 5.20 O.74h 0.090 0.4b 
6 

-XG J :j. fiR 17.40 2.90 0.360 1645.90 486.50 17.50 6.00 1.850 O. lOa 3.68 

------------------------
Means within the same column Bnd week which are followed by the same letter are not 
different uein, the Duncan's Multiple Range Test (P=O.05) 

s igr)j fi cantly 
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(GA) synthesis. Other compounds such as chloromequatc:hlo-

ride, (eeC), and paclobutrazol, (PP333), which are known to inhi

bit GA synthesis elicit similar reductions in plant growth. 

Cooke et al. (1983) reported that foliar applications of eee sig

nificantly decreased stem length, shoot fresh weight, and shoot 

dry weight in several wheat varieties. Foliar treatments with 

PP333 , a structural analog of XE-I019, have also been reported to 

significantly decrease shoot growth in soybeans and sunflowers 

(Helianthus annuus) (Sankhala et al., 1983). However, the effect 

of these compounds on root growth varies depending on the species 

treated. Sankhala et al. (1983) reported that PP333 increased 

root growth in soybeans, but had no effect on root growth in sun

flowers indicating the need for further research into the mecha

nism by which compounds like ecc, PP333 , XE-I019, and GA affect 

root growth. 

Another typical response to treatments with cec, PP~33, and 

XE-I019 is intensified greening. Sankhala et. al. (1985) 

reported that this intensified greening was concomitant with sig

nificant increases to both chlorophyll a and b concentrations in 

five week old soybean plants. However, Wample and Culver (1983) 

reported that intensified greening was not always the result of 

increased concentrations of chlorophyll and may be the result of 

increases in cell number and decreased surface area. In the pre

sent study, significant differences in both chlorophyll a and b 

content were detected in 3-week-old plants (Table 4.6), however, 

no differences in chlorophyll a concentrations were detected in 
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the remainder of the study. Chlorophyll a content was signifi

cantly less (Table 4.6) in 5-week-old plants treated with 

XE-1019, however, no significant difference in chlorophyll b con

tent was detected after the fifth week of growth. This suggests 

that the intensified leaf greening in response to seed treatments 

with XE-I019 may be correlated to both changes in chlorophyll 

content and leaf area. 

The extractability of both chlorophyll a and b (Figures 

4.8-4.9) was reduced in treated plants at the initial sampling of 

the extraction procedure (T=O). However, only marginal differ

ences in the rates of chlorphyll a and b extraction were detected 

for the entire extraction interval (Time=O to Time=IO). Increases 

in leaf cell number and decreases in leaf area may have influ

enced the initial leaf chlorophyll extractability. Intact leaves 

from alfalfa plants which received the seed treatment with 

XE-1019 were visibly thicker and had a significantly lower sur

face area. This could have affected the initial amount of chlo

rophyll extracted from the leaf tissue by allowing for less sur

face area to be exposed to the extraction medium. However, no 

significant differences (P=O.05) in rate of the total chlorophyll 

extraction were detected between treated and untreated plants. 

The lack of a significant difference in rate of total chlorophyll 

extraction between the two treatments was primarily due to the 

severity of the extraction procedure and the length of time (10 

min) that the extraction procedure was run. 
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Figure 4.8 Extractability of Chlorophyll A 

in Response to Seed Treatments with Chevron 

XE-1019. Each point represents the aean of 

four replicates .. 
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Figure 4.9. Extractability of chlorophyll B in res

ponse to seed treatments with Chevron XE-IOI9. Each 

point represents the mean of 4 replicates. 
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Ionic Leakage from Leaf Discs in Response to Seed Treatments 

with Chevron XE-1019 

Plants grown from seeds treated with XE-I019 exhibited only 

slight reductions in the leakage of ions from leaf discs. Discs 

cut from leaves of plants which received the seed treatment were 

visibly thicker. This increase in leaf thickness may have 

resulted in the slightly reduced rate of calcium, potassium, 

magnesium, and phosphate leakage (Figures 4.10-4.13). The great

est difference in the rate of ionic leakage occurred in the case 

of magnesium (Figure 4.12). Discs cut from the leaves of 

untreated plants leaked magnesium at an average rate of 1.2 

nmoles min- 1 , whereas discs cut from the leaves of treated plants 

leaked magnesium at an average rate of only 0.5 nmoles min- 1 • 

Statistically, the reduced rates of calcium, potassium, 

magnesium, and phosphate leakage were not significantly different 

at the 0.05 level of significance. However. any reduction of 

ionic leakage could be physiologically beneficial to plants 

exposed to conditions which would induce membrane instability and 

leakage such as high temperatures and drought. 
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Figure 4.10 Leakage of Calcium in Response 

to Seed Treatments with Chevron XE-lOl9. 

Each point represents the mean of eight repli

~tes. 
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Figure 4.11 Leakage of Potassium in Response to 

Seed Treatments with Chevron XE-10l9. Each 

point represents the mean of eight replicates. 
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Figure 4.12 Leakage of Magnesium in Response 

to Seed Treatments with Chevron XE-I019. Each 

point represents the mean of eight replicates. 
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Figure 4.13 Leakage of Phosphate in Response 

to Seed Treatments with Chevron XE-1019. Each 

point represents the ~ean of eight replicates. 
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Nodulation 01 HediC§fo sativa as In1luenced by Seed Treatments 

with Chevron XE-1019 

Nodulation study 

Seed treatments with XE-1019 had no deleterious effect on 

alfalfa nodulation. No significant difference (P=O.05) in nodule 

number was detected between treated and untreated plants in any 

root fraction inoculated with ~izobium meliloti strains l02F34a, 

l02F5la, and 102F77b (Table 4.7). However, treated plants exhi

bited a significant increase in nodule number in the bottom root 

fraction of plants inoculated with strain l02F66d. 

Similar results have been cited for other GA inhibitors. Wil

liams and Sicardi de Mallorca (1984) reported that foliarly 

applied cee increased nodule number and mass in soybeans, whereas 

foliar sprays containing 3 x 10- 6 M GAs, 3 x 10- 5 M GA7, or 3 x 

10- 5 M GA4 were found to decrease nodule number and mass. This 

suggests that endogenous GA concentrations might possess a regu

latory role in the morphogenesis of nodules in some species. How

ever, the successful control of nodule formation by GA inhibitors 

may vary depending on 1) the role endogenous GA plays in the 

formation of nodules in a particular species, 2) the response of 

the particular species to GA inhibitors, and 3) the effect of 

the GA inhibitor on the inoculating ~izobium sp. and its root 

colonization. 

Toxicity study 

In a second study, XE-1019 exhibited no deleterious effect on 



TobIe 4.7 Nodulation of alfolfa as influenced by seed treatments with Chevron 18-1019 

Number and Location of Root Nodules 

----------------------
Rhizobium Stroin Tre(l.tlllont Top Middle Rottom 

lO2F34a +XB 0.9a 3.8a 2.00 
-Xli: 0.50 2.50 0.50 

lO2F5la .. XB 1. 40 4.6. 1. 8a 
-IS 2.10 2.00 1. 30 

lO2F66d +XS 4.10 4.10 1.58 
-XB 0.6a 4.10 O.Ob 

102F77d +XE 2.60 1.3a O. 10 
-xs 0.10 3.40 2.50 

Means within the some colu.n ond stroin which are followed by the ~amc letter 
ore not significantly different using the Duncon's Multiple Range test. (P=O.05). 

I 
r.o 
~ 
I 
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any strain of ~izobium meliloti evaluated (Figures 4.14-4.17). 

XE-I019 is a large molecule (MW 292) which is not readily 

degraded by soil microbes. Similarly, specialized bacteria such 

as H. meliloti are only able to utilize simple organic molecules 

(e.g. mannitol) as a carbon source (Jordan, 1983). Consequently, 

XE-I019 could not be introduced into the bacteria's metabolism 

effectively rendering the compound harmless. 

CCC has also been reported (Williams and Sicardi de Mallorca, 

1984) to exhibit no harmful effects on either the cultured growth 

of Rbizobium sp. or the ability of the bacteria to successfully 

colonize the host root tissue. 

Growth and Nutrient Uptake in Alfalfa Grown from Seeds 

Treated with Chevron XE-IOl9 

Growth study 

Plants grown hydroponically from seeds treated with Chevron 

XE-lOI9 exhibited reduced shoot and root biomass. Significant 

reductions included fresh and dry weights for both shoots and 

roots, as well as shoot length (Table 4.8) Total root lengths, 

maximum root lengths, and lateral root lengths, were also 

decreased, however not to a significant degree (Table 4.8). 

The mechanism by which XE-1019 inhibits plant growth is most 

likely by interfering with the synthesis of gibberellic acid in a 

manner similar to its structural analog PP333. Specifically, 

these compounds inhibit the oxidative reactions which convert 

ent-kaurene to kaurenoic acid effectively blocking the formation 
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Figure 4.14 Toxicity of Chevron XE-IOI9 

to ~izobiu. .eliloti strain l02F34a. 
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Toxicity of 12 ppm Chevron XE-1019 

to ~izobium~liloti strain l02F51a. 
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Figure 4~16 Toxicity of 12 ppm Chevron XE-I019 

to ~izobiU8.eliloti strain l02F66d. 
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Figure 4.17 Toxicity of 12 ppm Chevron XE-1019 

to Rhizobi,. ~liloti strain 102F77b. 
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of GA12 (Jung and Radenmacher, 1983). 

Uptake study 

Untreated plants depleted greater quantities of calcium, 

potassium, magnesium, and phosphate from the nutrient solution 

than their treated counterparts (Table 4.9). This is a reason

able result due to the fact that the untreated plants exhibited 

significantly greater shoot and root biomass than treated plants 

(Table 4.8). However, when the cumulative depletion values are 

converted from a per plant basis to a per unit root length basis, 

the treated plants possessed a higher capacity for nutrient 

depletion (Table 4.9). Consequently, significant differences 

were detected for the overall rate of calcium (P=0.005), potas

sium (P=O.005), magnesium (P=O.005), and phosphate (P=O.05) 

depletion in plants which received the seed treatments. Plants 

grown from seeds treated with XE-I019 do not seem to lose their 

capacity for nutrient depletion. It is not apparent why nutrient 

depletion levels would remain so high in plants which are signif

icantly smaller than their untreated counterparts in both shoot 

and root biomass. One hypothesis could be that the inflated lev

els of nutrient depletion in treated plants may be related to 

decreases in endogenous GA concentrations elicited by XE-IOI9 

applications. Kaufman and Dayanadan (1983) reported that GA was 

required for the formation of new cell walls. In plant roots, 

nutrient uptake is generally limited to areas of the root which 

do not possess a fully developed casparian strip. Consequently, 

the elevated levels of nutrient depletion in treated plants may 



Table 4.8 Growth of alfalfa in response to seed treatments with Chevron XR-I019. 

Shoot Growth Root Growth 
-.. _--- ---

Treatment S t (~m FW DW Maximum Lateral Totnl F'W DW 
Length Length I.ength 

(em) (g/plant) (g/plant) (CII) (em) (eM) (g/plant) (g/plant) 

-----------------------------------------------------------------------------
-t XE 63.Db 17.5b 2.8b 36.2ft 26.2a 15860a 

-XR 86.0s 25.1a 4.3a 41.00 28.28 243568 

Means within the so.e eolunm which are followed by the S811e letter 8re not significantly 
different using the Duncnn's Multiple Range Test (p=0.05). 

9.9b 0.6b 

16.58 1. On 
I 

...... 
o 
01 
I 
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be the result of decreases in cell wall and casparian strip 

formation caused by declines in the concentration of endogenous 

GA. 



Table 4.9 Cumulative Nutrient depletion of alfalfa in response to seed treatments with Chevron XB-IOI9. Experiment V. 

Time (hrs) Trentment 

t-XE 
o 

-:m 

+XR 
4 

-X1\ 

+XE 
8 

-XR 

+XR 
12 

-XE 

+XR 
16 

-XR 

+XE 
20 

-XR 

HE 
24 

-XE 

Calch. 

Pl;~t---~-;oot· 
(umoles) (nmolea) 

0.0 

0.0 

-9.0 

-15.0 

36.0 

51.0 

69.0 

93.0 

105.0 

120.0 

120.0 

126.0 

132.0 

135.0 

0.0 

0.0 

-0.6 

-0.6 

2.3 

2. I 

4.4 

3.8 

6.6 

4.9 

7.6 

5.2 

B.3 

5.5 

Cumulative Depletion 

Potassium 

plont 
(umolee) 

0.0 

0.0 

-51.0 

-33.0 

-6.0 

63.0 

72.0 

183.0 

210.0 

303.0 

300.0 

318.0 

402.0 

369.0 

C1II root 
(nmoles) 

0.0 

0.0 

-3.2 

-1.4 

-0.4 

2.6 

4.5 

7.5 

13.2 

12.4 

18.9 

14.3 

25.3 

15.2 

MagnesiUJI 

pi;~t------C;-;~t 

(umoles) (nmoles) 

0.0 0.0 

0.0 0.0 

-6.0 -0.4 

-3.0 -0.2 

9.0 0.6 

15.0 0.6 

IB.O 1.1 

30.0 1.2 

33.0 2.1 

45.0 1.8 

42.0 2.6 

M.O 2.2 

M.O 3.4 

60.0 2.5 

Phosphate 

pTant------~-;oot 

(\1100Ie8) (nmoles) 

0.0 0.0 

0.0 0.0 

9.0 0.6 

15.0 0.6 

24.0 1.5 

45.0 1.8 

48.0 3.0 

69.0 2.8 

63.0 4.0 

93.0 3.8 

75.0 4.7 

105.0 4.3 

91.0 5.9 

114.0 4.7 

Dato are the menn", of four replicatm'l. *cm em total root length as calculated by the Tennont (1975) pr-ocedurf!. 
Negative values repreacnt ionic leakaga at the initial stages of the depletion study. 
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Chapter V 

Summary and Conclusions 

Section A. Long-chain Fatty Acid and Phospholipid Studies 

Medicago sativB Arc exhibited its most rapid period of growth 

on day 21. During this period, shoot and root biomass increased 

substantially, whereas shoot and root lengths increased more rap

idly at day 28. 

Foliar treatments containing 10 mM calcium chloride and 

either tetracosanoic acid, hexacosanoic acid, triacontanoic acid 

or dipalmitoyl phosphatidic acid were ineffective in enhancing 

alfalfa shoot or root biomass. No significant increases in shoot 

length, shoot fresh weight, shoot dry weight, maximal root 

length, root fresh weight, and root dry weight were detected in 

response to any treatment, concentration, or treatment

concentration interaction (Experiments I-IV). However, signifi

cant differences in lateral root length were detected for the 

foliar treatments containing 10 roM calcium chloride and dipalmi

toyl phosphatidic acid (DPA) in experiments III and IV. 

The same foliar treatments were also determined to be inef

fective in reducing the rate of ionic leakage from leaf discs 

(Experiment III). R squared values of 5 x 10- 4 , 8 x 10 -3, 1.9 x 

10 -1, and 3 x 10 -5 for the leakage of calcium, potassium, 

magnesium, and phosphate respectively indicated that no signifi

cant correlation (P=0.05) existed between DPA concentration and 
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the reduction of ionic leakage. 

However, similar foliar treatments containing either 10 mM 

calcium chloride or 10 mM calcium chloride and 1.5 uM dipalmitoyl 

phosphatidic acid (experiment V) were determined to significantly 

increase alfalfa biomass in plants growing in nutrient solutions 

containing reduced levels of both calcium and phosphate. The 

response of alfalfa to the foliar treatment containing only 10 roM 

calcium chloride was significantly higher than the treatment con

taining both calcium chloride and DPA. This indicated that the 

increase in alfalfa biomass was not the result of growth regula

tory activity inherent to DPA but a growth response elicited by 

calcium supplementation. 

In conclusion, the inability of foliar treatments containing 

10 roM calcium chloride and either tetracosanoic acid, hexacosa

noic acid, triacontanoic acid, or dipalmitoyl phosphatidic acid 

to enhance alfalfa growth as previously reported may be related 

to unknown differences in experimental methods, or the loss of 

specific compound-gene interactions due to genetic variability. 

Future investigations studying the efficacy of long-chain 

fatty acids as plant growth stimulators could incorporate factors 

such as radio-labeling of the test compounds in order to deter

mine the distribtion of the compound(s) on the leaf surface and 

subsequent penetration into the leaf tissue. Information con

cerning the distribution and movement of the test chemicals in 

the plant could eliminate some of the inconsistencies reported in 

growth regulatory research employing long-chain fatty acids and 
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alcohols. 

Section B. Studies Utilizing Chevron XE-IOI9 

Alfalfa plants grown from seeds treated with Chevron XE-lOl9 

exhibited reduced shoot and root growth. Treated plants grown in 

Promix exhibited significant reductions in shoot length, shoot 

fresh weight, shoot dry weight, leaf area, root fresh weight, 

root dry weight, maximal root length, and lateral root length. 

The treated plants also contained significantly higher leaf chlo

rophyll a and b concentrations in the initial stages of growth, 

however, after six weeks, no significant difference in leaf chlo

rophyll content was detected between treatments. The extraction 

rate of both chlorophyll a and b was significantly less in 

treated plants at the initial stage (Time=O) of the extraction 

procedure, however the overall rates of chlorophyll extraction 

were not significantly different between treatments. 

Treated plants grown hydroponically exhibited similar reduc

tions in shoot and root growth. Significant reductions in shoot 

length, shoot fresh weight, shoot dry weight, root fresh weight, 

and root dry weight were detected in response to the seed treat

ment. Lateral, maximal, and total root lengths were also 

decreased by XE-IOl9, however not to a significant degree. Simi

larly, leaf discs cut from plants which received seed treatments 

with XE-I019 exhibited marginal but not significant reduction in 

the rates of calcium, potassium, magnesium, and phosphate leak

age. 
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Seed treatments with XE-I019 also had no deleterious effect 

on alfalfa nodulation. No significant difference in nodule num

ber was detected between treated and untreated plants in any root 

fraction inoculated with R. meliloti strains l02F34a, l02F5la, 

and l02F77b. However, treated plants exhibited a significant 

increase in nodule number in the bottom root fraction of plants 

inoculated with strain l02F66d. XE-1019 was also found to pos

sess no toxic effect on the cultured growth of the four strains 

of R. meliloti previously mentioned. 

Treated plants also exhibited higher levels of nutrient 

uptake. Significant increases in the cumulative uptake of cal

cium, potassium, magnesium, and phosphate were detected on a per 

em root basis for plants which received the seed treataents. How

ever, untreated plants depleted greater amounts of Ca, Mgt K, and 

P04- 3 from the nutrient solution when depletion was calculated on 

a per plant basis. 

In conclusion, Chevron XE-1019 consistently reduced alfalfa 

growth. XE-1019 functions in a consistent manner because it 

inhibits the synthesis of gibberellic acid (GA)- an endogenous 

plant growth regulator utilized by most higher plants to regulate 

many aspects of shoot and root development. Consequently, vari

able responses to treatments with XE-I019 such as root growth, or 

chlorophyll content may be the result of differences in the role 

of gibberellic acid in plant development among different plant 

species. However, it is conceivable that a plant's response to 

XE-I019 treatments may also be influenced by a specific compound-
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gene interaction for XE-I019 as discussed earlier. 

The use of XE-I019 as a growth regulator of agricultural 

crops is in a preliminary state. The present study suggests 

that although seed treatments with XE-I019 did not stimulate 

alfalfa shoot and root growth, the treatments did elicit several 

responses which warrant further investigation. The first of 

these responses was the reduction of ionic leakage. Further 

research may indicate that XE-I019 regulates membrane permeabil

ity. Such regulation could prevent crop loss in times of drought 

and high temperature. A second response warranting further 

research is that plants grown from seeds treated with XE-I019 

utilized water more efficiently. In both soil and hydroponic 

studies, treated plants required less watering than untreated 

plants again suggesting the potential for treated plants to bet

ter tolerate drought conditions. Finally, the reversal of the 

stunted growth caused by XE-1019 with GA suggests that crop 

growth could be regulated with XE-1019 until environmental condi

tions were more favorable for growth. By this method, forage 

crops such as alfalfa could be established earlier in a growing 

season resulting in an extra harvest. Consequently, XE-I019 

treatments and GA reversals could allow for a greater amount of 

control in the planting and harvest of crops, particularly in 

regions which have a limited growing season. 
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TobIe A.I Rxr~rimcnt I. Annlysis of covariance .~o8uring 01falf8 re.~Un8e to falinr sprays containing 
10 mM CsCl2 ond either C-24. C-26, or C-30 long-chain ffttty acids. 

Shoot Para.eters 

Stem Length Fresh Weight Dry Weight 

-------~--------- ---------------- -----------. -
Source DF MS F Pr > F MS r Pr > F MS F "f' F 

Concentrfltion 406.5 3.2 0.08 38.3 1.4 0.26 0.4 0.4 0.55 

Treatment (Trl) 3 127.2 1.0 0.40 35.0 1.2 0.32 1.7 1.5 0.25 

ConetTrt 2 228.1 0.9 0.90 2.7 0.1 0.91 0.2 0.2 0.H2 

Root Pora.eters 

Max. Length Lat. Length Fresh Weight Dry Weight 

Source DF 
w _________ ..... _____ ..... ______ 

MS F Pr ) F --------------~~- .... _-------_.- _. 
F ~i-----i---~~-~-i MS F Pr) F MS F PI' > 

ConcentrAtion 1.3 0.0 0.87 2.1 0.1 0.77 14.5 0.6 0.45 0.4 0.1 0.78 

Treotmenl (Trt) 3 15.9 0.3 0.81 38.7 1.5 0.23 30.3 1.2 0.32 1.2 2.4 0.09 

Conc*Trt 2 5.2 0.1 0.90 0.5 o 0 0.98 10.4 0.4 0.66 O. 1 0.2 0.83 

--"----_ ..... --- .-------

Pr values greater thon 0.05 indicate no significance for the parameter tested. 

...... 
tv 
~ 
I 



Table A.2 EXI'('rim(~nt. II. Analysis of covnrinnce m~ftsuring nlfnlfn responflfl to foliaf" SIHOYS conlnining 
10 mM CaC12 nnd either C-24, C-26, C-30, or orA. 

Shoot Parameters 

Stem Lenglh Fresh W{dghl Dry Weight 

----------------- ---------------- --.--.-~ _ ..... --- ....... _-- _.-
Source OF MS F Pr > F MS f Pr > F MS F Pr r 

Concentration 18. 1 1.2 0.35 6.B 2.0 0.10 8.4 O.B 0.56 

Treatment (Trt) 4 12.7 0.8 0.37 0.2 O. I 0.00 11.2 1.1 0.31 

Conc*Trt 3 B.6 0.6 0.65 0.9 0.3 0.85 10.1 1.0 0.42 

--~-~-----~------- - -~ -------

Root Parameters 

M~x. Length J.ot. L('ngth Fresh Weight Dry Weight 

Source Dr ij~----i----~~-~-~ ----------------- ---------- _._-- - .- -- -" ~., ---~ 

MS F Pr > F MS F Pr) r totS f' I'r > r 

Concentration 13.9 0.5 0.77 97.0 4. 1 0.003** 1.6 1.2 O. a:i 0.0 0.5 0.71 

Treatment (Trl) 4 0.0 0.0 0.99 9B.O 4. I O.04H 1.5 0.8 O.3B 0.0 0.2 0.(;8 

Conc*Trt 3 0.9 0.0 0.99 51.9 2.2 0.101 0.2 O. 1 0.94 0.0 0.0 O.!J!] 

Pr values greater than 0.05 indicate no significance for the parameter lested. ** P < 0.005, t P 0.05 

1-1 
l\:) 

01 
I 
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Table A.3 Ixperi.ent III Regresaion analysis of alfalfa ,rowth 
in reaponse to increaeing concentrations of DPA. 

Shoot Par .. eters 

Len,th 

Fresh Weight 

Dry Weight 

Lateral Length 

Fresh Weight 

Dry Wei,ht 

Slope 

0.004 

0.005 

0.005 

0.006 

0.144 

0.006 

0.003 

Pr > : T: 

0.19 

0.13 

0.17 

0.49 

0.005** 

0.07 

0.25 

Pr values ,reater than 0.05 indicate that re,re •• ion slopes are not 
significantly different fro. a slope of zero. 



Table A.4 Ixperi.ent IV. Analysis of covariance .p-asurin, altalfa response to foliar sprays containing 
10 .H CaCI, and either C-24. C-26. C-30, or DPA . 

. --------------------------Shoot- p;~;;;;;t er. ------------------- -- --". ----

Ste. Len,th Fresh Weight Dry Weight 

Source DF ----------------- -------------~--~- --HS-----r---p;-)-r HS r Pr) F HS F Pr > r 

Concentration 1.5 0.1 0.13 132.2 2.4 0.14 2.1 3.0 0.10 

Treat.ent (Trt) 3 4.B 0.4 0.76 54.7 l.0 0.43 0.6 0.8 0.51 

Conc*Trt 2 28.1 2.3 0.14 2.0 0.0 0.97 0.0 0.1 0.94 

Root Para.eterll 

Max. LeD,th Lat. Lenlth Freah Heicht Dry Weillht 

Source Df HS-----y-----Pr-)-r HS-----,---P;-)-, MS----'---Pr-)-i HS-----'---Pr-)-i 

Concentration 0.6 0.0 0.82 16.4 1.2 0.29 12.4 3.1 0.10 0.0 l.0 0.33 

TI"f~llt.ent (Trt) 3 14.9 1.4 0.28 1.6 0.1 0.95 49.5 2. J 0.14 0.1 2.0 0.15 

CODc*Trl 2 5.0 0.5 0.63 5.4 0.4 0.68 9.1 0.4 0.69 0.0 0.3 0.74 

Pr •• lue. ,reater than 0.05 indicate DO si,nificance for the par •• eter tested. 

....., 
~ 
....::J 
I 



Table A.5 Nonlinear "nnly~i3 of cumulAtive depletion data. Kxp~riment V. 

Calcium Potassium Mngnesium Phosphate 
Model 

+XR -XH Combined +XB -XE Combined +XE -XR Combined ;XR =ii----~Dmhi"ed 

Dr 3 3 9 3 3 9 3 3 9 :l 3 9 

Au 5.90 11.10 8.20 -43.55 23.02 207.67 16.61 3.75 6.48 21. ("2 6.25 9 40 

AI 11.60 15.90 -13.20 35.20 -31.96 -215.70 -17.88 -4.88 -7.67 -21.66 -7.31 -10.24 

lit 1.4 O.OR -0.10 0.03 -0.06 --0.006 -0.0) -0.05 -0.03 -0.01 -0.06 -0.03 

ss 0.06 0.18 8.70 6.06 3.64 80.13 0.05 0.01 0.57 0.12 0.03 0.95 

F. t ~ t 12.92 12.92 12.92 12.92 

r. c t ... I 68.87 15.09 16.12 6.22 

Pr ( F 0.005 0.005 0.005 0.05 

Pr values greater than 0.05 indicate no significant difference in nutrient uptake between treatments. 

I 
I-' 
t\J 
CO 
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