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Experiments were conducted to determine the effect of environ-

ment and several plant growth regulators on the physiology, quality,

and agronomic performance of snap beans (Phaseolus vulgaris L. )

and spring wheat (Triticum aestivum L. ). The potassium salts of

naphthenic acid and cyclohexanecarboxylic acid, received particular

attention.

Application of potassium naphthenate solutions to the foliage of

14-day-old wheat seedlings caused significant reductions in height

for the first 4 weeks after treatment. Reductions were observed in

water-soluble sugars in the shoots and roots. Accompanying in-

creases in water-soluble protein and free amino acids were meas-

ured in the shoots. No significant effect on amino acid levels was



noted in the roots but increases were observed in soluble protein.

The reductions in sugars and increases in proteins and amino acids

indicate a shunting of carbon skeletons from carbohydrate to nitrogen

metabolism.

Under field conditions, 2-chloroethylphosphonic acid (ethephon)

and(2-chloroethyl) trimethylammonium chloride (chlormequat) re-

gardless of rate or time of application produced significant reduc-

tions in wheat plant height. Ethephon was more effective in height

reduction than chlormequat. Potassium cyclohexanecarboxylate and

potassium naphthenate in many cases significantly increased the

length of the uppermost internodes.

Differential wheat cultivar response to growth regulator ap-

plication was evident with the exception of plant height and associ-

ated measurements which were similar between cultivars with a

given regulator. Changes in grain nutritional quality components

exemplify these differential responses. Vitamin content was gener-

ally lowered by potassium naphthenate, and potassium naphthenate

and potassium cyclohexanecarboxylate lowered the mineral content

of the grain. Individual quality components appeared to be affected

independently.

No significant increase in snap bean yield resulted from regu-

lator treatments in the field. Protein content was significantly in-

creased in spring-planted snap bean pods by at least one rate of all



the regulators studied with the exception of potassium cyclohexan-

carboxylate which lowered protein. Several growth regulators

produced significant increases of B-carotene content in summer-

planted snap beans whereas, ascorbic acid was significantly reduced

by all applications in the spring but not in the summer planting.

Controlled environment experiments where high temperature

and low relative humidity were imposed had little effect on pod pro-

tein and B-carotene content. In contrast, ascorbic acid content was

drastically reduced the first day after exposure to stress conditions.

Though plants tended to adjust to their new growing conditions, after

5 days they had not reached levels of ascorbic acid found in un-

stressed control plants. Treatment with potassium naphthenate

tended to lower levels more and retard adjustment to the higher tem-

peratures.

Nutritional quality in snap bean pods appeared to be affected

more by the prevailing environmental conditions near harvest even

though yield varied greatly between cultivars and to a lesser extent

between dates of planting. Ascorbic acid content appears to be more

sensitive to seasonal fluctuation in environment than B-carotene or

protein content, as large variations in ascorbic acid content between

planting dates were evident.

Subjection of cultivars to growth at 80 and 50% relative

humidity resulted in differences in growth habit though no differences



were observed in yield or nutrient content. The relative ranking of

yield of cultivars in controlled environments differed from that ob-

served in the field though differences in B-carotene and ascorbic

acid contents were similar.

A comprehensive review of the literature pertaining to the

effects of naphthenates on plants is discussed in detail. In addition,

an exhaustive summarized review of the effects of naphthenates on

biological systems (plants, microorganisms, warm and cold-

blooded animals) illustrates the wide range of biological actions of

this series of naturally occurring petroleum acids.
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PHYSIOLOGY, QUALITY, AND AGRONOMIC PERFORMANCE
OF SNAP BEANS (Phaseolus vulgaris L.) AND SPRING
WHEAT (Triticum aestivum L.) AS AFFECTED BY

SEVERAL PLANT GROWTH REGULATORS

GENERAL INTRODUCTION

Spring wheat (Triticum aestivum L.) and bush snap beans

(Phaseolus vulgaris L.) are both economically and nutritionally im-

portant in Oregon. Increasing importance is being placed on both

yield and nutritional quality, yet relatively few reports are available

on the effects of environment and plant growth regulators on these

crops.

The objective of this research is to gain a fuller understanding

of the effects of plant growth regulators and environment on the

physiology, quality, and agronomic performance of these crops.

Particular attention was given the naphthenic acids as it has been

reported that these plant growth regulators have the potential for

not only increasing yield (Aslanov, 1970; Bulavas and Rimkevicius,

1970; Fattah, 1972; Gasanov, 1970; Volkov, 1970; Wort and Patel,

1970a) but also nutritional quality (Alley, 1963; Fattah, 1972; Volkov,

1970) and storage (Chu, 1969; Fattah, 1972).

This dissertation is presented in four sections to maintain the

continuity of the subject covered. Each article with the exception of

the common bibliography is written in a manner which is suitable
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for direct submission to a professional journal. It is hoped that

the continuity and brevity of presentation will enable a greater

number of individuals to gain access to the principles and data

presented.

A comprehensive review of the literature on naphthenic acids

is presented in the Appendix. Published material, from the

Western Hemisphere, pertaining to the action of these acids on

plants, is discussed in detail. The effect of naphthenic acids on

plants, animals, and microorganisms is presented in summarized

form, cross-referenced to the organism tested. Though the naph-

thenic acids are referred to in this dissertation as plant growth

regulators, the effects presented in the review suggest a more

general metabolic stimulant.
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CLARIFICATION OF NOMENCLATURE

Naphthenic acids (petroleum acids) are monocarboxylic acids

of the naphthene (alicyclic) series of hydrocarbons. They are

natural components of crude oil and are normally extracted using

caustic alkali. R(CH
2

)
nCOOH, may serve as a general formula,

where R is a cyclic nucleus composed of one or more rings. These

rings may be alkylated and are predominantly cyclopentane (five

membered) but cyclohexane rings are present in varying amounts.

The plant growth regulators obtained from this petroleum fraction

have been named and abbreviated primarily by Eastern European

investigators. The nomenclature used is very ambiguous and ap-

pears to have been designed to designate source and action. This

makes mechanical retrieval of information nearly impossible unless

one is aware of all possible names.

This investigator, in an attempt to standardize, will refer to

the saponification products as naphthenates.

Other generic listings for the naphthenate fraction are as

follows:

Naphtha growth matter

Stimulator of naphtha origin

Naphtha substances

Naphthenic growth substance (NGS)
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Oil growth substance (OGS)

Oil growth matter

Oil hormone substance (OHS)

Petroleum nutrient

Petroleum growth factor

Petroleum growth stimulant

Petroleum growth substance

Petroleum growth-promoting substance

Petroleum growth regulator (PGR)

Petrochemical growth compounds

Petrochemical growth substance (PGS)

Sintovit (an oxidized petroleum product)

Sh-8 (a substituted cyclohexylbutanol)

Or the additional abbreviations:

(PRV)

(NRB)

(NRV) from Neft Rostovogo Veshchestva

(KhTI) Bulgarian equivalent of NRV
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GROWTH AND METABOLIC RESPONSES OF WHEAT
SEEDLINGS TO NAPHTHENATE APPLICATION

ABSTRACT

Potassium naphthenate (KNap) has significant effects on early

wheat (Triticum aestivum L.) seedling development. Though

numerous accounts show favorable agronomic responses on wheat,

little physiological information is available. This study evaluated

the effect of foliarly applied naphthenate on seedling growth, CO2

exchange, and the levels of water-soluble sugars, proteins, and

amino acids.

Application of KNap solutions to the foliage of 14 -day- old

wheat seedlings caused reductions in water-soluble sugars in the

shoots and roots 4 weeks after treatment. Increases in water-

soluble protein of 17.5 to 30% were measured in the shoots accom-

panied by increases of 21 to 44. 5% in free amino acids (4 weeks

after spraying). No significant effect on amino acid levels was noted

in the roots but up to a 39% increase in soluble protein was observed

with 750 ppm KNap (at 4 weeks). The reductions in sugars and in-

creases in protein and amino acids indicate a shunting of carbon

skeletons from carbohydrate to nitrogen metabolism. Trends in

net photosynthesis, dark respiration, and gross photosynthesis

although not significant statistically, may have biological significance.
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Significant reductions in height at all times and rates of

application were observed. Though this collaborates recent work

on corn, it is in contrast with results published on bush beans and

peas. GA-antagonised or IAA-promoted responses resulting from

KNap application may be dependent on the relative levels of en-

dogenous regulators.

INTRODUCTION

Naphthenic acids (petroleum acids) are monocarboxylic acids

of the naphthene (alicyclic) series of hydrocarbons. It has been re-

ported (Huseinov, 1960; Wort and Patel, 1970a; Wort and Patel,

1970b) that these acids and their sodium and potassium salts (Wort,

1969) have growth stimulating activity. They are natural compon-

ents of crude oil and are normally extracted using caustic alkalies.

R(CH
2

) nCOOH, may serve as a general formula, where R is a cyclic

nucleus composed of one or more rings. These rings may be al-

kylated and are predominantly cyclopentane (five membered) but

cyclohexane rings are present in varying amounts (Jolly, 1967).

The first report of increased metabolic activity was by Neuberg and

Sandberg (1921) when they observed an enhancement of the alcoholic-

splitting activity of yeast. Agronomic experimentation began in

Russia in the late 1940's. Soil application (Aslanov, 1970), seed

treatments (Bulavas and Rimkevicius, 1970) and seed soaking
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(Volkov, 1970) have produced increases in yield and protein content

in wheat. Gasanov (1970) reported foliar application of 0. 05% of

solution increased winter wheat yields 19-37%. Volkov (1970) noted

that spraying at tillering and flowering increased the yield and pro-

tein content of spring wheat, barley, oats, and millet.

Though numerous accounts show favorable agronomic res-

ponses on wheat, little physiological information is available. This

paper presents the effect of foliarly applied naphthenates on seedling

growth, CO2 exchange, and the levels of water-soluble sugars, pro-

teins, and amino acids.

MATERIALS AND METHODS

Twenty seeds of spring wheat 'Twin' were planted in 15-cm

plastic pots containing 20-mesh white quartz sand. Plants were

watered on alternate days with half-strength nutrient solution

throughout the experiments. Ten days after planting, the seedlings

were thinned to ten per pot. After thinning, pots for each sampling

date were placed in a latin square design, in a controlled environ-

ment room equipped with cool white fluorescent and 60-w incandes-

cent lamps providing 21.5 klux (425ue m-2 s
-1) at plant height. The

photoperiod was 12-hour, with day/night temperatures of 21/10+1C

and relative humidities 55/60+5%. Two weeks after planting, plants

were sprayed to drip with the appropriate concentration of potassium
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naphthenate (KNap). The spray solutions were prepared by the

neutralization of naphthenic acid, average molecular weight 230,

(Eastman Organic Chemicals, Rochester, NY) with KOH. The

spray solution also contained 0. 4% X-77 and was adjusted to pH 10

with HC1.

At weekly intervals pots were covered with a plexiglass as-

similation chamber in which CO
2

exchange was measured by an in-

frared gas analyzer. Carbon dioxide fixation (net photosynthesis)

and dark respiration were monitored and recorded for 1 minute

after peak readings were attained (10 min). Plants were removed

and another pot with plants was placed in the chamber for measure-

ment until all measurements were completed. Net photosynthesis

and dark respiration were summed and recorded as gross photo-

synthesis.

Plants from the experiment using the infrared gas analyzer

were harvested the subsequent midnight. Samples from the four

replicates were analyzed for water-soluble sugars, proteins and

amino acids using colorimetric procedures. One gram of leaf

blades or roots were immediately ground after harvest in a mortar

and pestle and then homogenized with a Servall homogenizer at high

speed for 2 minutes in a 0.1 M PO4 buffer pH 7.2 at 2 C. The

homogenate was centrifuged at 25,000 x g for 5 minutes at 2 C and

the residue was re-extracted twice in buffer then discarded. A
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2 ml aliquot of the combined supernatant was treated with 0. 22 ml

100% trichloroacetic acid (TCA). The protein was reprecipitated

with 10% TCA. The precipitated proteins were centrifuged at

10, 000 x g. Aliquots of the supernatant were analyzed for sugars

by the anthrone method (Yemm and Willis, 1954), and amino acids

by the ninhydrin method (Yemm and Cocking, 1955), with the acetate

modification of Moore and Stein (1954). Fructose and leucine were

used as standards, respectively. The precipitated protein residues

were extracted with ethanol, ether, chloroform (2:2:1) and centri-

fuged at 10, 000 x & for 10 minutes. This step was repeated twice.

Protein was solubilized with 2 ml 1N NaOH and allowed to stand

overnight. Aliquots of the above were used for the determination of

protein using the methods of Lowry et al. (1951) (at 500 nm) using

bovine serum albumin as the standard. Four samples were analyzed

per treatment.

RESULTS AND DISCUSSION

The effect of KNap concentrations on net photosynthesis, dark

respiration, and gross photosynthesis at weekly intervals after

treatment is shown in Table 1. Though no statistically significant

differences (5% level) were apparent, several trends are worthy of

note. The above three factors tended to be depressed for the first

two weeks after application. Immediate increases in diffusive
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Table 1. The effect of potassium naphthenate on net photosynthesis, dark respiration, and gross
photosynthesis 1, 2, 3, and 4 weeks after treatment.

Concentration

Net photosynthesis
mg CO

2
/plant/hr

(ppm) 1 week 2 weeks 3 weeks 4 weeks

0 2.19 3.04 3.06 3.99
250 2.02 2.88 3.42 4.07
500 1.91 2.82 2.97 4.22
750 1.94 2.61 3.12 4.65

Concentration

Dark respiration
mg CO2/plant/hr

(ppm) 1 week 2 weeks 3 weeks 4 weeks

0 1.11 1.90 2.06 2.41
250 1.03 1.80 2.00 2.57
500 0.92 1.87 2.06 2.60
750 0.97 1.67 2.05 2.81

Concentration
(PPm)

Gross photosynthesis
mg CO2/plant/hr

1 week 2 weeks 3 weeks 4 weeks

0 3.30 4.94 5.12 6.40
250 3.05 4.68 5.42 6.64
500 2.83 4.69 5,03 6.82
750 2.91 4.28 5.17 7.46
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resistance after treatment on bush beans and wheat have been noted

(Hi le and Chilcote, 1975). From the work here it is not possible to

explain whether this is a direct effect on guard cells or an indirect

one through metabolic activity. It also appears that subsequent

newly formed leaves have a reduced diffusive resistance (Hi le and

Chilcote, 1975). Four weeks after application all naphthenate

treatments exceeded the control in net photosynthesis, dark respir-

ation, and gross photosynthesis with the 750 ppm treatment exceeding

the control by 16.5% in these three measurements. Responses in

bush beans reported by Fattah and Wort (1970) are similar,

although no prolonged repression was seen. They showed that both

apparent photosynthetic and dark respiratory levels were signifi-

cantly elevated by KNap applications.

Alterations in water-soluble sugars, proteins, and amino

acids appear to be generally concentration related (Table 2).

Soluble sugars in the shoots and roots show the same basic pattern,

with an initial increase the first week and decreases at the re-

maining three weekly measurements after treatment. Protein levels

in the shoots for the first 2 weeks after treatment were not greatly

affected. Protein increases began to be apparent the third week

and at 4 weeks all naphthenate treatments exhibited higher levels of

soluble protein, with 750 ppm showing a 36% higher level of protein.

The roots exhibited an overall increase in protein content after
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Table 2. The effects of potassium naphthenate on water-soluble sugars, proteins, and amino
acids, 1, 2, 3, and 4 weeks after treatment.

Concentration

(ppm)

Soluble sugars
(mg/g fr. wt.)

1 week 2 week 3 weeks 4 weeks

A. SHOOTS

0 27.0 21.5 39.1 41.8
250 31.3 16.5** 24.5** 30.2**
500 30.2 16.5** 26.0** 33.1**
750 28.6 24.7** 36.7 38.1

B. ROOTS

0 7.3 9.7 14.5 17.6
250 9.8 8.0 8.6** 10.4**
500 11.0 8.7 10.0** 13.2**
750 12.0 10.5 9.1** 13.4**

Soluble proteins

(mg/g fr. wt.)

1 week 2 weeks 3 weeks 4 weeks

A. SHOOTS
0 18.8 19.8 10.7 13.7

250 20.4 20.0 11.4 16.1**
500 16.0 19.3 11.7 16.9**
750 19.0 19.3 12.5 17.9**

B. ROOTS
0 2.7 1.5 0.8 0.9

250 3.1 1.5 0.8 1.1
500 3.6** 1.7 1.2 1.1*
750 3.9** 1.9 0.9 1.3**

A. SHOOTS

Soluble amino acids
(11/g fr. wt.)

1 week 2 weeks 3 weeks 4 weeks

0 1747 1233 1279 1202
250 1758 1031** 1494 1462*
500 1766 1089** 1558 1768**
750 1860 999** 1652 1737**

B, ROOTS

0 1535 1662 1320 1289
250 1895 1244 1100 1081
500 1720 1296 1269 1154
750 1618 1624 1140 1189

*, ** = Value differs significantly from control value at the 5 and 1% levels, respectively.
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treatment with the first and fourth weeks being statistically greater

than the controls. This may indicate a greater anabolic enzyme

activity (Wort et al., 1973) as a result of KNap treatment. Huseinov

(1970), in a series of studies, showed greater root growth as a re-

sult of treatment with KNap.

Soluble amino acids present a less discernable pattern. In the

shoots during the second week, amino acid content decreased as

sugars decreased, with the 750 ppm rate being a glaring exception.

The general decrease could be partially explained by two factors.

First, the unavailability of carbons skeletons (low sugars) could

cause low amino acid levels. Secondly, during this period of time

tillers were rapidly growing and increasing in size, using available

sugars for growth. Tillers per plant (Table 3) appeared to be in-

creased as a result of treatment. Amino acids were significantly

increased the fourth week as were proteins with sugars being re-

pressed. No significant effects on amino acids were noted in the

roots, although the patterns were similar to that of sugars.

The trend toward significant increases in soluble protein and

amino acids, plus the significant decrease in soluble sugars, in-

dicate that more photosynthate is being channeled to the synthesis of

nitrogenous compounds. This relationship coupled with greater

soluble protein adds support to the suggestion of Wort et al. (1973)

that these compounds cause greater anabolic enzyme activity related



Table 3. The effect of potassium naphthenate on plant height at weekly intervals after treatment
and tillers/plant on termination.

Concentration
(PPm)

Plant height (cm)
1 week 2 weeks 3 weeks 4 weeks

Tillers /plant
% of check

0 31.6 34.5 38.1 42.3 100.0
250 28.0** 31.2** 35.5** 39.0** 111.5
500 27.2** 29.0** 33.7** 37.6** 105.8
750 26.5** 28.5** 33.7** 36.7** 106.2

= Value differs significantly from control value at the 1% level.
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to nitrogen metabolism.

Reductions in plant height (Table 3) were significant at all

concentrations and times of measurements. The degree of reduction

appears to be directly related to concentration, with the higher con-

centrations reducing height to a greater extent. Marcus and Goldth-

waite (1973) have reported that cyclopentanecarboxylic (CPCA) had

activity antagonistic to gibberellin (GA). They noted antagonism for

d
5

dwarf maize growth, Rumex leaf disc senescence, and amylase

production in barley half-seeds. They also showed that the inhibi-

tory effect on dwarf maize could be overcome by simultaneous ap-

plication of saturating doses of GA3 or GA7. This suggests activity

may be dependent on the relative levels of endogenous regulators.

The lack of activity in their studies of zeatin-inhibited senescence

in the Rumex system and auxin promoted growth of oat coleoptiles

adds some specificity for GA-induced effects. Previous field experi-

mentation (Hi le and Chilcote, 1975) has shown that the uppermost

nodes of treated spring wheat were significantly longer than their

corresponding controls. However, no reduction in overall height or

number of nodes was noted. This corresponds with the reduction

noted here on early seedling growth. Under the conditions of this

experiment height reductions were transient and were no longer

apparent at booting.

Loh (1974) suggests that KNap has at least two properties of
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auxin. He observed significant stimulation of adventitious rooting

in Phaseolus vulgaris L. stems and increases in the straight growth

test of dark grown Alaska pea stem segments, though less effective

than IAA. Additionally, Loh (1973) observed an increase (140.5%)

in the content of IAA in KNap-treated bush beans, suggesting an

augmentation of IAA biosynthesis. Increases in plant height have

been reported in Phaseolus vulgaris L. (Fattah and Wort, 1970).

As noted earlier, KNap contains both cyclopentane and cyclo-

hexanecarboxylic acids. Padmanabhan (1972) and Severson (1972)

feel that the glucose or aspartate conjugates of cyclohexanecarboxylic

acids are responsible for growth and metabolic stimulations they

have noted. A perplexing point now arises in the literature as the

response of two monocotyledons (corn and wheat in this study) may

be attributed to GA antagonism but the two dicotyledons (beans and

peas) are believed to be auxinic responses. Appropriate studies

(considering we are probably dealing with a weak antagonist of GA

and a weak promoter of IAA in this KNap mixture) using CPCA and

CHCA to solve this apparent dichotomy (differential height reduction)

are suggested.
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INFLUENCE OF SEVERAL PLANT GROWTH REGULATORS ON
AGRONOMIC AND QUALITY FACTORS IN SPRING WHEAT

ABSTRACT

The effect of several plant growth regulators applied to the

cultivars Twin and Anza spring wheat (Triticum aestivum L.) were

studied under field conditions. Agronomic characteristics evaluated

included grain yield components, plant height, internode lengths,

and flag leaf placement. Grain quality factors of protein, vitamin,

and mineral content were also evaluated.

2-chloroethylphosphonic acid (ethephon) and (2 -chloroethyl)

trimethylammonium chloride (chlormequat) regardless of rate or

time of application produced significant reductions in plant height.

Ethephon was more effective in height reduction than chlormequat.

Potassium cyclohexanecarboxylate (KCHC) and potassium naphthenate

(KNap) in many cases significantly increased the length of the upper-

most internodes.

Differential cultivar responses to growth regulator application

were evident with the exception of plant height and associated

measurements which were similar between cultivars with a given

regulator. Grain quality components exemplify these differential

responses. Vitamin content was generally lowered by KNap, and

KNap and KCHC lowered the mineral content of the grain. The
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cultivar Twin was generally more responsive in component altera-

tion than Anza. Individual quality components appeared to be

affected independently.

INTRODUCTION

Wheat may be described as a pillar of human nutrition, both

in the U. S. and worldwide. Senti and Rizik (1974) point out that

the U. S. national average per capita (protein, thiamine, riboflavin,

pyridoxine, and niacin) availability provided by wheat is 14.2, 9. 7,

4. 6, 11.3, 10. 3%, respectively. It also provides major contribu-

tions of several minerals, particularly Ca and Mg.

Certain plant growth regulators have not only shown promise

for manipulating plant height and controlling lodging, but also may

increase yield and may affect quality. Prominent among these are

(2-chloroethyl) trimethylammonium chloride (chlormequat), 2-

chloroethylphosphonic acid (ethephon), potassium naphthenate (KNap)

and the individual naphthenic acid salt potassium cyclohexanecar-

boxylate (KCHC) which were chosen for study because of significant

reported effects on yield and yield components. Little is known of

quality effects particularly on vitamin and mineral content.

Yield increases from chlormequat application have often been

attributed to the prevention of lodging. Yet even in the absence of

lodging, applications have produced increases in yield. Working
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with spring wheat, Humphries et al. (1965) found that although un-

treated plants did not lodge, chlormequat increased mean grain

yield by 5% by increasing the number of ears and number of grains

per ear. Larter et al. (1965) showed varietal differences in

response on barley. No yield differences under restricted water

conditions were noted although chlormequat reduced water con-

sumption. Goodin et al. (1966) also observed less water use in

chlormequat-treated wheat. He felt that seed production depends

more on seeds per head than the number of seed heads or an in-

creased seed weight. Bokhari and Younger (1971) using the uniculm

barley mutant, which under normal conditions produces no tillers,

found tillering with increasing chlormequat concentration. Greater

grain yield in their study resulted directly from the larger number

of tillers.

Brown and Early (1973) reported that ethephon effectively re-

duced plant height and lodging in wheat and oats (Avena sativa L.).

They noted that higher yields in ethephon-treated plots were gen-

erally associated with heavier seeds. Rowland (1973) working with

both chlormequat and ethephon felt that chlormequat was suitable

for controlling lodging but that it was not practical to use ethephon

for this purpose. This is probably due to the high rates of applica-

tion (1.5 and 3.0 kg/ha ai) since he observed a 13.2% reduction in

the number of fertile spikelets per ear. But large increases in
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fertile tillers were seen with all ethephon application rates or

times.

The potassium salt of naphthenic acids (Pract.), [members

of the naphthene(alicylic) series of hydrocarbons] have been shown

to have profound effects on early wheat seedling growth (Hi le and

Chilcote, 1975). Increases have been reported in both yield and

protein content of spring wheat, barley, oats, and millet when

sprayed at tillering and flowering (Volkov, 1970). Gasanov (1970)

reported foliar application of 0. 5% of solution increased winter wheat

yields 19-37%. Wort and Patel (1970) in pot studies have shown

increases in the yield of spring wheat. Goryaev et al. (1967) have

shown both increases and decreases in growth depending on the

fraction obtained.

Specific regulators may allow management of plant growth

and development, to facilitate harvest and crop recovery. But little

information is available on the effects of these regulators, especi-

ally ethephon and the naphthenates, on wheat yield and quality. In-

formation on quality is particularly significant, as wheat provides

such a large source of vitamins and minerals in the human diet. The

purpose of this study is to further elucidate the effects of growth

regulators on quality and evaluate height alteration under prevailing

environmental conditions.
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MATERIALS AND METHODS

Two cultivars of spring wheat ('Twin' and 'Anza') were

selected for this study because of their diverse genetic background

and contrasting morphological characteristics. Two sets of field

experiments were conducted in 1974. In both experiments wheat

was seeded in 30-cm rows at approximately 100 kg/ha. Eighty kg/ha

of nitrogen was supplied as ammonium nitrate, preplant. Treat-

ments are described in Table 1. Growth stages were described

after the scale of Zadoks et al. (1974). Using this scale growth

stages are placed on a 2 digit code and the stages on which treat-

ments were made are given in Table 1.

Potassium naphthenate (KNap) spray solutions were prepared

by the neutralization of naphthenic acids, average molecular weight

230, (Eastman Organic Chemicals, Rochester, NY) with KOH and

adjusted to pH 10 with HC1. Potassium cyclohexanecarboxylate

(KCHC) was prepared by the neutralization of cyclohexanecarboxylic

acid with KOH. Aqueous sprays of KNap, KCHC, chlormequat and

ethephon contained 0. 4% X -77 as a surfactant.

In the first experiment separate randomized complete block

designs with six replications were used for each cultivar. Foliar

applications were made using a hand sprayer and adjacent plots were

shielded from drift. The plots were trimmed to 1.2 meter by 4.6
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Table 1. Description of treatments in Experiments 1 and 2 including chemical, rates, and stages
of application.

2/Treatment Chemical Rate Growth stage- Description
(PPM Number

Experiment 11/
1 Control -- -- --
2 KNap 1000 12 2 leaves unfolded
3 KNap 5000 12 2 leaves unfolded
4 KCHC 1670 12 2 leaves unfolded
5 Ethephon 520 32 2nd node just detectable
6 Ethephon 1040 32 2nd node just detectable
7 Ethephon 520 45 boots swollen, flag leaf opening

not apparent
8 Ethephon 1040 45 boots swollen, flag leaf opening

not apparent

Experiment 211
1 Control -- -- --
2 KNap 250 12 2 leaves unfolded
3 KNap 500 12 2 leaves unfolded
4 KNap 750 12 2 leaves unfolded
5 KCHC 334 12 2 leaves unfolded
6 KCHC 835 12 2 leaves unfolded
7 Chlormequat 1852 22 main shoot and 2 tillers visible
8 Chlormequat 4630 22 main shoot and 2 tillers visible
9 Chlormequat 9260 22 main shoot and 2 tillers visible

10 Chlormequat 1852 32 2nd node just detectable
11 Chlormequat 4630 32 2nd node just detectable
12 Chlormequat 9260 32 2nd node just detectable

1/
540 liters/ha spray volume.

2/
Stages and descriptions after Zadoks et al. (1974).

3/
Sprayed to drip.
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meter and the entire area harvested for yield and quality determin-

ations. The agronomic traits of plant height, spikes per meter of

row, seeds per spike, seed weight, and yield were determined. In-

ternode lengths and flag leaf measurements were made on eight

plants per replication 2 weeks prior to harvest. Two samples were

taken from the harvested material of each replication and analyzed

for percent protein (% N x 5. 7) by the method of Nelson and Som-

mers (1973). A bulk sample was prepared for each treatment by

sampling each replication. The amount of material taken from each

replication was based on the percentage of total treatment yield pro-

vided by that replication. The bulk sample from each treatment was

taken and analyzed commercially for mineral content (Atomic Emis -

sion Spectrophotometry) and vitamins B1, B2, B6 and niacin using

AOC 39.024-.029, 39.040-.042, 39.142-.147 and 29.080-.081,

respectively.

In the second experiment sufficient plants were selected at

random in the large border area, so that 50 plants per treatment

could be collected for measurement and analysis. Plants were

sprayed to drip with a hand atomizer. The individual plants were

harvested and plant height and yield components were measured.

The grain, five sets of ten plants each, was analyzed for percent

protein (% N x 5. 7) as previously noted.
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Plant height and associated measurements were significantly

altered due to treatment (Table 2). Ethephon regardless of stage

or rate of application produced significant reductions in height,

decreased the distance between the upper internodes which resulted

in the flag leaf being closer to the spike (1% level). Responses due

to KNap or the individual naphthenic acid salt KCHC were not as

visually apparent as the ethephon treatments. Significant but minor

reductions in height were noted in Twin but not with Anza at the

higher KNap application. Both varieties exhibited significant in-

creases in length of the first internode and distance from the flag

leaf to the collar of the spike at the lower rate of KNap. This was

accompanied by a trend (although statistically non-significant)

toward increased plant height. KCHC increased both internode

lengths as well as flag leaf distance in Twin but no statistical

changes were noted with Anza.

Tillers per meter of row were slightly but not significantly

altered by any treatment.

Seeds per spike were statistically reduced by the earliest

ethephon applications on both cultivars (Table 2). KCHC and the

higher rate of KNap also decreased the number of seeds per spike.



Table 2. Effects of several plant growth regulators on agronomic characteristics of two cu.ltivars of spring wheat in Experiment 1.

Culti- Treat- Height Internode length?/ (cm) Flag leafli Spikes/ Seeds/ Seed wt. Yield
var ment cm No. 1 No. 2 Distance cm meter row s ike m /seed k /ha
Twin 11/ 4/84.4- 33.6 20.8 16.6 155 45.0 38.4 5634

2 84.9 35.3* 21.1 18.0* 155 45.8 38.7 5729
3 83.0** 35.5* 20.5 16.4 166 43.4 39.0 5559
4 84.8 35.8** 21.7** 18.2* 171 45.9 39.3* 6197*
5 68.3** 28.8** 15.3** 13.1** 169 40.4** 38.4 5108**
6 65.1** 27.7** 15.3** 12.1** 168 39,9 ** 38.9 4835**
7 69.6** 26.1** 15.7** 8.9** 163 45,2 38,3 4974**
8 66.7** 24.4** 15.7** 7.5** 156 43.8 37.8 4666**

LSD
.05= 0.9 1.4 0.7 1.3 NS 1.8 0.7 473
.01= 1.1 1.8 0.9 1.6 NS 2,4 0.9 636

CV = 3.0% 8.1% 6.6% 15.8% 19.9% 7.3% 3,2% 7.6%

Anza 1 70.4 33.8 13.7 18.3 164 43.0 43,5 5257
2 70.9 35.0* 13.7 19.3* 158 41.9 42.5 4904
3 70.4 34.3 13.8 19.0 166 40.1** 42.8 5102
4 70.4 34.2 13.3 19.0 167 39.3** 42,6 4922
5 60.0** 27.8** 11.1** 13.2** 172 39,1** 41.0** 4964
6 57.8** 26.5** 11.2** 11.7** 175 39.8** 40,4** 4797
7 62.6** 27.9** 11.9** 12.6** 166 41.4 40.4** 4856
8 60.7** 26.1** 11.9** 11.4** 164 41,3 40.2** 4845

LSD

.05= 0.7 1.0 0.5 0.9 NS 2.2 1,1 NS

.01= 0.9 1.3 0.7 1.2 NS 2.8 1.4 NS
CV = 1.9% 5.7% 7.0% 10.3% 15.2% 9.3% 4.6% 9.7%

*,** = Value differs significantly from control value at the 5 and 1% levels, respectively.

1 /DescribedDescribed in Table 1.
2/

Internode No. 1 is the peduncle or uppermost internode, No. 2 is the internode just below the peduncle.
3/4,

8, 8, 8, 4, 12, 4, and 1 observations per replication, respectively.
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Seed weight of Anza was significantly lowered by all ethephon

treatments but little effect was noted on Twin (Table 2). A signifi-

cant increase in seed weight from KCHC application was noted but

only on the variety Twin.

The yield of Twin was significantly lowered by all ethephon

treatments while Anza was not affected. A significant increase

of 10% in yield of Twin was observed with KCHC application.

The effects of growth regulator treatments upon protein con-

tent in the grain are presented in Table 3. Protein content was

little affected by any of the naphthenate treatments. The variety

Twin exhibited small but significant increases in protein with all

ethephon treatments. However Anza was not statistically affected

although a trend is apparent which is opposite to the response of

Twin.

Results of analyses of vitamin content are presented in Table 3.

Though bulk samples are not conducive to statistical analysis several

trends are worthy of notation. Niacin tended to be increased by all

treatments with the ethephon treatments appearing to have the

greatest enhancing effect. Pyridoxine (vitamin B6) content seemed

to be unaffected in Twin, whereas in Anza it appeared to be reduced

by all treatments with the naphthenates giving the greatest reduction.

Riboflavin (vitamin B2) content in Twin appeared to be enhanced

slightly by ethephon application at both stages of development, but
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Table 3. Effect of several plant growth regulators on protein and
vitamin content in the grain of two cultivars of spring
wheat in Experiment 1.

mg/100g
Cultivar Treatment % Protein B1 B2 B6 Niacin

Twin

Anza

1 8.98 .45 .12 .37 5.3
2 8.93 .49 .12 .37 5.5
3 8.94 .46 .12 .36 5.5
4 9.43 .39 .12 .37 5.7
5 10.10** .39 .13 .36 6.0
6 10. 33 ** .42 .13 .36 6.1
7 9.92* .46 .13 .37 5.8
8 11.04** .49 .13 .37 6.2

1 10.42 .41 .12 .37 4.5
2 9.94 .41 .12 .33 4.7
3 10.02 .38 .12 .33 4.7
4 9.46 .39 .12 .30 4.9
5 10.16 .41 .12 .36 5.0
6 9.86 .38 .12 .35 5.1
7 10.50 .45 .13 .33 5.0
8 10.30 .42 . 13 .31 4.9

All data expressed on a dry wt. basis.
** = Value differs significantly from control value at the 5 and 1%

levels, respectively.
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only in the later stage for Anza. Ethephon applied at the later date

seemed to enhance thiamine (vitamin B1) content as compared to

the control or earlier application. Doubling the rate of ethephon

on Twin tended to increase the content of B1 whereas in Anza the

reverse seemed apparent. Increasing the rate of KNap seemed to

result in decreased B1 content and KCHC seemed to reduce B1 con-

tent in both cultivars.

The effects of the growth regulators on mineral composition

in the grain of the two cultivars of spring wheat is listed in Table 4.

Of the eight minerals studied only four (Ca, Mn, Fe, and Zn) ex-

hibited trends related to treatment which may have nutritional im-

portance. It must be noted that these responses were, with the ex-

ception of Fe, only notable with the variety Twin as Anza was only

slightly altered in many instances and obviously was noticeably less

affected by treatment. Calcium content appeared to be lowered by

all chemical treatments, with the ethephon treatments resulting in

the lowest content particularly at the late application. Treated

material was also generally lower in Mn with the naphthenates pro-

ducing the greatest reductions. Naphthenate treatment also

appeared to lower Zn content.

Iron content appeared to be both lowered and elevated by

naphthenate treatment depending on cultivar. All of the naphthenate

treatments lowered grain Fe content in Twin, whereas the opposite
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Table 4. Effect of several plant growth regulators on mineral composition in the grain of
two cultivars of spring wheat in Experiment 1.

% Dry wt. ppm Dry wt.

Cultivar Treatment K P Ca Mg Mn Fe Cu Zn

Twin 1 .43 .40 .031 .13 .36 49 9 54

2 .49 .40 .028 .12 .27 41 5 44

3 .46 .38 .023 .11 .25 31 6 44

4 .45 .38 .027 .12 .26 39 7 47

5 .44 .46 .027 .13 .31 61 7 53

6 .45 .44 .024 .13 .31 52 7 54

7 .44 .43 .024 ,12 .30 56 7 56

8 .46 .43 .023 .12 .31 46 7 54

Anza 1 .38 .46 .040 ,13 .30 46 5 47

2 .41 .44 .040 .12 .28 44 5 45

3 .39 .42 .027 .12 .29 53 7 42

4 .40 .44 .039 .12 .31 51 5 44

5 .39 .46 .036 .12 .30 54 7 46

6 .38 .47 .037 .13 .31 65 7 44

7 .38 .43 .036 .12 .28 55 5 46

8 .42 .45 ,035 .11 .30 56 6 49

All data expressed on a dry wt. basis.
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trend was present in Anza. Ethephon treatment appeared to result

in higher Fe content in both cultivars.

Experiment 2

Treatment effects on plant height in Experiment 2 are pre-

sented in Table 5. Reductions in plant height from chlormequat

treatment were significant at all concentrations and times. Though

most of the naphthenate treatments were taller than their respective

controls only the 500 ppm KNap treatment on Twin was significantly

effected (5%).

Tillers per plant were significantly increased on both cultivars

with 500 ppm KNap and 835 ppm KCHC. Applications of 250 ppm

KNap and 9260 ppm chlormequat (Stage 22) also produced statistically

greater numbers of tillers on Anza. Additionally all KNap, KCHC,

and early applications of chlormequat tended to increase tillering.

Significant changes in seed weight were only apparent on

Twin. Increases were noted with both KCHC treatments and KNap

at 250 and 500 ppm. A significant reduction in seed weight was

observed following application of chlormequat (4630 ppm) at Stage 22.

No statistical changes in seeds per spike were observed.

Yield was significantly altered by several treatments. KNap

(500 ppm) and KCHC (835 ppm) significantly increased yield in both

cultivars. Twin additionally responded to KNap (250 ppm) and
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Table 5. Effects of several plant growth regulators on agronomic characteristics and % protein of

two cultivars of spring wheat in Experiment 2.

Grain/

Height Tillers/ Seeds/ Seed wt. plant Protein

Cultivar Treatment (cm) plant spike mg/seed (g)

Twin 1 84.7 5.25 35.6 35.4 6.54 9.21

2 85.6 5.48 35.4 36.6** 7.06* 9.58

3 85.8* 5.66** 35.6 36.6** 7.31** 9.64

4 85.1 5.38 35.7 35.6 6.71 9.49

5 85.1 5.49 35.9 36.7** 7.11* 9.63

6 84.9 5.63* 36.1 36.6** 7.43** 9.72

7 79.1** 5.46 35.7 35.0 6.76 9.44

8 76.3** 5.53 35.4 34.4* 6.71 9.61

9 74.2** 5.49 34.9 34.7 6.54 9.19

10 81.7** 5.17 35.4 35.5 6.47 9.34

11 79.6** 5.08 35.5 35.1 6.31 9.18

12 78.9** 4.97 35.1 35.2 6.11* 9.13

Anza

LSD
.05= 0.9 0.29 2.1 0.8 0.43 0.77
.01= 1.2 0.39 2.7 1.0 0.58 1.33

CV = 2.8% 13.7% 14.7% 5.6% 16.3% 6.4%

LSD

1 70.9 5.34 34.1 38.4 6.92 10.61

2 71.4 5.65* 34.5 38.1 7.37 10.15

3 71.7 5.81** 34.2 38.7 7.54* 10.89

4 71.3 5.44 34.0 37.7 7.03 10.18

5 71.3 5.56 34.2 38.9 7.29 10.54

6 70.5 5.87** 33.6 39.3 7.58* 10.31

7 67.6** 5.63 33.4 38.7 7.37 10.77

8 64.7** 5.62 33.3 37.6 7.07 10.81

9 62.6** 5.72* 32.9 38.7 7.21 10.43

10 68.5** 5.39 33.4 37.9 6.78 10.59

11 67.1** 5.27 34.1 37.3 6.74 10.94

12 66.7** 5.47 33.2 37.4 6.86 10.79

.05= 0.8 0.31 2.0 1.3 0.51 0.77

.01= 1.1 0.41 2.7 1.7 0.67 1.03

CV = 3.1% 14.1% 15.2% 8.7% 17.9% 5.7%

*
y ** = Value differs significantly from control value at the 5 and 1% levels, respectively.
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KCHC (418 ppm) applications. A yield reduction was noted at the

highest rate and the latest stage of application of chlormequat.

Protein content was not significantly altered on either cultivar

although Twin appeared to have elevated grain protein levels after

treatment with the naphthenates.

DISCUSSION

Cultivar differences in yield were noted in this study of

responses to growth regulator application. KCHC produced signifi-

cant increases in yield at all rates tested on the cultivar Twin. But

in Anza only the (835 ppm) rate in Experiment 2 caused an increase

in yield. This is not uncommon as Larter et al. (1965) has shown

that two cultivars of barley responded differentially to chlormequat

application. Appleby et al. (1966) has reported similar findings

with winter wheat.

The significant decrease in yield when chlormequat was ap-

plied at 9260 ppm, when the second node was just detectable, and

the general trend towards lower yields from chlormequat at this

stage of development may be the result of leaf scorching. This has

been previously reported (Humphries et al., 1965) and may also

account for the relative lower number of tillers at the late applica-

tion. Survival of late formed tillers may not be favored due to the

temporary but significant reduction in effective leaf area.
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Though ethephon at both rates and stages produced significant

increases in protein with Twin, these increases were associated

with appreciable decreases in yield, however protein yield per acre

remained relatively constant. Of particular interest is the general

elevation of protein content with all of the naphthenates applied in

Experiment 2, as these were also associated with elevated yields,

thus protein yield per acre would be greater. The results from

Experiment 1 do not show this trend. Rates in Experiment 1 may

have been too high or the spray coverage was not sufficient for

responses in protein content. It has been suggested by Wort et al.

(1973) that increases in protein content in Phaseolus vulgaris L.

from naphthenate application is related to greater anabolic enzyme

activity related to nitrogen metabolism. It also has been shown that

a shunting of carbon skeletons from carbohydrate to nitrogen

metabolism appears to exist after naphthenate treatment on wheat

seedlings (Hile and Chilcote, 1975). It would appear that a potential

exists to advantageously manipulate protein content and yield in

specific cultivars.

The results of the vitamin and mineral analyses may serve

as an indication of possible effect; though bulk samples, no matter

how well composited or analyzed, do not allow statistical inter-

pretation of inherent biological variability. Even so, it appears

that niacin content may be beneficially elevated as all regulators in
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Experiment 1 showed trends to increase on both cultivars. KCHC

in general adversely affected vitamin content, and KCHC and KNap

lowered mineral content. Of interest is the sizeable increase in Fe

content in both varieties from ethephon application. This has not

been previously reported. Op linger et al. (1975) noted increases

in groat Fe content in oats but as the result of RH-551 application

which is similar in action to ethephon.

It is apparent that the rates of KNap used in Experiment 1

were not in the correct range or the coverage was not sufficient as

the lower rates employed with the individual plants produced sig-

nificant effects on yield. The particular rate which should be used

appears to be governed by the effect of environmental preconditioning

effects on endogenous regulators. Whereas chlormequat and ethephon

give fairly consistent visual effects, height reduction and increased

tillering, the naphthenates are highly unpredictable.

What appears certain from both visual and statistical analysis

under this set of environmental conditions is that ethephon is far

more effective than chlormequat in reducing plant height. In the

cultivar Twin it is not uncommon to observe some very tall plants.

But within ethephon-treated plots they were not apparent. This con-

trasts with additional observational areas sprayed with chlormequat,

in which tall plants present were reduced to varying degrees. The

seed heads in ethephon-treated plots were thus placed in a more
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narrow plane, resulting in fields which would be more uniform and

easily combined.
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YIELD AND NUTRITIONAL QUALITY RESPONSES OF
SNAP BEANS TO PLANT GROWTH REGULATORS

ABSTRACT

The effects of plant growth regulators on yield and nutritional

quality of snap beans (Phaseolus vulgaris L.) were studied under

field and controlled environment conditions.

No significant increase in yield, marketable or total pods per

plant resulted from regulator treatments in the field. Protein con-

tent was significantly (5%) increased in the spring planting by at

least one rate of all the regulators with the exception of potassium

cyclohexanecarboxylate (KCHC) which lowered protein content. B-

carotene content tended to be lowered by all regulator treatments in

the spring planting but several significant increases were observed

from application in the summer planting. Ascorbic acid content

was significantly decreased by all regulator treatments in the spring

planting but not in the summer planting.

Controlled environment studies using high temperature (39,

35 C) and low relative humidity (20, 30%) following preconditioning

(26 C, 80 and 45% RH) appeared to little effect protein and B-

carotene contents. But ascorbic acid content was drastically re-

duced the first day after exposure. Though plants tended to adjust
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they did not reach the levels of ascorbic acid of unexposed, precon-

ditioned plants. Treatment with potassium naphthenate (KNap) tended

to lower levels more and retard adjustment to the higher tempera-

tures.

INTRODUCTION

Bush beans are of major economic importance for processing

in Oregon. They are an important source of ascorbic acid and

vitamin A in the diet. Numerous workers have reported increased

yield and nutritional quality in snap beans from growth regulator

application. Murneek et al. (1944) reported that under hot and dry

weather conditions yields were increased 59 to 72% by treatment with

naphthaleneacetic and naphthoxyacetic acids. Wittwer and Murneek

(1946) noted that these compounds were not consistently effective in

increasing yields.

Tompkins et al. (1971) using 5 chloro, 2-thenyl, tri-n-butyl-

phosphoniumchloride (CTBP) found increased pod set and yields of

two cultivars planted in late summer and two of four planted in the

late spring. They also noted that Ca, Mg, P, and K levels were not

influenced by CTBP treatment. Weigle et al. (1973) working with

CTBP and other compounds also found increased pod set in beans.

However this initial increase in pod set was not retained through

harvest. Campbell and Greig (1974) attributed increased yield,
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from CTBP and TIBA, to greater pod set. They also found no dif-

ference in P, K Ca, Mg, Fe, or Zn levels in treated foliage samples.

Rathore and Wort (1971) observed that 2, 4-D-micronutrient

sprays increased yield and ascorbic acid content of green pods. The

same effect has been shown more dramatically by Wort and associates

using potassium naphthenate. Fattah (1972) has shown that potas-

sium naphthenate can significantly increase the yield and ascorbic

acid content of green pods under greenhouse conditions. It was

also noted that during storage there was less ascorbic acid loss in

pods from naphthenate-treated plants as compared to untreated

plants.

This investigation was conducted to determine effects on yield

and nutritional quality of snap beans by growth regulator applications

under differing field and controlled environments.

MATERIALS AND METHODS

Oregon 1604, a bush blue lake snap bean cultivar, was used in

all experiments. The spring planting was planted May 8 on a

Chehalis silty loam and the summer planting was planted July 11 on

a Woodburn clay loam soil. A randomized block design with eight

replications was used in both locations. Stands were established at

about 31 plants per meter in .91 meter rows. Because of previous

crop history the spring planting received 50, 66, 40 and the summer
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planting received 110, 26, 50 kg/ha of N, P, K, respectively.

Single row plots were 8 and 3.5 meters in length in the spring and

summer plantings, respectively, with 4 and 2.5 meters harvested,

respectively.

Growth regulators and rates of application are listed in

Table 1. Plots treated with potassium naphthenate (KNap) and potas -

sium cyclohexanecarboxylate (KCHC) were sprayed 2 weeks after

planting. Applied at first bloom were: 2, 3, 5-triidobenzoic acid

(TIBA), 5 chloro, 2-thenyl, tri-n-butyl-phosphoniumchloricle (CTBP)

and XE326-S (Chevron proprietary). Applications were made with

a handsprayer at a spray volume of 540 liters/ha with 0. 4% X-77

added as a surfactant.

Plants were pulled by hand and all pods were removed to simu-

late a once-over mechanical harvest. Individual plots were weighed

and two replications were combined by treatment and mechanically

graded into sieve sizes and weighed. Immediately, after sizing and

weighing, pod samples of sieve size 4 were blanched, canned, frozen,

and stored at -40 C for later analyses. Marketable (over four cm

in length) and total pods were determined three days prior to harvest,

from samples of 10 plants per replication.



Table 1. Effect of several plant growth regulators on yield, sieve sizes, marketable, and total pods per plant of Oregon 1604 snap bean
grown under two sets of field conditions.

Spring planting
Vegetable Res.
Farm

Growth
regulator

Treatment
rate,
ppm

Yield
tons/acre

% Total
yield <

5 sieve sizes

Marketable
pods/

plant

Total
pods/
plant

Control 0 8.51 62 14.8 21.8
KNap 2500 8.23 65 15.6 22.6
KNap 5000 9.64 65 18.1 24.5
KCHC 1670 8.71 66 16.6 23.7
KCHC 3340 9.40 67 17.8 25.4
XE326-S 229 9.20 65 17.4 24.0
XE326-S 367 8.49 68 16.5 24.6
TIBA 11.5 9.11 68 16.8 23.9
TIBA 29.9 7.86 65 15.7 22.3
TIBA 45.9 9.30 66 17.4 25.6

LSD .= 1.14 NS NS NS.05
CV= 13.4% 4.1% 18.3% 21.9%

Summer planting
Hyslop Farm

Control 0 5.99 50 11.5 20.9
KNap 5000 5.83 52 12.3 22.9
KCHC 3340 5.87 53 12.4 22.7
XE326 -S 183 5.53 49 11.7 22.5
XE326-5 367 5.84 51 11.9 23.8
TIBA 11.5 5.40 47 11.4 23.2
TIBA 22.9 5.13 44 10.6 25.3
CTBP 12.5 5.61 51 10.9 20.0
CTBP 25.0 5.37 52 10.4 22.9

LSD.05, NS NS NS NS
CV= 11.0% 5.3% 15.5% 21.3%



Greenhouse experiments

Eight seeds were planted in 15-cm plastic pots containing

vermiculite. Visual uniformity of plants was obtained by thinning

to one plant per pot 3 days after emergence.
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Plants were placed

after sowing in two controlled environment rooms differing only in

relative humidity. Cool white fluorescent and 60-w incandescent

lamps provided 25.8 klux at plant height. The photoperiod in both

rooms was 14 hour with day/night temperatures of 26/21+1 C. Rela-

tive humidities (day/night) in controlled environments rooms were

80/85+5 and 45/50+5%, respectively. Plants were watered on alter-

nate days with half-strength nutrient solution. Later as tempera-

tures were elevated all treatments were watered twice daily.

Fourteen days after planting, primary leaves were fully ex-

panded and the first trifoliate leaf was in the bud, the foliage of half

of the 90 plants contained in each chamber was thoroughly sprayed

with a 5000 ppm solution of KNap.

Ten days after flowering, groups (15 control and 15 treated)

from each preconditioning treatment were placed in chambers with

39/21 C-20/30% RH and 35/21 C-30/40% RH. An attempt was made

to balance light intensity and photoperiod between the chambers. At

noon on the date of transfer the original chambers were sampled.

Sampling consisted of picking at least 20 pods (approximately sieve
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size 4) per treatment. These were immediately cut into 1-cm

pieces, blanched, canned, frozen, and stored at -40 C for later

analyses. Pods from all chambers were sampled at noon, 1, 3,

and 5 days after exposure to high temperature and low relative

humidities and compared to samples taken from plants in the orig-

inal chambers.

Frozen, blanched samples were analyzed without thawing for

B-carotene using AOAC 39.015-39.017 and ascorbic acid by the

method of Pearson (1970). Samples were also dried to constant

weight for % moisture. Dried material was ground to 40-mesh and

analyzed for total N (Nelson and Sommers, 1973) and reported as

% protein (%N x 6. 25). All tabulated data are reported on a 90%

moisture basis.

RESULTS AND DISCUSSION

No growth regulator treatment at either planting time re-

suited in significant (5%) increases in yield, marketable, or total

pods per plant (Table 1). Six of 9 regulator treatments produced

greater yield than the control in the early planting but all were

lower in yield in the late planting.

Protein,B-carotene and ascorbic acid contents of pods (Table 2)

from treated plants were altered in many cases significantly even

though the growth regulators failed to effect yield. Protein content



Table 2. Effect of several plant growth regulators on protein, B-carotene, and ascorbic acid content of Oregon 1604 snap bean grown under two
sets of field conditions.

Spring planting Growth Treatment Protein B-carotene Ascorbic acid
Vegetable Res. regulator rate %

1/ p, g/ 100g mg/100g
farm (131311) Fresh wt.- Fresh wt. Fresh wt.

Control 0 1.52 249 13.8
KNap 2500 1.52 207 12.6**
KNap 5000 1.59** 208 11.54*
KCHC 1670 1.45)M' 185 11.54.i,
KCHC 3340 1.43** 219 10.4**
XE326-S 229 1..62 ** 178 11.3**
XE326-S 367 1.46** 198 12.9**
TIBA 11.5 1.58** 193 11.5**
TIBA 29.9 1.61** 178 10.8**
TIBA 45.9 1.61** 180 11.1**

LSD = .034 NS .74.
CV=

01
4.0% 19,9% 2,7%Summer planting

Hyslop Farm
Control 0 2.01 287 16.4
KNap 5000 1.82 293 18.5
KCHC 3340 1.83 330 17.9
XE326-S 183 1.94 347* 15.7
XE326-S 367 2.03 300 15.1
TIBA 11.5 1.90 367** 17.1
TIBA 22.9 1.74 347* 17.7
CTBP 12.5 1.85 310 16.7
CTBP 25.0 1.97 343* 15.9
LSD

.05= NS 48 NS

.01= NS 66 NS
CV= 9.7% 8.5% 8.7%

1/
Fresh weights based on pods corrected to 90% moisture content.

=,*,**.= Value differs from the control value at the 5 and 1% levels, respectively.
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was increased (5% level) at the early planting by at least one rate

of all the regulators with the exception of KCHC which lowered

protein content. No significant alterations of protein content re-

sulting from treatment was observed in the late planting.

B-carotene content tended to be lowered by all chemical treat-

ments in the spring planting. In contrast, B-carotene content in the

summer planting appeared to be raised by growth regulator applica-

tion; XE326-S (183 ppm), CTBP (25 ppm) and both rates of TIBA

(11.5, 22.9 ppm) produced significant increases in B-carotene.

Ascorbic acid content of pods was significantly lowered by

all growth regulator applications in the spring planting but they had

no significant effects in the summer planting. KNap and KCHC

appeared to elevate ascorbic acid though not significantly. Fattah

(1972) has shown significant increases in ascorbic acid content in

green pods grown in the greenhouse. The differential response in

ascorbic acid content between the times of planting, particularly in

respect to KNap application appears conflicting. Aliev (1965) has

reported an increase in ascorbic acid content in fruits of KNap

treated tomato plants; Chu (1969) reported a decrease.

The failure of bush beans to respond similarly in yield or

nutritional quality at the two dates of planting may be due to differ-

ent prevailing environmental conditions after treatment. The spring-

planted bush beans were harvested under conditions of high
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temperature and low relative humidity, whereas the summer

planting experienced overcast skies with lower temperature and

light intensity.

Hume et al. (1972) have reported positive yield responses to

TIBA only in years when precipitation was above normal. Vetter

et al. (1970) suggested moisture deficiency may have restricted

favorable response of flax to TIBA application. Increases in soy-

bean pod number using TIBA in greenhouse and growth chamber

studies have been observed by Ohki and McBride (1972). They have

also found that the imposition of low soil moisture conditions some-

times produced negative responses to TIBA. Stutte et al. (1974)

feel that growth regulator application to increase seed yield must

be accompanied by adequate water during flowering and pod-filling

stages of soybean development. Stutte (1974) suggests that high

temperature during pod development may contribute more to yield

loss than water stress.

Epinasty of the upper leaves and interveinal puckering made

TIBA-treated rows visually apparent 4 days after treatment. This

response was transient since 9 days after treatment no visual

symptoms could be observed.

Spring-planted snap beans experienced conditions of lower

temperature and higher % relative humidity than did the summer

planting. Visual wilting in the field at harvest was observed in the
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spring-planted snap beans but not in the summer planting. It is

conceivable that plant moisture stress is possible even when ade-

quate soil moisture is available, particularly if plants are precondi-

tioned to high moisture conditions.

The effect of temperature and relative humidity levels on

protein, B-carotene, and ascorbic acid contents grown in controlled

environments are presented in Tables 3, 4, and 5, respectively.

Protein and B-carotene levels appeared to be little affected by

elevated temperature or low relative humidity levels. KNap appli-

cation appeared to effect protein content more under preconditioning

with high relative humidity and treated plants seemed to tolerate

higher temperatures.

Pods were selected of the same sieve size over a 6-day period.

The maturity of pods would increase with time even though they are

all about sieve size 4. The general increase in protein content and

decrease in B-carotene content with increasing maturity corresponds

well with the work of Flynn et al. (1946).

Ascorbic acid content (Table 5) was drastically lowered the

first day after exposure to high temperature and low relative humid-

ity. Stressed plants tended to adjust to their new growing conditions

but after 5 days had not reached levels comparable to those without

stress. KNap tended to reduce ascorbic acid contents under stress

more than the untreated control. In addition, treated plants did not



Table 3. Effect of temperature and relative humidity levels on protein content of preconditioned
snap beans (Oregon 1604), treated with KNap.

Preconditioning treatment 1.

26/21 C, 80/85% RH

Treatment Temperature

Day/Night
C

RH

Day/Night
% 0

% Protein

Days after exposure
1 3 5

39/21 20/30 2.00 2.27 2.24
Untreated 35/21 30/40 - 2.07 1.99 2.19

26/21 80/85 1.95 1.94 2.07 2.22

29/21 20/30 2.11 2.27 2.42
5000 ppm 35/21 30/40 - 2.22 2.32 2.34

KNap 26/21 80/85 2.02 2.24 2.39 2.41

Preconditioning treatment 2.

26/21 C, 45/50% RH

Treatment Temperature RH % Protein

Day/Night Day/Night Days after exposure
C % 0 1 3 5

39/21 20/30 2.05 2.04 2.28
Untreated 35/21 30/40 2.00 2.18 2.30

26/21 45/50 1.89 2.04 2.04 2.34

39/21 20/30 - 2.02 2.24 2.335000 ppm
35/21

KNap 30/40 - 2.05 2.29 2.38
26/21 45/50 1.97 1.99 2.21 2.37

47

All data based on pods corrected to 90% moisture content.
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Table 4. Effect of temperature and relative humidity levels on B-carotene content of preconditioned

snap beans (Oregon 1604), treated with KNap.

Preconditioning treatment 1.

26/21 C, 80/85% RH

Treatment Temperature

Day/Night

RH

Day/Night

0

mg B-carotene/100g

Days after exposure

1 3 5

Untreated

5000 ppm

KNap

39/21

35/21

26/21

39/21

35/21

26/21

20/30

30/40

80/85

20/30

30/40

80/85

-

397

401

356

379

427

373

389

373

341

393

371

356

378

398

337

329

343

322

344

355

Preconditioning treatment 2.

26/21C, 45/50% RH

Treatment Temperature

Day/Night

RH

Day/Night

0

mg B-carotene/100g

Days after exposure

3 3 5

Untreated

5000 ppm

KNap

39/21

35/21

26/21

39/21

35/21

26/21

20/30

30/40

45/50

20/30

30/40

45/50

-

-

364

-

351

348

354

400

341

354

372

356

329

353

343

379

368

317

308

317

317

291

335

All data based on pods corrected to 90% moisture content.
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Table 5. Effect of temperature and relative humidity levels on ascorbic acid content of precondi-
tioned snap beans (Oregon 1604), treated with KNap.

Preconditioning treatment 1.

26/21 C, 80/85% RH

Treatment Temperature RH mg ascorbic acid/100g

Day/Night Day/Night
0

Days after exposure
1 3 5

Untreated

5000 ppm
KNap

39/21
35/21
26/21

39/21
35/21
26/21

20/30
30/40
80/85

20/30
30/40
80/85

-
-

11.4

-
-

12.5

8.5
9.3

12.7

7.6
8.9

12.4

10.8
11.4
13.5

9.4
10.2
13.7

12.7
13.3
14.9

10.3
11.8
15.3

Preconditioning treatment 2.

26/21 C, 45/50% RH

Treatment Temperature RH mg ascorbic acid/100g

Day/Night
C

Day/Night
% 0

Days after exposure
1 3 5

39/21 20/30 9.6 12.1 12.7
Untreated 35/21 30/40 10.1 13,3 13.1

26/21 45/50 12.3 13.3 13.6 14.3

39/21 20/30 9.1 11.5 12.7
5000 ppm

KNap
35/21 30/40 11.7 12.9 13.9
26/21 45/50 12.1 12.8 14.1 14.7

All data based on pods corrected to 90% moisture content.
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adjust to the new stress situation as rapidly as untreated. The

reduction in ascorbic acid content in KNap-treated plants over that

of untreated controls may partially explain the large significant

reduction observed in the spring planting. The content of untreated

plants in the spring planting though low was further significantly re-

duced with all the regulators applied.

The metabolism of ascorbic acid has been shown to be

affected by external factors, such as light and temperature, by

Isherwood and Maps on (1962). But they could not establish any

definite relationship between temperature and ascorbic acid syn-

thesis. It is suggested here that preconditioning and subsequent

stress (high temperature and low relative humidity) can lower as-

corbic levels where those conditions without preconditioning would

have less effect. But the specific mechanism by which growth regu-

lators produced significant reductions in ascorbic acid under stress

remains unresolved. At this time, it is apparent that the predicta-

bility of specific responses to growth regulators is limited by an

incomplete understanding of mechanisms of action and their environ-

mental interactions.
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SEASONAL VARIATION IN YIELD AND NUTRITIONAL
QUALITY IN SNAP BEANS

ABSTRACT

The seasonal variation of yield, protein, B-carotene, and

ascorbic acid contents was observed in four snap bean cultivars

(Phaseolus vulgaris L.) in the field and under controlled environ-

ment.

The yield and maturity of individual cultivars varied with

planting date. Variation in mean protein content between planting

dates and cultivars was slight, with more variation observed be-

tween cultivars within a planting date. B-carotene content varied

between and within cultivars at different planting dates. The maxi-

mum variation for planting date and cultivar was 18 and 30%, res -

pectively. Cultivars varied within a planting date from a slight dif-

ference to 72%. Large variations in ascorbic acid content between

planting dates were evident.

Nutritional quality appeared to be affected more by the pre-

vailing environmental conditions near harvest even though yield

varied greatly between cultivars and to a lesser extent between

dates of planting. Ascorbic acid content appears to be more sensi-

tive to seasonal fluctuation in environment than B-carotene or

protein content.
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Subjection of cultivars to 80 and 50% relative humidity resulted

in differences in growth habit though no differences were observed

in yield or nutrient content. The relative ranking of yield of culti-

vars in controlled environments differed from that observed in the

field though differences in B-carotene and ascorbic acid contents

were similar.

INTRODUCTION

The relative concentrations of various nutritional quality com-

ponents in green snap beans have been shown to be highly variable

(Flynn, et al., 1946; Mack et al., 1939; Zscheile et al., 1943).

Investigators have shown that this variability in composition of

snap bean pods is due chiefly to differences in stage of maturity.

Zs cheile et al. (1943) have reported that carotene in the whole pods

of shorter beans was lower than that of longer, older ones. Wade

and Kanapaux (1943) have found no significant differences in ascorbic

acid content of small, medium, or larger pods within a cultivar.

Flynn et al. (1946) have reported that ascorbic acid and protein con-

tent gradually increase with increasing maturity. They also noted

lower ascorbic acid content in the fall as compared to the summer

whereas carotene content was higher, unfortunately these plantings

were not in the same season although in the same location.

The influence of seasonal patterns on nutritional quality in
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snap beans is an important practical concern. The interaction of

environmental factors within a season may make it difficult for food

processors to produce a product with a uniform nutritional value, or

the home gardener to harvest a product at a peak in nutrition for

canning. Younkin (1974) also points out that the interaction of en-

vironmental factors on the composition of food crops raises impor-

tant questions relative to testing procedures necessary to develop

data needed for GRAS classification of a new cultivar.

Bush snap beans are of major commercial importance in

Oregon. Bush beans are also an important source of ascorbic acid

and vitamin A. Little is known of the interaction of environmental

factors within a season on the nutritional quality of snap beans. This

study was conducted to determine the seasonal variation of yield and

nutritional value in snap beans. The variation of yield, protein,

B-carotene (Provitamin A), and ascorbic acid (Vitamin C) content

was observed in four commercial bush snap bean cultivars under

commercial conditions in the field and under selected controlled en-

vironments.

MATERIALS AND METHODS

Four cultivars of bush snap beans, 'Asgrow 290', 'Gallatin 50',

'Oregon 58', 'Oregon 1604', were planted on six different dates.

Dates of planting and harvest (which varied due to differential
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ripening) are presented in Table 1. A randomized block design was

used for each date. Single row plots were 6.1 meter long and the

middle 4.6 meter were harvested. Stands were established at about

26-30 plants per meter in 0.91 meter rows. Plots were fertilized

with 50, 66, 40 kg/ha of N, P, K respectively, by sidedressing

at time of planting. Plantings were irrigated by sprinkler at 7-10

day intervals, to maintain a good moisture status.

Table 1. 1974 Field Trial, Cultivar, planting and harvest dates of
four snap bean cultivars.

Cultivar

4/25 5/08
Planting date
5/28 6/07 6/18 7/15

Harvest date

Asgrow 290 7/24 7/28 8/09 8/16 8/20 9/24
Gallatin 50 7/18 7/26 8/05 8/12 8/23 9/19
Oregon 58 7/18 7/24 8/05 8/09 8/21 9/16

Oregon 7/18 7/24 8/05 8/12 8/21 9/18
1604

Planting and harvest dates of the four snap bean cultivars are

given in Table 1. Though all four cultivars were planted at each

respective planting date, harvest dates varied due to differential

ripening. Brendler (1969) has noted that though the yield of pod

sizes 1 through 4, expressed in terms of percentage of total yield,

can be used as a practical measure for some cultivars, different

standards may be necessary for different cultivars. Farkas (1967)
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suggests that seed size measurements should be continuously com-

pared with pod diameter distributions to maintain quality in the

processed product.

Cultivars were harvested when they were judged to be at

acceptable yield and maturity using both sieve size distribution and

seed size as criteria. Plants were pulled by hand and all pods

were removed to simulate a once-over mechanical harvest. Green

pods from each plot were weighed, combined by cultivar and mechan-

ically graded into sieve sizes and then reweighed for sieve size dis-

tribution. A 3-5 kg sample of sieve size 4 pods was immediately

taken to the laboratory, cut into 2-cm pieces, blanched, canned,

frozen, and stored at -40 C for later analyses.

One hundred grams of frozen, blanched samples from the field

were quickly cut into 5-mm pieces and mixed well, reduced to a

20 gram sample and without thawing analyzed for B-carotene using

AOAC 39.015-.017. Samples were treated similarly but reduced to

50 grams for ascorbic acid analysis by the method of Pearson (1970).

Samples were also dried to constant weight for % moisture. Dried

material was ground to 40-mesh and analyzed for total N (Nelson

and Sommers, 1973) and reported as % protein (%N x 6. 25). All

tabulated nutritional data are reported on a 90% moisture basis.
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Controlled environment studies

Snap beans were grown under controlled environment conditions

to determine: 1) The effect of relative humidity on yield and nutri-

tional quality; 2) if the relative ranking of the cultivars, in terms of
yield and nutritional quality, differed from that in the field.

Six seeds were planted in 15-cm plastic pots containing

vermiculite. Uniformity of plants was obtained by thinning to one

plant per pot 3 days after emergence. Plants were placed after

sowing in two controlled environment rooms differing only in relative

humidity. Cool white fluorescent and 60-w incandescent lamps pro-

vided 29.1 klux at plant height. The photoperiod in both rooms was

14 hour with day/night temperatures of 26 1/21+1 C. Relative

humidities (day/night) in controlled environment rooms were 80/85

and 45/50+5%, respectively. Plants were watered on alternate days

with half-strength nutrient solution. After flowering plants were

watered daily.

Plants were harvested when both yield and quality were maxi-

mum. Marketable pods (4 cm or longer) were weighed. Samples of

sieve size 4 pods were taken from each replication and immediately

cut in 2-cm pieces, blanched, canned frozen, and stored at -40 C

for later analyses. Analyses were conducted as previously des-

cribed for the field samples except only 25% as much material was
used.
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RESULTS AND DISCUSSION

Yield of individual cultivars varied with planting date (Table 2).

This variation in yield between planting dates has been previously

described by Haun et al. (1972), in several cultivars at several

locations. The 5/28 planting date, with subsequent midseason har-

vest dates, resulted in the highest mean yield of cultivars. Oregon

1604 produced the highest average yield exceeding all other cultivars

in 4 out of 6 dates of planting; sieve size distribution also varied

with planting date (Table 3). Both Oregon 1604 and Oregon 58 pro-

duced larger pods than Asgrow 290 before quality was affected.

Seed length (Table 4) was observed in sieve size 4 pod samples.

No pods contained seed smaller than 4 mm or longer than 12 mm.

With the exception of the 7/15 planting of Asgrow 290, seed length in

sieve size 4 pods varied from 4-8 mm. The differences of seed

length and sieve size distribution in these cultivars illustrates the

value of both these parameters to describe maturity for optimum

yield and quality.

Protein content of snap beans was recorded though not of major

nutritional importance in the diet. Protein levels varied between

cultivar and planting dates (Table 5). The variation between means

of planting dates and cultivars was slight, with more variation ob-

served between cultivars within a planting date (Figure 1).
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Table 2. 1974 Field Trial. Effect of planting date on yield (Tons/A) of four snap bean cultivars.

Planting date

Cultivar 4/25 5/08 5/28 6/07 6/18 7/15 Mean

Asgrow 290 5.9 7.0 7.1 6.3 7.3 7.7 6.9

Gallatin 50 5.2 4.0 5.6 5.5 4.4 4.7 4.9

Oregon 58 7.5 6.3 7.9 5.8 6.7 6.4 6.8

Oregon 1604 8.0 7.5 8.5 8.6 6.6 7.4 7.8

Mean 6.7 6.2 7.3 6.6 6.3 6.6 6.6

Table 3 . 1974 Field Trial. Effect of planting date on sieve sizes ( 'i > 4 ) in four snap bean
cultivars at harvest.

Planting date

Cultivar 4/25 5/08 5/28 6/07 6/18 7/15 Mean

Asgrow 290 61.4 77.2 86.8 92.3 64.3 58.7 73.5

Gallatin 50 44.1 30.0 57.5 84.3 51.9 63.4 55.2

Oregon 58 25.3 44.1 27.8 56.3 38.0 29.2 36.8

Oregon 1604 31.3 26.3 37.9 56.7 49.9 20.9 37.2

Mean 40.5 44.4 52.5 72.4 51.0 43.1 50.7



Table 4. 1974 Field Trial. Effect of planting date on seed length (cm) in sieve size 4 pods
at harvest.

Planting date

Cultivar 4/25 5/08 5/28 6/07 6/18 7/15 Mean

Asgrow 290 8.911 8.1 7.3 7.9 7.2 9.8 8.2

Gallatin 50 6.2 5.1 5.8 6.4 5.3 6.2 5.8

Oregon 58 7.9 7.3 6.8 7.3 7.0 7.1 7.2

Oregon 1604 6.8 6.3 6.6 6.0 7.1 7.5 7.0

Mean 7.5 6.7 6.6 6.9 6.7 7.7 7.0

1/
Mean of 5 samples of the seed lengths of the single (largest) seed, end to end, in cm, from
each of 10 sieve size 4 pods.

Table 5. Field Trial. Effect of planting date on protein (g/100g) content in four snap bean
cultivars.

Planting date

Cultivar 4/25 5/08 5/28 6/07 6/18 7/15 Mean

Asgrow 290 1/1.68 1.80 1.84 1.70 1.79 1.90 1.79

Gallatin 50 1.77 1.61 1.56 1.49 1.61 1.57 1.60

Oregon 58 1.82 1.70 1.97 1.81 1.78 1.72 1.80

Oregon 1604 1.75 1.59 1.75 1.38 1.69 1.67 1.64

Mean 1.76 1.68 1.78 1.60 1.72 1.72 1.71

1/
Based on pods corrected to 90% moisture content.
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Figure 1. Protein content (g/100g) of four snap bean cultivars as affected by harvest date .
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B-carotene content exhibited appreciable variation between

and within cultivars at different planting dates (Table 6, Figure 2).

The maximum variation in B -carotene means of planting date and

cultivars was 18 and 30%, respectively. The 5/28 and 7/15 planting

dates produced the lowest mean levels of the four cultivars. Pods

of Oregon 58 (Figure 2) contained the highest B-carotene content at

all the dates of planting. It must be noted that though the B-carotene

content of Oregon 58 was greater than the other cultivars the mag-

nitude of this difference was not consistent. At the 7/15 planting

date the difference between Oregon 58 and Gallatin 50 was slight but

at the 5/28 planting date this difference was 72%.

Ascorbic acid content was highest in Oregon 1604, which was

the lowest in B-carotene content. Large variations between planting

dates in ascorbic acid content are evident. The pods from the third

planting date contained lowest levels of ascorbic acid. This re-

sponse was similar for all of the cultivars. The harvest of culti-

vars from this planting date was during a period of high temperature

and low relative humidity accompanied by slight winds. Wilting of

plants was visually apparent even though soil moisture was ade-

quate.

Light and temperature have been shown to have considerable

effect on the metabolism of ascorbic acid by Isherwood and Mapson

(1962), though they could establish no definite relationship between
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Table 6. 1974 Field Trial. Effect of planting date on B-carotene (Fig/100g) content in four
snap bean cultivars

Planting date

Cultivar 4/25 5/08 5/28 6/07 6/18 7/15 Mean

Asgrow 290 326' 300 244 296 308 256 288

Gallatin 50 292 280 204 288 276 272 269

Oregon 58 346 370 352 308 364 283 337

Oregon 1604 248 306 264 228 264 240 258

Mean 303 314 266 280 303 263 288

1/
Based on pods corrected to 90% moisture content.

Table 7. 1974 Field Trial. Effect of planting date on ascorbic acid (mg/100g) content in four
snap bean cultivars

Planting date

Cultivar 4/25 5/08 5/28 6/07 6/18 7/15 Mean

Asgrow 290 16.41/ 15.8 10.7 14.1 13.5 17.5 14.7

Gallatin 50 15.9 16.8 9.6 17.5 14.4 15.4 14.9

Oregon 58 14.3 17.2 10.6 18.6 15.7 14.9 15.2

Oregon 1604 15.3 18.1 12.3 15.0 17.2 15.1 15,5

Mean 15.5 17.0 10.8 16.3 15.2 15.7 15.1

1/
Based on pods corrected to 90% moisture content.
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temperature and ascorbic acid synthesis. The observed wilting was

probably accompanied by a reduction in photosynthesis. The de-

crease in available photosynthetic substrates and an acceleration in

growth at the higher temperature coupled with utilization at a rate

more rapid than synthesis, could account for the lower pod ascorbic

acid content in the third planting.

The relative yielding potential of the four cultivars grown in

both controlled environments (Table 8) differed from that of the

field plantings (Table 2). Gallatin 50 which produced the lowest

yield at all the dates of planting did not differ significantly (5%) from

Asgrow 290 in either controlled environment. Oregon 58 and Oregon

1604 produced statistically greater yields than Asgrow 290 and

Gallatin 50. Plants grown at 50% relative humidity appeared to

produce higher yields than when grown at 80% relative humidity

though not statistically. Visual differences in development were

noted. Cultivars grown under the higher relative humidity grew

more rapidly, had larger leaves, longer internodes, and lodged

earlier compared to the lower relative humidity.

No significant differences in protein content (Table 8) were

noted between cultivars or environments, though the pods from plants

growing in higher relative humidity generally were higher in protein

content.
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Table 8. Yield, protein, B-carotene, and ascorbic acid contents in four snap bean cultivars grown in
controlled environments at 26/21 C with differing relative humidities.

80% Relative Humidity

Cultivar
Yield

grams/plant
Protein

%

B-carotene
11 g/100 grams

Ascorbic acid
mg/100 grams

Asgrow 290 33.38 a 2.081/ 412 a 13.2

Gallatin 50 33.48 a 2.16 424 a 13.0

Oregon 58 43.57 b 2.19 518 b 13,2

Oregon 1604 46.04 2.17 427 a 13.4

CV= 24.3% 6.4% 6.1% 4.3%

50% Relative Humidity

Yield Protein B-carotene Ascorbic acid
Cultivar grams/plant 11g/100 grams mg/100 grams

Asgrow 290 38.10 a 2.00 407 a 13,3

Gallatin 50 44.57 a 1.95 411 a 13.2

Oregon 58 52,82 b 2.06 496 b 13,3

Oregon 1604 46.72 a 1.94 400 a 13.6

CV= 19.3% 4.8% 4.8% 6.5%

1/
Protein, B-carotene, and ascorbic acid contents based on pods corrected to 90% moisture.

Means having a letter in common are not significantly different at the 5% level (Newman-Keuls').
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Oregon 58, which had the highest B-carotene in the field,

contained statistically more B-carotene than the other cultivars

which did not differ significantly from one another. The higher rela-

tive humidity appeared to favor higher levels of B-carotene than the

lower humidity. B-carotene content was higher in the controlled en-

vironment rooms than in the field. Ellis and Hamner (1943) re-

ported tomatoes produced in the greenhouse under natural or arti-

ficial light were always lower in carotene content than those grown

in the field. They also noted that the carotene content varied in

fruit grown in soil receiving different fertilizer treatments. Plants

in both controlled environments received about 29.1 klux at plant

height and a complete-nutrient solution which was replaced every 2

days. The light intensity and availability of essential nutrients

coupled with less photooxidation, may partially explain the higher

levels attained in the controlled environments.

Ascorbic acid content of pods was not statistically affected by

cultivars or environment, although ascorbic acid appeared to be

slightly higher at the lower relative humidity. Oregon 1604 which

had the highest seasonal ascorbic acid content in the field also had

the highest content in both controlled environments.

Though yield varied greatly between cultivars and to a less

extent between dates of planting, nutritional quality appeared to be

affected more by the prevailing environmental conditions near
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harvest. Ascorbic acid content appears to be more sensitive to

seasonal fluctuations in environment than B-carotene or protein

content.

Even if care is taken to keep stage of maturity relatively constant,

environmental factors can greatly affect nutritive value. This does

not take into consideration locational differences which have been

shown to be large in tomatoes (Ellis and Hamner, 1943; Hamner et al.,

1945). Of particular concern is the variability in the magnitude of

differences between varieties. This variability is probably due to

differential cultivar response to prevailing environmental conditions

within a season.

Our results suggest that cultivar variability as well as seasonal

fluctuations are important in assessing nutritional composition of

snap beans. These factors, as well as others, should be considered

in characterization of nutritional content as proposed by the GRAS

regulations.
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SUMMARY AND GENERAL CONCLUSIONS

Potassium naphthenate (KNap) had significant effects on early

wheat seedling development. Analysis of plant tissue 1, 2, 3, and

4 weeks after foliar application of KNap to 14-day-old wheat seed-

lings indicated a shunting of carbon skeletons from carbohydrate to

nitrogen metabolism. This corresponds with the previously re-

ported increases in anabolic enzymes of nitrogen metabolism (Wort

et al., 1973). Fattah and Wort (1970) have reported significant in-

creases in net photosynthesis and dark respiration resulting from

KNap application in bush beans. Observed increases, herein with

wheat seedings, in net photosynthesis, dark respiration, and gross

photosynthesis, 4 weeks after KNap application, were not statis-

tically significant.

Obvious visual differences were noted between KNap-treated

and untreated wheat seedlings. Significant reductions in height were

observed 1, 2, 3, and 4 weeks after foliar applications of 250, 500,

and 750 ppm KNap. This reduction was also observed in the field

following KNap application, but was transient as the later internodes

were in many cases significantly longer than the untreated plants

resulting in no significant alterations in overall plant height at

harvest. No significant reductions in plant height were observed in

bush beans following KNap application.
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It has been suggested that cyclopentanecarboxylic acid is a GA-

antagonist (Marcus and Goldthwaite, 1973) and that cyclohexane-

carboxylic acid is an IAA-promoter (Loh, 1974a; Loh, 1974b; Wort

and Patel, 1970b; Wort et al., 1970). Work with KNap which con-

tains both (predominantly cyclopentanecarboxylic acids) on peas

has shown IAA-promoting activity. It is interesting to note that the

suggested apparent GA-antagonism was on two monocotyledons (corn

and wheat) and the possession of IAA-promoting activity was on two

dicotyledons (peas and beans). This relationship may be of biologi-

cal significance. But as height reduction responses observed on

wheat are transient and the responses on corn could be prevented

with simultaneous application of saturating doses of GA (Marcus

and Goldthwaite, 1973), the effect on height may be more dependent

on the relative levels of endogenous regulators than on inherent

differences between monocots and dicots.

Field experiments were conducted to ascertain the influence

of growth regulators on agronomic and quality components in spring

wheat. Two cultivars were selected because of their diverse gen-

etic background and contrasting morphological characteristics.

2-chloroethylphosphonic acid (ethephon) and (2-chloroethyltri-

methylammonium chloride (chlormequat), regardless of rate or

time of application, produced significant reductions in plant height.

Ethephon was more effective in height reduction than chlormequat.
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Potassium cyclohexanecarboxylate (KCHC) and KNap in many cases

significantly increased the length of the uppermost internodes with-

out influencing overall height. Whereas chlormequat and ethephon

gave fairly uniform visual effects, height reduction and increased

tillering, the naphthenates often are highly unpredictable. This

predictability may be governed by the activity of naphthenate having

a greater susceptibility to interaction with endogenous regulators

which are being affected by microenvironmental differences.

Cultivar differences in yield were noted in response to growth

regulator application. KCHC produced significant increases in

yield at all rates tested on the variety Twin. Anza was noticeably

less responsive. KNap appeared to be more effective at lower con-

centrations. Lower yields resulted from late foliar application of

chlormequat. Chlormequat at this stage of development produced

leaf scorching which was more pronounced at the higher rates of

application. Survival of late formed tillers and the general plant

vigor may not be favored due to the temporary but significant re-

duction in effective leaf area due to scorching. Ethephon application

either early or late resulted in large significant reductions in the

grain yield of the cultivar Twin. The yield of Anza was also re-

duced but not as markedly.

Ethephon produced significant increases in protein content in

the cultivar Twin. However these increases were associated with



72

appreciable decreases in yield, resulting in protein yield remaining

relatively constant on a unit area basis. Of particular interest is

the general elevation of protein content following applications of the

lower naphthenate concentrations, as these were also associated

with elevated yields. It would appear that a potential exists to

advantageously manipulate protein content and yield in specific

cultivars.

Vitamin analyses of grain from plants treated in the field

showed various trends which may be worthy of further study. Niacin

content appeared to be increased by all growth regulator treat-

ments. Vitamin B2 (riboflavin was either not affected or slightly

elevated by ethephon applications. Vitamin B6 (pyridoxine) was

not appreciably affected on the cultivar Twin but was lowered by

nearly all of the regulators on Anza, especially by the naphthen-

ates and the late applications of ethephon. KCHC lowered vita-

min B1 (thiamine) on both cultivars and B1 content appeared to

decrease with increasing KNap concentration but only in the case

of Anza was it lower than the control. The effect on B1 content

from ethephon application appeared to be concentration dependent

but the two cultivars were exactly opposite in response to concen-

tration. It did appear that the earliest ethephon application (2nd

node just detectable) adversely affected B1 content especially in

the grain of Twin.
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Mineral content of grain appeared altered as a result of growth

regulator application. KCHC and KNap lowered Zn content in the

grain of both cultivars. Manganese content was decreased by all

regulators on the cultivar Twin, but no large decreases were ob-

served on Anza. Magnesium concentration was not greatly af-

fected by growth regulator application on either cultivar. Calcium

content was lowered by all regulators on Twin and with the exception

of KNap, Anza responded similarly though not as markedly. With

Anza a very large reduction in the grain Ca content was observed

resulting from the application of 5000 ppm KNap. Potassium and

P contents in the grain of Twin was raised by all the regulators,

less effect was noted on Anza. Of particular interest is the alter-

ation of Fe content due to regulator application. Iron content in the

grain from Twin was markedly reduced by all naphthenate applica-

tions. Ethephon appreciably raised Fe content in both cultivars and

this has been previously reported with RH-531 in oat groats

(Op linger et al., 1975). Both ethephon and RH-531 are effective

dwarfing agents.

The effects of growth regulators and environment on yield and

nutritional quality of bush snap beans were studied under field and

controlled environment conditions.

No significant increase in yield, marketable, or total pods per

plant resulted from regulator treatments in the field. The effects
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of growth regulator application on pod protein content appears to be

highly variable. Protein content was significantly increased in

spring-planted snap beans by at least one rate of all the regulators

with the exception of KCHC which lowered protein content. But

significant increases in protein content in bush bean pods have

resulted from KCHC application (Hi le and Chilcote, 1975).

B-carotene was significantly increased by several regulators in

summer-planted snap beans but a general trend towards lower

content resulted from application in the spring planting.

Ascorbic acid content in bush bean pods appears to be quite

sensitive to environmental changes near harvest. Controlled

environment studies using high temperatures (39, 35 C) and low

relative humidity (20, 30%) following preconditioning (26 C, 80 and

45% RH) appeared to affect protein and B-carotene contents little

while ascorbic acid was markedly reduced the first day after ex-

posure. Though plants tended to adjust they did not reach the

levels of ascorbic acid of unexposed preconditioned plants. Treat-

ment with KNap tended to lower levels more and retard adjustment

to the higher temperatures. This effect was also observed in the

field where ascorbic acid content was significantly decreased by

KNap application during a period of high temperature and low rela-

tive humidity.
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Ascorbic acid content was significantly decreased by all the

regulator treatments including KNap in the spring planting. Anal-

yzed pods were harvested during a period of high temperature and

low relative humidity. This period of harvest was also the period

in which several cultivars observed over the season for variation

in nutritional quality and yield contained their lowest levels of

ascorbic acid. Spring plantings normally develop under cooler

temperatures and higher relative humidity than later plantings in

that season. The imposition of stress conditions appears to be the

reason for the lower ascorbic acid levels during this period.

Isherwood and Mapson (1962) have pointed out that the influence

of light upon the accumulation of ascorbic acid in the leaf was similar

to the effect of light on photosynthesis. The stress conditions in the

field or employed in the laboratory on preconditioned plants would

result in partial closure of stomata, reducing photosynthesis and

the availability of hexose sugars for ascorbic acid synthesis.

Stutte (1974) has also shown that growth regulators resulted in

partial closure of stomata. This additional partial closure of

stomata could result in an even lower photosynthetic rate thereby

intensifying the reduction of ascorbic acid observed in all of the

regulator treatments in the spring planting.

The yield and maturity of individual cultivars varied with

planting date. Variation in mean protein content between planting
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dates and cultivars was slight, with more variation observed be-

tween cultivars within a planting date. B-carotene content varied

between and within cultivars at different planting dates. The maxi-

mum variation for planting date and cultivar was 18 and 30%, res-

pectively. Cultivars varied within a planting date from a slight

difference to 72%. Large variations in ascorbic acid content be-

tween planting dates were evident.

Nutritional quality appeared to be affected more by the pre-

vailing environmental conditions near harvest even though yield

varied greatly between cultivars and to a lesser extent between

dates of planting. Ascorbic acid content appears to be more sensi-

tive to seasonal fluctuation in environment than B-carotene or

protein content.

Subjecting cultivars to 80 and 50% relative humidity resulted

in differences in growth habit though no differences were observed

in yield or nutrient content. The relative ranking of yield of

cultivars in controlled environments differed from that observed

in the field though differences in B-carotene and ascorbic acid con-

tents were similar.

It is apparent that environment and plant growth regulators

can affect nutritional quality and yield. It is also important to

note that this effect is highly variable. Morphological character-

istics are easier to modify than nutritional components with
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existing regulators. This is most likely the result of extensive

screening of compounds under many differing environments. It

appears possible that nutritional quality could be enhanced through

the application of exogenous compounds. At this point, it is not

possible to predict with certainty the effect of growth regulators

on nutritional quality and yield enhancement.



78

LITERATURE CITED

Aliev, A. Y. 1963. Effect of NRV (sodium naphthenate) on growth
development and composition of tomatoes. Fiziol. Aktiv.
Veschestva Ikh-Primen. Rastenievod., Dokl. Nauch. Knof.,
Vilnyus. (Pub. 1965), 13-17. (Chem. Abstr. 66:45949n.
1967).

Appleby, A. P., W. E. Kronstad, and C. R. Rohde. 1966.
Influence of 2-chloroethyltrimethyl-ammonium chloride (CCC)
on wheat (Triticum aestivum L.) when applied as a seed treat-
ment. Agron. J. 58:435-437.

Aslanov, A. M. 1970. Effect of petroleum growth substance on
the yield and level of nitrogen in winter wheat. (Chem.
Abstr. 77:84370w. 1972).

Association of Official Agricultural Chemists. 1965. Official
methods of analysis. 10th ed. Washington, D. C.

Bokhari, U. E., and V. B. Youngner. 1971. Effects of CCC on
tillering and flowering of uniculm barley. Crop Sci. 11 :711-
713.

Brendler, R. A. 1969. Bush snap beans: Varietal evaluations
and timing for mechanical harvest. Calif. Agric. (June), 16-17.

Brown, C. M., and E. B. Earley. 1973. Response of one winter
wheat and two spring oat varieties to foliar applications of
2-chloroethylphosphonic acid (Ethrel). Agron. J. 65:829-832.

Bulavas, J., and L. Rimkevicius. 1970. Effect of a petroleum
growth substance preparation on the yield and quality of
winter wheat and spring barley grain in the Lithuanian SSR.
(Chem. Abstr. 77:97681y. 1972).

Campbell, R. E., and J. K. Greig. 1974. Selected growth regu-
lators increase yield of snap beans. Hort Sci. 9: 7 1 - 72.

Chu, S. M. 1969. Growth and biochemical responses of the tomato
(Lycopersicum esculentum L. var. Bonny Best) to K-
Naphthenates. M. S. Thesis, University of British Columbia,
Vancouver, Canada.



79

Ellis, G. H., and K. C. Hamner. The carotene
content of tomatoes as influenced by various factors. J.
Nutrition 25:539-553.

Farkas, D. F. 1967. Use of seed size for controlling snap bean
quality for processing. Food Technol. 21:789-791.

Fattah, Q. A. 1972. Effect of potassium naphthenate on ascorbic
acid contents of the pods of Phaseolus vulgaris L.
Bangladesh J. Bot. 1(1&2):149-158.

Fattah, Q. A., and D. J. Wort. 1970. Metabolic responses of
bush bean plants to naphthenate application. Can. J. Bot.
48:861-866.

Flynn, Laura M., A. D. Hibbard, A. G. Hogan, and A. E.
Murneek. 1946. Effect of maturity on nutrients of snap
beans. J. Amer. Dietetic Assoc. 22:415-419.

Gasanov, Z. G, 1970. Research results from the agrochemical
laboratory of the Ministry of Agriculture, Azerbaidzhan SSR,
for 1963-1965. (Chem. Abstr. 77:84375b. 1972).

Goodin, J. R., C. M. McKell, and F. L. Webb. 1966. Influence
of CCC on water use and growth characteristics of barley.
Agron. J. 58:453-454.

Goryaev, M. I., S. V. Piotrovskii, A. F. Ortamanov, and A. D.
Dembitskii. 1967. Fractions obtained from naphtha sub-
stance (NGS) and their biological activity. (Chem. Abstr.
68:48497y. 1968).

Hamner, K. C., L. Berstein, and L. A. Maynard. 1945. Effects
of light intensity, day length, temperature, and other environ-
mental factors on the ascorbic acid content of tomatoes.
J. Nutrition 29:85-97.

Haun, J. R., A. J. Lewis, III, S. J. Tsao, R. A. Baumgardner,
and D. 0. Ezell. 1972. Analysis of crop-environment
relationships and elaboration of the temperature response
in snap bean production. South Carolina Agr. Exp. Sta.,
Tech. Bull. 1040.



80

Hi le, M. M. S. , and D. 0. Chilcote. 1975. Unpublished data.

Hume, D. J., J. W. Tanner and J. G. Criswell. 1972. Effects
of environment and response of soybeans to TIBA. Crop
Sci. 12:293-294.

Huseinov, D. M. 1960. The influence of organic compounds of
petroleum origin upon the growth of roots and crop capacity
of agricultural plants. Trans. 7th Int. Congr. Soil Sci.,
Madison, Wis. 3:253-259.

Humphries E. C., P. J. Welbank, and K. L. Witts. 1965. Effect
of CCC (chlorocholine chloride) on growth and yield of spring
wheat in the field. Ann. Appl. Bot. 56:351-361.

Isherwood, F. A., and L. W. Maps on. 1962. Ascorbic acid
metabolism in plants: Part II. Biosynthesis. Ann. Rev.
Plant Physiol. 13:329-350.

Janes, B. E. 1948. The effect of varying amounts of irrigation
on the composition of two varieties of snap beans. Proc.
Amer. Soc. Hort. Sci. 51:457-462.

Jolly, S. E. 1967. Naphthenic acids. In: H. Mark et al., eds.
Kirk-C7thmer's Encyclopedia of Chemical Technology, Vol.
13. John Wiley and Sons, New York, NY. p. 724-735.

Larter, E. N., M. Samii, and F. W. Sosulski. 1965. The
morphological and physiological effects of (2-chloroethyl-
trimethylammonium chloride on barley. Can. J. Plant Sci.
45:419-427.

Loh, J. W. C. 1974. The stimulation of indoleacetic acid synthesis
in bush bean plants (Phaseolus vulgaris L.) by naphthenates.
Plant and Cell Physiol. 15-395-398.

Loh, J. W. C. 1974b. The auxinic properties of potassium
naphthenates. Z. Pflanzenphysiol. 72:114-118.

Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall.
1951. Protein measurement with Folin phenol reagent. J.
Biol. Chem. 193:265-275.

Mack, G. L., W. T. Tapley, and C. G. King. 1939. Vitamin C
in vegetables. X. Snap beans. Food Res. 4:309-314.



81

Marcus, Rita R., and J. Goldthwaite. 1973. Cyclopentanecar-
boxylic acid, a B-ring analog with activity antagonistic to
gibberellin. Can. J. Bot. 51:1845-1850.

Moore, S., and W. H. Stein. 1954. A modified ninhydrin reagent
for the photometric determination of amino acids and related
compounds. J. Biol. Chem. 211:907-913.

Murneek, A. E., S. H. Wittwer and D. D. Hemphill. 1944.
"Hormone" sprays for snap beans. Proc. Amer. Soc. Hort.
Sci. 44:428-432.

Nelson, D. W., and L. E. Sommers. 1973. Determination of
total nitrogen in plant material. Agron. J. 65:109-112.

Neuberg, C., and M. Sandberg. 1921. The stimulants of alcoholic
sugar splitting. IX. Chemically defined catalyzers of
fermentation. Biochem. Z. 126:153-178.

Ohki, F., and L. J. McBride. 1972. Interaction of 2, 3, 5-
triiodobenzoic acid, temperature, and moisture on soybean
development. Agron. J. 64:493-497.

Op linger, E. G., W. A. Veith, and V. L. Youngs. 1975. Oat
agronomic and grain quality responses to growth regulators.
Agron. J. 67:443-445.

Padmanabhan, Usah. 1972. Distribution, metabolism, and
localisation of cyclohexanecarboxylic acid, a naphthenic acid
in Phaseolus vulgaris L. Ph. D. Thesis, University of
British Columbia, Vancouver, Canada.

Pearson, D. 1970. The chemical analysis of foods. 6th ed. J. A.
Churchill, London.

Rathore, V. S., and D. J. Wort. 1971. Growth and yield of bean
plants as affected by 2, 4 -D micronutrient sprays, J. Hort.
Sci. 46:223-228.

Rowland, P. E. M. 1973. Further studies of the effects of growth
regulants on spring wheat. Rhodesia Agric. J. 70(4):87-89.



82

Senti, F. R., and R. L. Rizek. 1974. An overview on GRAS
regulations and their effect from the viewpoint of nutrition.
In C. H. Hanson (ed. ) The effect of FDA regulations (GRAS)
on plant breeding and processing. CSSA Spec. Pub. No. 5.
p. 7-20.

Severson, J. E., Jr. 1972. Stimulation of 14 C-glucose uptake
and metabolism in bean root tips by naphthenates. Phyto-
chem. 11:71-76.

Stutte, C. A. 1974. Evaluation of chemicals for yield-enhancing
properties on soybeans. In R. L. Bieleski et al., eds.
Mechanisms of regulation of plant growth. Bull. 12. The
Royal Soc. of New Zealand, Wellington, p. 923-927.

Stutte, C. A., J. T. Cothran, and R. D. Rudolph. 1974. Field
and laboratory evaluation of chemical for soybean yield-
enhancement. Abstr. Plant Growth Reg. Work. Group.,
p. 8-9.

Tompkins, D. R., W. A. Sistrunk, and J. W. Fleming, 1971.
Yield of snap beans (Phaseolus vulgaris L.) as influenced by
5-chloro, 2 thenyl, tri-n-butyl-phosphoniumchloride. Hort.
Sci. 6:393-394.

Vetter, R. J., D. J. Holden, and R. S. Albrechtsen. 1970.
Effect of 2,3,5-triiodobenzoic acid on flax. Crop Sci.
10:228-232.

Volkov, M. T. 1970. Effect of petroleum growth substance on
the yield of spring wheat, barley, oats, and millet.
(Chem. Abstr. 77:84374a. 1972).

Wade, B. L., and M. S. Kanapaux. 1943. Ascorbic acid content
of strains of snap beans. J. Agric. Res. 66:313-317.

Weigle, J. L., M. L. Robbins, A. R. Beck, and R. M. Batal.
1973. Influence of growth regulators of pod set and yield
in snap beans and related crops. Hort. Sci. 8:35-36.

Wittwer, S. H., and A. E. Murneek. 1946. Further investigations
on the value of 'hormone' sprays and dusts for green bush
snap beans. Proc. Amer. Soc. Hort. Sci. 47:285-293.



83

Wort, D. J. 1969. Stimulation of vegetative and reproductive
growth of bush bean plants by naphthenates. Can. J. Plant
Sci. 49:791-796.

Wort, D. J., and K. M. Patel. 1970a. Response of plants to
naphthenic and cycloalkanecarboxylic acids. Agron. J.
6 2: 6 44 6 46 .

Wort, D. J., and K. M. Patel. 1970b. Erhohung des Busch-
bohnenertrages durch Naphthenate and die Auswirkungen der
Anwendungsmethode. Angew, Botanik 44:179-185.

Wort, D. J., and K. M. Patel. 1974. Structure of some cyclo-
hexyl compounds as related to their ability to stimulate plant
growth. Plant Physiol. 54:656-658.

Wort, D. J., J. E. Severson, Jr., and D. R. Peirson. 1973.
Mechanisms of plant growth stimulation by naphthenic acid:
Effects on nitrogen metabolism of Phaseolus vulgaris L.
Plant Physiol. 52:162-165.

Yemm, E. W., and E. C. Cocking. 1955. The determination of
amino acids with ninhydrin. Anal. 80:209-213.

Yemm, E. W., and A. J. Willis. 1954. The estimation of carbo-
hydrates in plant extracts by anthrone. Biochem. 57:508-514.

Younkin, S. G. 1974. The attitude of the food processing industry
towards GRAS regulations. In C. H. Hanson et al. (ed.) The
effect of FDA regulations (GRAS) on plant breeding and
processing. CSSA Spec. Pub. No. 5. p. 25.

Zadoks, J. C., T. T. Chang, and C. F. Zonzak. 1974. A deci-
mal code for the growth stages of cereals. Weed Res. 14:
415-421.

Zscheile, F. P., B. W. Beadle, and H. R. Kraybill. 1943.
Carotene content of fresh and frozen green vegetables.
Food Res. 8:299-302.



APPENDICES



84

APPENDIX I

THE EFFECTS OF NAPHTHENATES ON BIOLOGICAL
SYSTEMS: A REVIEW

FOREWORD:

The following review is provided to the reader for the express

purpose of dissemination of information pertaining to not only the

naphthenate compounds but their effect on biological systems, no

matter how diverse.

Metabolic regulators obtained from the naphthenic acid fraction

have been named and abbreviated primarily by Eastern European

investigators. The nomenclature used is very ambiguous and appears

to have been designed to designate source and action. This makes

mechanical retrieval nearly impossible unless one is aware of all

possible names (See Clarification of Nomenclature).

Few people in the U. S. are aware of the potential use of

naphthenic acids and their salts as plant growth regulators. The

only published reports in Western Literature are by D. J. Wort and

associates at the University of British Columbia, Vancouver, Canada.

This overshadowed by the hundreds of published reports in the Eastern

European countries which are basically hidden in Biological and

Chemical Abstracts.

Because of the diverse nature of action on biological systems,

the sheer mass of published reports and the large number of
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abstracts, this review is presented in two parts. The first part of

the review will deal primarily with work available in published form.

The history, chemistry, commercial uses, and the findings of

Western workers are discussed with regard to the physiological

and metabolic effects on plant growth and development. Abstracts

will be used sparingly to clarify points presented by the Western

workers, since interpretations from abstracted material is not only

difficult but often misleading. The second part of the review is

based on the organism tested. This portion is presented alpha-

betically by organism and lists the type of application, concentra-

tion, responses, and reference, where information is available.

INTRODUCTION

Naphthenic acids are monocarboxylic acids of the naphthene

(alicyclic) series of hydrocarbons and are naturally occurring compo-

nents of crude petroleum. According to Jolly (194), R(CI-12)nCOOH

may serve as a general formula, where R is an alicyclic nucleus

composed of one or more rings. These rings may be cyclopentane

(five-membered), cyclohexane or cycloheptane, though normally

cyclopentanes predominate. The carboxyl group is not normally

attached directly to the alicyclic ring, but is separated from the

ring by an aliphatic side chain composed of one or more methylene

groups. Goldstein and Waddams (131) have stated that the naphthenic
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acid mixture contains a wide variety of substituted cyclopentanes

and cyclohexanes.

Markovinoff and Oglobin in 1883 (265) proposed the name

naphthenic acids for the C
11

H2008 acids (of unknown structure)

which had been recovered previously by Hell and Medinger in 1874

(182) from Rumanian crude oil. At present the term naphthenic acid

is used to denote the carboxylic acids occurring in and recovered

from petroleum.

Commercial naphthenic acids are also referred to by the term

'petroleum acid'. This is somewhat applicable as this mixture con-

tains all the acidic components of the crude petroleum and varying

amounts of non-acidic components, which are mostly hydrocarbons.

The characteristic odor of this mixture (which varies with crude

source and degree of refinement) is probably due to the contamination

of aliphatic acids, phenols, and sulfur compounds.

The composition of naphththenic acids vary with source and

degree of refinement. Using gas-liquid chromatography, Eider (110)

found as many as 60 components in Venezuelan crude oil. Bock and

Behrends (83) using gas-liquid chormatography, mass spectrometry,

and fractional distillation procedures on an acid fraction from an

Austrian crude have shown it contained 120 different compounds,

but 50% of this sample could be accounted for by 20 compounds.

3-methyl and 3-ethyl branched chain fatty acids were positively
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identified. Small but detectable amounts of substituted cyclopentyl

and cyclohexyl acids were also noted. Seifert et al. (344, 345, 346)

observed that 2. 5% by weight of California crude oil was comprised

of carboxylic acids. The results of this work shows that terpenoid,

polynuclear saturated, and polynuclear aromatic compounds occur

naturally in petroleum. The acid content of American crudes varies

from 0. 03 to 3. 0% (194)

Naphthenic acids are readily soluble in nonpolar solvents and

insoluble in water; however, the lower molecular weight components

e. g. cyclopentane and cyclohexanecarboxylic acid, are slightly

soluble in water. The solubility of sodium naphthenate (Mwt. 300)

in water is 20, 30, and 40 g/100 ml at 20, 50, and 100 C, respec-

tively (66).

Extraction of naphthenic acid from crude oil or diesel oil can

be accomplished in several ways. Treatment with alkali provides

probably the easiest method of extraction. The acid content of the

oil determines the quantity of alkali to be added. The fraction is

shaken with a slight excess of sodium or potassium hydroxide for

about 15 minutes to 1 hour. The resultant emulsion is left to stand

for several hours. The aqueous layer which has been formed is

allowed to settle and contains the naphthenic acids as their potassium

or sodium salts.

Large amounts of naphthenic acids are recovered and used
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annually. In 1970, 4,000 tons were imported to meet the need of

17, 500 tons used in the United States. They are used commercially

as lubricants, driers in oil based paints, catalysts, preservatives,

corrosion inhibitors, emulsifiers, and as a thickener for napalm

explosives.

The first known reported use of naphthenic acid as a metabolic

stimulant on any biological system was in 1921 when Neuberg and

Sandberg found that potassium naphthenate stimulated the alcoholic

sugar splitting activity of yeast. D. M. Huseinov presented the

first paper in the U. S. on the effects of this acid mixture on plant

systems. In his report to the 7th International Congress of Soil

Science, held at Madison, Wisconsin in 1960, he noted that agronomic

work had began about 1950 in the USSR. Published reports of the

action of naphthenates as plant growth regulators, in the Western

Hemisphere, began in the late 1960's in the laboratory of D. J. Wort

and associates at the University of British Columbia, Vancouver,

Canada.

EFFECTS OF NAPHTHENATE ON VEGETATIVE AND
REPRODUCTIVE GROWTH

Rate of application and stage of ontogeny of a plant can condi-

tion the response to a specific growth regulator. Wort (405) reported

that a single foliar application of 5000 ppm potassium naphthenate
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(KNap) to 2-week-old bush bean plants to be the most effective in

stimulation of vegetative growth, as measured as fresh and dry

weight of foliage, 4 weeks after treatment. This treatment at the

primary, leaf stage also resulted in increases of 20% in green pod

yield, measured 7 weeks after treatment, and ripe seed production

(8%). Applications of sodium naphthenate (NaNap) resulted in similar

response and since no stimulation was obtained by a comparable

application of KC1, Wort suggests that the anion, naphthenate, rather

than the cation, was responsible for stimulation.

Multiple applications of naphthenate which included treatment

of bush bean plants at the primary, leaf stage of growth were equally

effective, though slightly less effective than the single application.

Similar results have been reported by Wort and Hughes (407) on

Early Warba potato plants. Though repeated applications of naph-

thenate resulted in over-all increases in tuber yield, compared with

the yield of untreated plants, the increases lacked statistical signifi-

cance. A single foliar application of 5000 ppm KNap, 33 days before

digging, when the potatoes were 20-cm high, resulted in both signifi-

cantly increased weight of saleable tubers and total tubers per plant

(42%).

Wort and Patel (410) have observed that the application of KNap

as a foliar dust (applied to give 250 and 500g KNap/hectare) and as

a foliar spray (5000 ppm) or to the soil (0. 01 and 0. lg KNap/1800 g
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soil) to 14-day-old bush bean plants resulted in significant, uniform

(23-26%) increases in yield of green pods per plant. The authors

suggest that these methods of application are equally effective. 12. 1%

increases in yield were also observed from a 12 hour soaking of bean

seeds in 0. 001% KNap solutions. Increases in yield obtained from

treatment with emulsions of naphthenic acids (HNap) did not differ

significantly from the controls.

Fattah (114) and Fattah and Wort (117) have shown that the

responses of bush bean plants to naphthenate application can be

affected by light and temperature. They found the stimulative effect

of KNap on both vegetative (plant height, fresh and dry weights of

roots, stems, and leaves; number of leaflets, leaf area) and repro-

ductive growth (number and weight of green pods per plant) was

evident at higher temperatures (26 constant, 26/21 C) and light

intensities (1500 and 1000 ft-c). They suggest that the larger number

of pods may have been the result of more vigorous pollen germination

and the reduced abscission of young fruits. They also noted that

generally only those plants grown at the lowest light intensities (500

ft-c) failed to produce a significant fresh or dry weight response to

treatment.

Wort and Patel (412) have found the leaf production of two

cultivars of sugar beets could be statistically enhanced by KNap

application. Foliar applications of 50-100 ppm KNap or the soaking
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of seed in 10 ppm KNap for 12 hours significantly increased the leaf

production of sugar beets. Of particular importance is their observa-

tion that neither type of application under conditions simulating a cold,

relatively overcast, 61-day spring period produced significant changes

in leaf production. They suggest that stimulation by naphthenate

would appear to be dependent on a relatively high and possibly con-

stant rate of metabolism.

The growth of seedlings of Douglas fir, western hemlock,

lodgepole pine, sitka spruce (bare root planted), and Douglas fir

planted in Walter's bullets, has been shown by Wort and Kozak (408)

to have been favorably affected when sprayed with 5000 ppm KNap.

Application at a stage in which the terminal bud was well opened,

with the lateral buds open and the growth of the stem begun, resulted

in statistically greater growth of all species. Respraying, the third

year with 5000 ppm KNap, resulted in no significant change in the

amount of growth of any species.

Being aware that the naphthenic acid mixture contained numer-

ous acids (83, 110, 344, 345, 346) Wort and Patel (409) observed

the effect of several cycloalkanecarboxylic acids on the growth of

bush beans. Though many of these numerically increased the yield

of green pods, only cyclohexanecarboxylic acid (CHCA) produced

yields which were statistically greater. 1 x 10-2M and 2 x 10-2M

potassium cyclohexanecarboxylate (KCHC) produced 35 and 24%
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increases, respectively. Wheat seed soaked for 12 hours in 0. 01

and 0. 001% KNap produced 9 and 12% more grain, respectively.

The vegetative growth of bush bean, radish, sugar beet, maize, and

spring wheat was enhanced by a single foliar application of KNap.

The reproductive growth of bush bean was stimulated as green pods

and ripe seed yield were increased 23 and 25%, respectively. It

has been suggested by Wort (405) that the increase in weight of pods

and seeds per plant was the result of larger pods which contained

more seeds, rather than a greater number of pods per plant.

EFFECT ON NAPHTHENATE ON PHYSIOLOGICAL
AND BIOCHEMICAL PROCESSES

Carbon Assimilation

Fattah (114) reported that applications of 0. 5% KNap to the

foliage of 14-day-old bush beans grown at 26 C under three light

intensities (1500, 1000, and 500 ft-c) resulted in statistically signifi-

cant increases in photosynthesis 7, 14, and 21 days after treatment.

Fattah and Wort (118) noted that dark respiration was also signifi-

cantly increased at the end of these three time periods under all

three light intensities. Chu (97) found a 9. 7% increase in the respira-

tory rate of tomato 4 weeks after application of 0. 5% KNap even

though 2 weeks after application respiration was decreased.

Accompanying the reports of alteration of carbon assimilation
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are results suggesting that the primary and secondary photosynthetic

pigments are also affected. Significant increases in chlorophyll a

content of bush beans due to KNap treatment have been observed by

Fattah (114), 2 and 3 weeks after treatment while chlorophyll b and

carotenoids were only slightly affected. Chu (97) observed only

minor increases in chlorophyll a and b whereas carotenoid pigments

were increased 1. 4 to 13. 8% in tomato. Fattah (114) has noted that

the total pigment content of bush beans was significantly increased

3 weeks after treatment.

Nucleic Acids

Increases in nucleic acid content have resulted from KNap

application. Wort et al. (415) have reported significant increases

(22%) in RNA content of bush bean leaves, 1, 2, and 3 weeks after

treatment. Fattah (115) suggests more RNA synthesis in KNap-

treated plants since more waswas incorporated into 28S, 18S, and

4S RNA than in untreated plants.

Though in one study, Wort et al. (415) have reported no affect

on DNA content, in another study Wort (406) has observed a 17%

increase in DNA content. This increase did not appear to be the

result of more cells, but rather a greater content of non-nuclear

DNA. Padmanabhan (296) has reported CHCA localized near the

chloroplast and the reported RNA increases suggests that. stimulation
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may have some base at the genetic level.

Enzyme Activity

Fattah (118) observed stimulation of nitrate reductase, glutamic-

pyruvic transaminase, phosphoglyceric kinase, and phosphorylase

(28-43%) in naphthenate-treated bush bean plants. Chu (97) has

reported the increased activity of phosphorylase in tomato, but the

activities of nitrate reductase, phosphoglyceric kinase, and succinic

dehydrogenase were reduced as a result of KNap treatment. Wort

et al. (406, 415) has noted significant increases (as high as 175%)

in nitrate reductase activity in bush beans. Concomitant to this

increase, Wort et al. (406, 415) has reported significant increases

in glutamic oxidase (103%), glutamic-oxaloacetic transaminase,

glutamic synthetase, ascorbic acid oxidase, and cytochrome oxidase

(167%); a slight non-significant decrease was noted in glutamic acid

dehydrogenase activity. No increase in enzyme activity followed

in vitro addition of KNap. Enzyme protein was greater by 10-ZO%

in treated plants. The incorporation of 14C-L-leucine by leaves of

treated bush bean plants has been shown to be increased (406, 414)

or unaffected (415, 416).

Protein and Amino Acid Metabolism

Protein content has been shown to be increased, 26% (406),
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and 15. 3% (415), in the leaves of naphthenate-treated bush bean

leaves. Comparison of the hydrolysates of the protein (%'s of 16

individual amino acids) of treated and untreated bush bean leaves

have shown numerous differences. Wort et al. (415) noted greater

percentages of glutamic acid, glycine, and proline and smaller values

of arginine, lysine, tyrosine, and leucine in the protein hydrolysates

of treated plants. The content of ethanol-soluble (free) amino acids

were shown to be greater by 7. 5%. Major changes in these amino

acids were greater percentages of arginine, and lysine and smaller

values for glutamic acid, serine, and proline. Padmanabhan (297)

has also reported increased levels of several amino acids. In the

case of hydrolysates of ethanol-insoluble material (amino acids in

protein), Padmanabhan (297) found KCHC to influence the incorpora-

tion of more amino acids than KNap. KCHC significantly increased

aspartic acid, glutamic acid, and alanine, while KNap application

resulted in statistical increases in alanine incorporation. The

feeding of 35SO4 to bush bean plants has been shown by Peirson

(302, 303) to result in more labelled S incorporated into protein,

suggesting the increase of sulfur containing amino acids.

Severson (350, 351) reported studies of the metabolism of

14C-glucose by bean root tips treated with KNap and KCHC. Incor-

poration of labelled glucose was stimulated by both these compounds,

with KCHC exerting a somewhat greater response. Analyses of 10
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ethanol-soluble amino acids from these treated plants showed that the

incorporation of 14C from 14C-glucose to be greater, in all cases,

in treated plants, KNap and KCHC significantly increased serine and

valine levels while isoleucine/leucine was only significantly in-

creased by KNap treatment.

Ascorbic Acid

KNap application has resulted in increases in the ascorbic acid

content of the pods of treated bush bean plants grown under different

temperature and light conditions (114, 116). The effectiveness of

KNap varied with light and temperature conditions. Increases in

light intensity not only increased the ascorbic acid content of controls

but resulted in significant increases of ascorbic acid content in

treated plants. Moreover, Fattah (144, 116) has reported that the

ascorbic acid loss in pods from treated plants during storage was

reduced in comparison to untreated plants. Fattah suggests that KNap

may have a protective action against ascorbic acid loss during storage.

Chu (97) has found decreased ascorbic acid content in the ma-

ture fruits of tomato plants treated with KNap. But KNap treatment

increased reducing sugars, sucrose, and total sugars in these fruits.

Additionally, the loss of sugars during storage from fruits of KNap-

treated plants was less than that in untreated plants.

Though Chu (97) did not observe increased ascorbic acid content
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in tomato fruit as did Fattah (114, 116) in bush bean pods (which may

be due to environmental or species differences), the decreased loss

of sugars during storage suggests that KNap may have some retard-

ing action on respiration in the fruit of treated plants.

Nutrient Uptake

Peirson (302) reported significantly more 35S was detected

in the leaves of naphthenate-treated bush bean plants fed radioactive

sulfur, even though a slight increase in uptake was nonsignificant.

His results (302) indicate that KCHC application stimulated the incor-

poration of 35S into protein (303). In contrast to 35S uptake and

distribution, 45 Ca showed slightly reduced uptake while significantly

more was retained in the roots than untreated plants. In complete

nutrient solution, S, Ca, and Mg showed no significant increase in

uptake. Severson and Wort (353) observed that 32P uptake in bush

beans was not significantly changed by KNap treatment, though it

was slightly less in treated plants. Though uptake was unchanged,

greater movement to the leaves was observed in treated plants. In

complete nutrient solution this was slight but in phosphate free

nutrient solutions it was significant. Though Pierson (302) con-

cluded that increased growth was not the result of improved mineral

nutrition of S, Ca, or Mg and Severson's data suggests (350, 353)

this in the case of P, stimulation may have been partly affected by



significant patterns of redistribution within the plant, as shown by

both authors.

PLANT METABOLISM OF NAPHTHENIC ACIDS

Structure

98

In a study of naphthenic and cycloalkanecarboxylic acids, Wort

and Patel (409) felt that the presence of a saturated 6-carbon ring

in the lower molecular weight cycloalkanecarboxylic acids is neces-

sary for stimulation of plant growth. They also suggested that this

may be true of the naphthenic acid mixture which is composed of

these acids. They have shown (411) that the effectiveness of these

monocarboxylic acids decreased as the number of methylene groups

in the side chain increased from 0 to 3. In essence, effective com-

pounds contained an H-saturated 6-carbon ring with a single carboxyl

group attached directly to the ring or separated from it by no more

than one methylene group.

Me tabolism

Severson reported (350) that KCHC-7 14C when administered

to leaf disks in the light or to roots of intact seedlings in the dark

was rapidly converted to a mixture of two conjugated metabolites,

the glucose ester and the aspartic acid amide. Comparative thin
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layer chromatography (350, 352) revealed that 1-cyclohexanecarbonyl-

B-D-glucose and N-cyclohexanecarbonyl-L-aspartic acid appeared to

be the glucose and aspartic acid conjugates, respectively. Padmanab-

han (296) has additionally observed an unknown metabolite "Y". Re-

sults of amino acid analysis of acid hydrolysates of several unidenti-

fied metabolites by Severson (350) strongly suggests that KCHC-7-
14C may also be conjugated with low molecular weight polypeptides.

It has not been ascertained if the unidentified metabolite "Y" is con-

tained in this group.

In time course studies using KCHC-7- 14C, Padmanabhan (296)

has shown that the glucose conjugate was the first metabolite to be

formed (1/8 hour after leaves were treated with labelled CHCA as

the K salt). The aspartate conjugate and the unidentified metabolite

"Y" could be detected about 1 hour after treatment. No free acid

(CHCA) was detected (350) 8 hours after application (296). CHCA

was decarboxylated by bean plants and Padmanabhan (296) found

that the 14CO2 released during a period of 7 days accounted for 33%

of the activity absorbed.

Four weeks after treatment, the glucose and aspartate conju-

gates and the unknown metabolite "Y" could still be detected. This

suggests that the metabolites, and not the free acid, are responsible

for the metabolic activity of naphthenates. It has been additionally

suggested (296, 350, 352) that the metabolites of CHCA are not
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merely detoxification products.

Distribution and Movement

Foliar applications of KCHC-7-14C to the primary leaves of

bush bean plants have shown that the major fraction of ethanol-soluble

14C activity is retained in these leaves (296). After 1 week,

Padmanabhan (296) observed that 72% of the total 14C activity re-

mained in these primary leaves. Leaves showed the highest activity

and the plant fractions composed of buds, flowers, and pods contained

the lowest activity. This pattern of distribution of activity was ob-

served at 1, 2, 3, and 4 weeks after treatment and the glucose and

aspartate conjugates and the unknown metabolite "Y" were still de-

tected by Padmanabhan (296). Twenty-four hours after KCHC-7-14C

was spotted on the midrib of a primary bean leaf she found less than

1% of the total 14C activity in the roots.

Padmanabhan (296) reported the distribution of activity follow-

ing application of labelled KCHC to primary leaves, involved both

basipetal and acropetal transport. The basipetal movement occurred

in the phloem and the acropetal, in the xylem and phloem. She also

noted that the translocation of CHCA appeared to be favored by light

and suggests that energy in the form of ATP was required for trans-

location. It appears in the dark that the addition of glucose favored

translocation, perhaps serving as a source of ATP via respiration,
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The provision of aspartate in the dark slightly favored translocation.

The occurrence of both glucose and aspartate conjugates and the con-

comitant absence of free KCHC in the aerial portion of the plant follow-

ing feeding of labelled KCHC to roots of intact bush bean seedlings

(350) also suggests acropetal transport after conjugation.

Localization

In addition to being found predominantly in the leaves, radio-

activity from labelled CHCA has been shown to be localized in the

chloroplast of the cells. CHCA-conjugates have been found by

Padmanabhan in the ethanol extract of these organelles. This sug-

gests that the chloroplast represents an important site of action of

CHCA (296).

Interaction with Endogenous Regulators

Loh (248, 249) suggests that KNap has at least two properties

of auxin. He observed significant stimulation of adventitious rooting

of Phaseolus vulgaris L. stems and increases in the straight growth

test of dark grown Alaska pea stem segments, though less effective

than IAA. Additionally, Loh (248, 250) observed an increase (140.5%)

in the content of IAA in KNap-treated bush beans, suggesting an

augmentation of IAA biosynthesis.
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Marcus and Goldwaite (264) have reported that cyclopentane-

carboxylic acid (CPCA) had activity antagonistic to gibberelin (GA).

They noted antagonism for d
5

dwarf maize growth, Rumex leaf disc

senescence, and amylase production in barley half-seeds. They also

showed that the inhibitory effect on dwarf maize could be overcome by

simultaneous application of saturating doses of GA3 or GA7. The

lack of activity in their studies of zeatin-inhibited senescence in the

Rumex system and auxin-promoted growth of oat coleoptiles adds

some specificity for GA-induced effects.

KNap contains both cyclopentane and cyclohexanecarboxylic

acids. An interesting point now arises in the literature as the re-

sponse of two monocotyledons (corn and wheat in this study) may be

attributed to GA-antagonism but the two dicotyledons (peas and beans

also in this study) are believed to be auxinic responses. It would

appear that the KNap mixture contains both weak GA-antagonistic

and IAA-promoting activities. This suggests that specific responses

may be dependent on the relative levels of endogenous regulators.

MECHANISM AND MODE OF ACTION

It has been shown that naphthenate application can beneficially

enhance nutritional quality and yield in plants. Wort et al. (416)

suggest that "greater growth appears to stem from enhanced produc-

tion of ATP, reduced nucleotides, and photosynthetate, greater
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availability of keto acids for amination, and high specific activity

of anabolic enzymes, particularly those of N metabolism. " The

reported alterations in nucleic acid levels due to naphthenate treat-

ment (115, 406, 415) coupled with the aforementioned effects is sug-

gestive of a mechanism of action involving a genetic and metabolic

phase. It has not been ascertained how specific the mechanism of

action is but it is apparent the mode of action is general and could

possibly be effected by the levels of endogenous regulators in the

plant.

The lack of in vitro stimulation in enzyme systems (415) and

the work of Severson (350, 352) and Padmanabhan (296) suggests

that the conjugates of naphthenic acids and not the free acid are

responsible for this stimulation.

The effects of naphthenates on growth, development, yield,

and chemical composition of plants are presented in summarized

form in Table 1. Because of possible differences in homeotherms

vs. poikilotherms, the effects of naphthenates on the warm-blooded

members, and cold-blooded members of the Animal Kingdom are

presented in Tables 2 and 3, respectively. Table 4 presents the

effects of naphthenates on microorganisms.



Table 1. Effects of naphthenates on growth, development, yield, and chemical composition of PLANTS.

ORGANISM
METHOD OF

APPLICATION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Alfalfa seed soak 0.005% saline soils-growth development,
foliar yield, root system (+) (60)

Alfalfa seed soak 0.005% saline soils-water balance
yield 5.5 fold in SO4

" 2.1 fold in CI (61)

Alfalfa foliar 0.05-0.005% yield 9-40% (+) hay
seed soak 0.05% yield 23-33% (+) '1 (166)
foliar yield seeds (+)

Alfalfa seed soak 0.01% yield hay (+) (167)

Alfalfa (189)

Alfalfa seed treatment 0.005-0.05% yield and quality (+) (190)

Alfalfa growing media 0.00005-0.0005% nodule number, fresh wt. (267)

Alfalfa 0.0005% nodules (+)
0.05% nodules (-) (384)

Apple foliar 0.05% growth and productivity (+) (339)

Apple 0.004% seedlings growth, development (340)

Apple foliar 0.005% catalase activity, sugars &
nitrogenous compds (+) l

c)
soil 0.1% II (373) A



Table 1. (Continued)

METHOD OF NA PHTHENA TE

ORGANISM APPLICATION CONCENTR A TION RESPONSE REFERENCE

Apple with fertilizer 0. 1% leaf protein (+) at 1 month (374)
at 1. 5 months decreases

Apple (Chinese) drought resistance (+) (369)

Apple paste 0.6% CuNap control apple scab (399)

Apricot foliar 0.05% growth, productivity (+) (339)

Ash (green) 0.005% resistance to salinity ( 25)

Ash soil 50-200g/ha lower transpiration rate, saline
soil, growth shoots up to 640% ( 26)

Ash soil 1.8, 3. 6, 7. 2/ enzymes:catalase, polyphenoloxi-
tree dase, I-reducing (+, -) depending

on time and rate. ( 29)

Ash foliar 0.05% chlorophyll, sugar, photosynthesis,
and no. flowers and fruits (+) (237)

Ash soil 500g/ha root growth 1st yr. shoot 2nd yr.
(+) (270)

Aubergines soil 100g/ha 110% (+)
foliar 0. 005% 75% (+)
foliar 0.05% 25% (+) (187)

Barley seed soak yield 23.7% (+) ( 78)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Barley foliar 0,005-0.05% at tillering yield ( +)
soil S0- 200g /ha yield (+)
seed soak 0.005-0.01% (0)

Barley seed treatment 1-2 g, 5g/ 100kg

foliar 0.03-0.05%

Barley (malt) 0.01%

yield, grain protein (+) and
cellulose (-)
less effective

amylolytic activity (+)

( 79)

( 90)

(119)

Barley ( malt) seed soak then 0.01%, 30 hr. germination rate, (+) yeast
spray 0.005%, 24-48 hr formation, shortened malt cycle

later (224)

Barley Lvov origin less than Baku pet. (335)

Barley seed 0.04-0.07% yield, protein (+)
2 foliar appl. 625-1250 g/ha II II II (402)

Bean (sprouts) foliar 0.5% yield 21% (+ ) ( 66)

Bean (bush, snap) Ph. D. Thesis Growth, metabolic responses (114)

Bean (bush, snap) foliar 5000 ppm RNA synthesis ( t) (115)

Bean (bush, snap) foliar 5000 ppm ascorbic acid content (+) (116)

Bean (bush, snap) foliar 5000 ppm photosynthesis, dark respiration
enzyme activities (+) (118)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Bean (bush, snap) foliar 5000 ppm dry, fresh wt. -shoots, roots ( +)
plant ht. , leaf area, yield (+ ) (117)

Bean

Bean

Bean

Bean

Bean

Bean (fodder)

Bean (bush, snap)

Bean (bush, snap)

Bean (bush, snap)

Bean

seed soak 0.001%

seed soak 0.01-0.05%/ 12 hr.

seed treatment 0.005-0.05%

0.0005%
0.05%
0.0005-0.05%

seed soak 0.01%

M. S. Thesis

immersion stems 10&100 ppm/6hr.

seed soak 100 ppm/ 12 hr.

root length (+) (136)

pot exp. -size and chlorophyll
content leaves, yield (+)
field exp. -(o)

growth, leaf size, chlorophyll
content, seed yield ( +) seed from
plants protein ( +), amino acids (-)

(140)

(141)

ammonia uptake (+)
P absorption (+)
nitrate absorption (+) (164)

germination, growth, develop.(+) (228)

yield 13-30% (+) (231)

effect on IAA synthesis and
degradation (248)

root initiation 46, 153% (+) (249)

140.5 %( +) IAA synthesis at 14d. (250)

growth (+), preparation of NaNap (319)



Table 1. (Continued)

ORGANISM
METHOD OF
APPLICATION

NAPHTHENATE
CONCENTRATION RESPONSE

Bean (kidney) seedling

Bean (bush, snap) Ph. D Thesis

10, 20, 40 ug/seed. fresh & dry wts. (+)

uptake of S, Ca, Mg by KCHC

Bean (bush, snap) uptake S (o), distribution (+)
protein S

Bean seed soak 0. 01-0. 0001% growth, development (o)

Bean (bush, snap) Ph. D thesis P metabolism, KCHC metabolism
glucose uptake by excised roots

REFERENCE

( 320)

(302)

(303)

(328)

(350)

Bean (bush, snap) root tips lx10-5M
KCHC or CO2 production (+) amino acids

KNap more 14C, conjugated form active (351)

Bean (bush, snap) metabolism of KCHC (352)

Bean (bush, snap) foliar 0. 5% P-uptake (o), distribution (+) (353)

Bean (green) hydroponically yield (+) (380)

Bean (bush, snap) foliar range of fresh, dry wts. (+)-pod yield
20% (+), seed 8% (+) (405)

Bean (bush, snap) foliar 0.5% protein 26% (+), DNA 17% and
RNA 22% (+), incorporation of
14C-leucine 6% (+), nitrate
reductase act. 175%, glutamic-
oxidase 103% (+), pod wt 30% &
ripe seed 21% (+) (406)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICA TION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Bean (bush, snap) foliar 0.05% KNap

foliar lx10 1M KCHC

Bean (bush, snap)

Bean (bush, snap)

Bean (bush, snap)

Bean (bush, snap)

leaf wts-fresh & dry ( +), pods & ripe
seed +)
pod yield (+) (409)

foliar dust KNap 23.4%1+)
foliar HNap emulsions (+) but not significant
soil 0.01, 0. lg KNap

to 1800g soil 26.5% (+)
seed soak 0.001% 12.1% (+) (410)

foliar 10mM Series of Only cyclohexanecarboxylic and
different acids cyclohexylacetic acid--pods (+) (411)

foliar 20mM several enzymes (+), leaf protein
15. 3% (+), amino acids altered,
DNA(o) but RNA (+)

cell-free ext. 1pM (o) (415)

Ph. D Thesis Distribution, metabolism,
localization of KCHC. (296)

Beans (bush, snap) foliar 0.5% KNap conjugates with glucose & aspartic
acid active form, photosynthesis
dark respiration, 8 enzymes,
metabolism all (+)

Beet ( fodder) foliar 0.004% seed yield, high germination
of seeds, 1st gen. root crop (+)

(416)

( 49)



Table 1. ( Continued)

ORGANISM
METHOD OF

APPLICA TDN
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Beet (seed) seed yield (+) differential
sensitivity to application (217)

Beet seed soak 0.05% germination (+) (428)

Beet presowing yield (+) N content (+) (430)

Beet seed soak 0.005-0.05%/ 12hr germination rate, growth, yield (+) (431)

Beet (sugar) foliar - sugar content ( 48)

Beet (sugar) foliar 0.004% seed yield, high germination
of seeds, 1st gen. root crop (+) ( 49)

Beet (sugar) foliar 0.5% yield 8% (+) higher sugar content ( 66)

Beet (sugar) presowing yield 20.9% (+) ( 78)

Beet (sugar) presowing 0.005-0.05%/6hr yield (+)
sprinkling 0.01%/400 liters yield 34.5% (+) (123)

Beet (sugar seed soak yield 29-44% & sugar 0.4-0.7% (+) (139)

Beet (sugar) seed treatment root yield (+) (140)

Beet (sugar) seed soak 0.01%? 15hr yield, protein, sugar contents (+) (200)

Beet (sugar) foliar 0.005%, 500 liters/ha growth (+) (216)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRA TION RESPONSE REFERENCE

Beet (sugar) presowing 0.005% emulsion yield 8% (+) (225)
3 liters/ 100kg seeds

Beet (sugar) with fertilizer yield (+)
seed soak 0,01-0.05% less effective (230)

Beet (sugar) seed soak yield (+) (231)

Beet (sugar) max. yield 50.8% (+), tables-yield (272)

Beet (sugar) soil 100-200kg/ha yield (+)
foliar 0.05-0.1% yield (+) (273)

Beet (sugar) foliar 0.05% yield 6% (+) (281)

beet (sugar) foliar 0.5% leaf-fresh & dry wt. (+) (409)

Beet (sugar) foliar 100 ppm leaf production (+)
seed soak 10 ppm it II

TI

either method either rate (o) when changing environment (412)

Beet (sugar) seed wetting 0.01 & 0.005% yield, protein, chlorophyll (+) (418)

Beet (sugar) foliar 0.005% sugar content (+) (421)

Beet (sugar) soil 100g/ha yield (+) (427)

Birch cuttings 0.004-0.005%/ 6hr survival & growth (+) (270)



Table 1. (Continued)

ORGANISM
METHOD OF

A PPLICA TION

NAPH1HENATE
CONCENTRA TION RESPONSE REFERENCE

Birch foliar series increased P compds to meristem (434)

Buckthorn (sea) seed treatment 0.005-0.05% germination rate & growth (364)

Cabbage yield ( 13)

Cabbage foliar 25-100 kg/ha yield 12-27%, ripening, N & P (+) ( 52)

Cabbage with fertilizer yield 15-26% (+)
foliar " 12-28% "

wt. roots, N, P, Vitamin C, sugar (+) ( 53)

Cabbage

Cabbage

Cabbage

Cabbage

Cabbage

Cabbage

Cabbage

with fertilizer 50-100g/ha
foliar 50-250g/ha

yield 30-52% (+)
yield 25-100% (+)

wetting 24-36 hr yield 30% (+)

soil leaf no. , size, chlorophyll, sugar,
foliar 0.001 -0. 005%

foliar

soil

( 54)

( 57)

yield (+), cellulose (-) ( 58)

effective (126)

yield (+) (157)

yield 15- 19 %( +) (160)

yield 206% (+) (161)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Cabbage soil
foliar

Cabbage seed soak

Cabbage seed soak

Cabbage foliar

Cabbage foliar

Cabbage presowing

Cabbage seed treatment

Cabbage soil

Cabbage with fertilizer

Carrot foliar

Carrot

Carrot foliar

Carrot foliar

Carrot seed soak

50g/ha
0.005%

0.0001-0.001%

0.0001-0.01%

0.01%

0.02%

0.005 -0. 05 %/ 121u.

250g/ha

0.005%

0.001-0.005%

0.005%

yield 30% (+)
" 20% " (187)

moisture content (+) (229)

moisture content, respiration (+) (234)

yield 17% ( +) (285)

optimum rate for yield ( +) (366)

yield (+) (430)

yield (+) (431)

yield (+) (436)

early 8-12.6%, late crop 14-24% ( 59)

yield (+) ( 13)

growth, metabolism, yield (+) ( 57)

leaf no., size, chlorophyll, yield
sugar contents (+) ( 58)

yield 20% ( 59)

0.005% growth, yield (+) (216)



Table 1. (Continued)

ORGANISM
METHOD OF

A PPLICA TION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Carrot seed soak 0.01% yield ( +) (231)

Carrot seed soak 0.01%/ 2-24hr yield & quality generally (+) ( 300)

Carrot foliar 0.005% carotene (+) (421)

Carrot seed soak series germination, yield (+) (428)

Carrot presowing - yield (+) (430)

Carrot seed treatment 0.005-0.05% yield (+) (431)

Cherry foliar 0. 05% respiration rate, ascorbic acid content
of leaves & fruit yield (+) ( 96)

Cherry foliar 0.05% fruit, ascorbic acid content ( +) (273)

Cherry cuttings 0.01% root formation (+) (316)

Cherry cuttings 0.005%/6-24 hr root formation & growth (+) (376)

Clover seed soak 0.01%/ 2-24hr growth, yield, quality (+) (300)

Clover (white, sweet) seed soak 0.01-0.0001%/ 3.5hr fresh, dry wts. -root length,
plant height(+) (328)

Corn

Corn

presowing 0.005% yield (+), different responses to
saline depending on type

foliar 0.5% yield 12%(+)

( 61)
1.

( 66) p4=,



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Corn

Corn

Corn

Corn

Corn

Corn

Corn

Corn

Corn

Corn

Corn

seed soak

foliar

foliar

0.005-0.01%

oil

seed soak 0.005%/ 12hr
foliar 0.005%

seed soak

soil
soil
seed soak
seed soak

foliar

presowing

seed soak

0.05%

2. Smg/kg soil
1 Omg/ kg soil
0.005%
0.05%

0.005 -5. 0%

(o ) ( 79)

inhibits C fixation ( 99)

aid uptake and translocation of atrazine (100)

plant height, yield, oxidizing enz
II II (109)

sprouting vigor, growth (+) (113)

effective (126)

transpiration ( +), bound water (-9
" (o)

(-)) " (+)
" (+) (154)

penetrate leaf rapidity, marked
decrease in 1st 3 days (162)

0.0005% ammonia N uptake (+)
0.05% P absorption (+)
0.0005 -0. 05% nitrate N uptake (+) (164)

0.005% emulsion sap more N, P, K, Mg (192)

0.01, O. 01%/ 24hr. (o) (199)



Table L. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Corn seed soak 0.001-0.005%/ 24hr chlorophyll, carotene, sagars
ascorbic acid, growth rate (o) (208)

Corn seed soak 0.005% growth, yield (+) (216)

Coin presowing 0.005% emulsion yield 16% (+)
3 liters/100 kg seed (225)

Corn foliar 0.005-0.01% yield (+) (228)

Corn seed soak 0.0001-0.001% free and bound water (+) (229)

Corn seed soak 0.01% yield (+) (231)

Corn seed soak 0.0001 -0. 01% respiration, growth rates (+) (234)

Corn seed treatment 0.005% development, yield, starch content,
soil 100g/ha N, P, K contents (+)

transpiration rate (-) (261)

Com GA antagonistic for:
d 5 dwarf maize growth
Rumex leaf disc senescence
amylase production in barley
effects overcome by simultaneous application
of saturating doses of GA.
zeatin-inhibited senescence in the Rumex
system (o)
auxin-promoted coleoptile (oat) growth (o) (264)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPH'THENATE

CONCENTRATION RESPONSE REFERENCE

Corn seed soak, foliar yield (+)
soil II fl (272)

Corn foliar 0.05% yield 3.7% ( +) (281)

Corn foliar O. 005%/ 1000 liters/ha protein, yield (+) cellulose (-) (284)

Com seed treatment 0. 01%/ 2-24hr growth, yield generally (+) (300)

Corn nutrient uptake (+) (304)

Corn seed soak 0.005% optimum stimulation (+) (305)

Corn water culture uptake N, P, K ( +)
sand 1, less
soil insignificant (307)

Corn seed soak 0. 007%/24hr best aqueous cultures
/I It 0.01-0.015%/24hr for sand cultures (308)

Corn seed need high level of fertility,
lists changes to amino acids,
root amino acid decrease, suggest
protein synthesis (309)

Corn aqueous sol.

sand culture

development of radical surface,
radical respiration ( +), free amino
acid content influenced,
coeff. of utilization of P (+) (310)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Corn presowing 0.007% best N uptake( +), effect in following order:
in water, sand, and soil cultures (312)

Corn growth coleoptiles (+) (319)

Corn different sources of compd, and oils
extracted from, yield (+) (321)

Corn seed soak 0.01-0.0001 %/ 3.5hr development and growth (+) (328)

Corn seed treatment 0.05% water, protein, sugar, starch,
ascorbic acid content leaves (+)
peroxidase (+), polyphenoloxidase ( -),
smut infection (-) yield (o) (362)

Corn seed soak 0.02-0.04 %/ 2hr growth, root growth, yield (+) (404)

Corn foliar 0.5% leaf fresh and dry weight (+) (409)

Corn foliar & seed 0.005% yield, silage was more moist
chlorophyll & protein, seed
protein & starch (+) (418)

Corn foliar & seed 0.005% yield, kernel protein (+) (419)

Cotton presowing 0.05-0.01% yield 10-15% (+) ( 20)



Table 1. (Continued)

ORGANISM
METHOD OF

A PPLICA TION

NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Cotton soil salinity, ascorbic acid
content leaves, photosynthesis
(+), differential response in Cl
vs. SO4= conditions ( 21)

Cotton soil growth, chlorophyll content, peroxidase,
polyphenoloxidase (+), catalase (o),
carbohydrate metabolism, starch
hydrolysis (+) ( 30)

Cotton sprinkling O. 01%/ 500 liters/ha photosynthesis (+) ( 36)

Cotton seed soak 0.01%/2hr sugar, starch contents of leaves
foliar --- no. of bolls/plant, and yield
soil 200g/ha (+), at all methods ( 40)

Cotton foliar 0.05% RNA, total N, protein N (+) ( 44)

Cotton foliar 0.05% RNA (o) ( 45)

Cotton presowing 0.005% salinity, differential response,
bound water (+), yield 74-32% (+) ( 61)

Cotton seed soak germination ( 63)

Cotton foliar 0.01% growth, development, yield ( 70)

Cotton foliar P content in seeds (+) ( 71)



Table 1. (Continued)

ORGANISM
METHOD OF
APPLICATION

NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Cotton foliar 0.01% respiration (+), differential
response to fertilizer ( 72)

Cotton foliar 0.005% (Sh-8), differential response to fertilizer ( 74)

Cotton foliar 0.01% crude fiber yield (+), ascorbic acid &
chlorophyll contents (+) ( 7S)

Cotton seed treatment 0.005-0.5% growth, N, P, K uptake, yield ( +) ( 76)

Cotton foliar 0.005% yield (112)

Cotton wetting seeds 0.05% vigor, yield (113)

Cotton soil 200g/ ha total N, yield 7-23% (+ ) (125)

Cotton seed soak 0.05%/ 1-2hr yield 20-32% (+) (126)

Cotton 0.01% salt resistance, heat resistance (129)

Cotton carbohydrate metabolism, N metabolism,
enzymes, respiration (+) (152)

Cotton total, inorganic, protein N (+) (153)

Cotton seed soak weak yield (+) (157)

Cotton 0.0005% ammonia N uptake (164) 1--
N0



Table 1. ( Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Cotton

Cotton seed soak 0.05%
foliar 0. 05-0. 005%
soil 200g/ha

Cotton

Cotton seed soak 0. 0004-0. 004%
soil 100g-200g/ha
foliar 0.005, 0.01, 0.05%

Cotton soil 200g/ha

Cotton soil 300-400g/ha

Cotton liquid culture 0. 1%/ 0. 5-2m1
soil 5 -50mg/ 15kg
soil 100g/ ha
soil 100g/ ha
foliar - --

Cotton foliar 300g/ ha

Cotton seed treatment, 0.01%
top dressed 100- 400g/ha

Cotton seed soak 0.01%
soil 200 or 500g/ha

root development (165)

yield (+)
It 1

yield (o)

(168)

(170)

length of sprout 136-145% ( +)
yield 16-23% (+)
yield 12, 31, 20% (+) (187)

(201)

yield, no. bolls/plant (210

P uptake (+)
II 11 II

11 ", yield (+)
( ) (275)

yield (+) (279)

accelerated 2-3 days, yield (+) (283)

growth (+)
11 II ( 332)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Cotton seed soak 0.01% yield (+), flow sheet for manuf. (354)

Cotton foliar 250g/ha fiber (+) (355)

Cotton seed soak 0.001-0.01% germination, sprouting (+) (359)

Cotton foliar 0.005, 0.0005% yield (+), less ovary drop (370)

Cotton soil 125- 250g /ha budding- yield, bolls/plant (+)
foliar 0.0025-0.025% flowering- (385)

Cotton seed soak 0.05, 0.01, 0. 005% effects on transpiration& N
soil 100-200g/ha contents, yield (386)

Cranberry cuttings root formation (420)

Cucumber protein leaves (-) ( 41)

Cucumber 0.0004% root length 7-96% (+), stalk
11- 42 %( +) (165)

Cucumber foliar 0.005 & 0.05% yield 36 & 40% (+) (187)

Cucumber foliar twice 0.005% best (216)

Cucumber foliar 0.05% at bloom yield 15-63% ( +) (262)

Cucumber foliar 0,005% yield 48% (+) (285)



Table 1. (Continued)

ORGANISM

METHOD OF
APPLICATION

NA PHTHENATE

CONCENTRATION RESPONSE REFERENCE

Cucumber foliar 0.0001% after photosynthesis, leaf growth,
boric acid no. female flowers (+) (361)

Cucumber foliar 0.005% optimum for growth (366)

Cucumber hydroponics yield (+) (380)

Cucumber seed soak foliage development, photosyn. (400)

Cucumber seed treatment 0.005-0.05% germination rate, growth, yield
or foliar 0.05-0.1% ( +) (431)

Current (black) cuttings 0.01% rooting 26%, shoots 107%, (+) (316)

Current cuttings 0.005%/6-24 hr accelerated root formation,
stimulated root growth (376)

Eggplant leaf--nucleic acids (+), protein (-) ( 41)

Eggplant soil--foliar several effects on total wt., no. of branches,
leaf area, shoot and root growth, (+) ( 43)

Eggplant foliar 0. OS% decreased root wt. but more
branching, shoot total wt. (+) (171)

Eggplant foliar 0.05% leaf--respiration intensity (172)

Eggplant foliar 0.05% I-reducing capacity (173)

Eggplant foliar 0.005 -0. 05% ascorbic acid leaf (175)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Eggplant soil 100-200kg/ha yield (+)
foliar 0.05-0. 1 °A II II (273)

Eggplant foliar amino acid composition effected (356)

Eggplant foliar 0.05% growth leaves (+), RNA (+) (377)

Elm cuttings 0.004-0.005%/ 4-61u. plant survival and growth (+) (270)

Essential oil crops
Rosa gallica cuttings --- (+), survival 23-33% (+) (240)
Lavandula vera foliar 250g/ha yield flowers, essential oil (+) (240)
Trachyspermum copticum foliar --- yield (o), thymol, essential oil (+) (240)

Fir (Douglas) foliar 5000 ppm growth (+) (408)

Geranium cuttings 0.005%/6-24 hr accelerated rooting, growth (+) (376)

Grape foliar (o) ( 1 1 )

Grape several yield, quality (o or -) ( 69)

Grape fertilizer 0.01% yield (+) ( 77)

Grape foliar 0.05% leaf-ascorbic acid, respiration
rate (+), yield (+) ( 96)

Grape slips 0.005% (-) (101)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Grape soil catalase, ascorbic acid and chlorophyll
contents, photosynthesis pith favored
over wood parenchyma, less rooting
ability, total production (-) (197)

Grape emulsions, paste 0.2-0,3, 0.2-0.8% less than Bordeaux for mildew (209)

Grape foliar 0,05% initial decrease in metabolism then in-
crease, yield 10% and sugar 1.6% (+) (218)

Grape foliar (219)

Grape sprinkling 0.05% emulsion yield 37% (+) (225)

Grape pigments (+), physiological activity strong
but short duration, economically (o) (247)

Grape several yield (+) (272)

Grape foliar 0.05% fruits, ascorbic acid (+) (273)

Grape cuttings 0.005%1-3days rooting, growth (+)
II 0.05% generally toxic (360)

Grape foliar 0.05% yield, sugar contents, (+),flower drop (-) (381)

Grape foliar/ flowers 0.005% yield 15.8% sugar content 1.5% (382)

Grape sugar in leaves (+) (387) tv
ul



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Grape sugars and tannins (388)

Grape 0.05% rooting (393)

Grape sugar content (+) (421)

Gooseberry green cuttings rooting (+) (233)

Gooseberry green cuttings 0.01% rooting (+) shoot (+) (316)

Hemlock foliar 5000 ppm growth (+) (408)

Hemp foliar growth (+) but less than GA (193)

Hemp seed soak 0.01%/2-24hr growth, yield, quality (+) (300)

Larch seed treatment 0.02-0.05% germination rate, seedling root and
shoot growth (+) (390)

Lemon foliar 1.75% oil-aq. transpiration (-) (329)

Lilac soil 40mg/ m2 shoot, leaf growth, photosyn. (+) (221)

Lime foliar 1.75% oil-aq. transpiration (-) (329)

Lime (small-leaved) foliar 0.01% 3 times height 122.7%, diam. stern 70.4%,
soil 50m1 sol to pot wt. stem 55.5%, wt. leaves 2S%

wt. roots 42%, whole plant 40% (434)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENATE

CONCENTRATION RESPONSE REFERENCE

Linden (trees) soil 3g/ tree growth (+)
foliar 0.003% II II (315)

Locust (tree) soil 50-200g/ha salinity, growth 58% (+) ( 26)

Lupine presowing 0.05% N-content (+) (312)

Maple soil/ fertilizer 500g/ha root growth 1st yr, shoot 2nd yr (270)

Maple (Norway) foliar several transport of P to meristem ( +) (434)

Melon (Musk) seed soak 0.00012% yield, sugar content (-F)
foliar 0.00012% 11 11 II II

soil 50cc/ha II t ( 13)

Melon (Musk) seed soak 0.01% sugar content, yield (+) ( 56)

Melon (Musk) seed soak 0.0005-0.010A/ 24-36 hr yield, metabolism, growth ( 57)

Melon appl. to seeds 0.00012-0.005% yield, no. & size leaves ( 58)

Melon soil yield 44% (+)
foliar 0.0005% most effective ( 59)

Melon (Musk) foliar 0.02% stimulation (366)

Melon (Water) foliar 0.05% stimulation (366)

Melon foliar 0.05% sugar (+) (421)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENATE

CONCENTRATION RESPONSE REFERENCE

Millet foliar 0. 01% salinity, heat resistance (+) (129)

Millet seed treatment 0.04-0.07% yield, protein content (+)
foliar 625-1250g/ha 11 I' It II (402)

Millet foliar 0,01% (o)
seed soak 0.01% delayed development (435)

Mulberry (white) 0.005% salinity resistance (+) ( 25)

Mulberry soil 75-150g/ha root system development (+)
soil 5 or 10mg/plant II It /I TI

foliar 0.005-0.0005% II (155)

Mulberry soil 150g/ha RNA, protein, chlorophyll contents
foliar 0.005% of the leaves (+) (156)

Mulberry soil 75-150g/ha root system, moisture statis
foliar 0.005-0.0005% It II II " (268)

Oak soil 50-200 g/ ha moisture statis, growth ( +) ( 26)

Oak soil 1.8-7.2 mg/tree salinity, enzymes: polyphenol-
oxidase, peroxidase, catalase,
I-reducing power (variable) ( 29)

Oak seed soak growth (+) (213)

Oak foliar 0.05% leaf-sugar, chlorophyll, photosynthesis (237)



Table 1. ( Continued)

ORGANISM
METHOD OF

A PPLICA TION
NA PH THENA TE

CONCENTRATION RESPONSE

Oat foliar 0.01%

Oat foliar 0.01%

Oat seed treatment 0,04-0,07%
foliar 625-1250g/ha

green mass 10-14% ( +)

grain yield (+)

yield, protein content (+)
tl

Olive soil 75-150g/ha root system development ( +)
soil 5 or 10mg/plant II II II II

foliar 0.005-0.0005%

Olive foliar 0.01% fruit drop, fruit yield 70% ( + )

Olive soil 75-150g/ha catalase (+), water content
foliar 0.0005-0.005% leaves, root-shoot growth (+)
soil 450g/ ha inhibitory

Onion

Onion

seed yield ( +)

seed appl. 0.00012-0.005% no., size, chlorophyll, sugar
soil 50-250 ml/ha contents of leaves and plant
foliar 0.001-0.005% yield ( +)

Onion to nutrient sol. 0.0001-0.005% growth, nutrient uptake, effect
more artificial media than soil

Onion seed soak less mutations from radiation

Onion seed soak mitosis stimulation, radioprotective

REFERENCE

( 18)

( 19)

(402)

(155)

(241)

(269)

( 13)

( 58)

(108)

(147)

(148)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Onion seed treatment root cell mitotic activity, no.
binucleated cells (+) (149)

Onion seed treatment mitotic activity, root length (+) (150)

Onion seed treatment radiation protection ( +) (151)

Onion root system development (+) (165)

Onion root length 166% (+) (187)

Onion seed treatment - germination (+), yield (+) (428)

Onion presowing 100g/ha yield, N in plants (+) (430)

Onion seed treatment 0.005-0.05%/ 12hr germination rate, growth, yield
foliar 0,05-0,1% (+) (431)

Pagoda (Japanese- seed treatment 0.005% salinity, water content ( +) ( 28)
tree)

Pastures foliar 0.005-0.05% protein content (-), increased legumes
over grasses (258)

Pastures foliar 0.01% productivity (+), botanical composition (o) (293)

Pear foliar 0.05% leaf-respiration rate, ascorbic acid
content, fruit yield (+) ( 96)

Pear foliar 0.05% ascorbic acid, fruit yield (+) (273) 0



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Pea with fertilizer 100m1/ha N content, yield 20%, rhizobium
development (+) ( 37)

Pea foliar 0.005-0.05% yield ( o)
soil 50-200g/ha i, ,,

seed soak 0,005-0.01% ( 79)

Pea foliar 0.005-5.0% rapid penetration of leaves,
marked decrease 1st 3 days (162)

Pea 0.0005% ammonia N uptake (+)
0. 0005 -0. 05% nitrate N absorption ( +)
0.05% P uptake (+) (164)

Pea 0.0004% root system development (+) (165)

Pea germination, growth, development (228)

Pea presowing 0.01% cyclohexanol-yield, carbohydrate content { +))
0.01% cyclohexanone-yield
0.001% cyclohexanone oxime-yield" " (245)

Pea immersion 1-10 ppm internode elongation of dark grown seedlings (249)

Pea seed treatment 0.0005 -0. 005% yield, N content of peas
foliar 0.0005-0. 005% II II II (267)

Pea various tables of efficiency of yield (272)

Pea seed treatment 0.01%/2-24hr generally-yield, growth, quality (+) (300)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Pea seed soak 0.01-0.0001%/ 3.5hr stimulation (o) (328)

Pea source affected activity (335)

Pea chlorophyll content (+) (419)

Pepper hydroponics yield (+) (380)

Peri lla leaves root formation (+) (420)

Phellodendron foliar 0.0001 -0. 0007% pollen maturation, leaf chlorophyll,
amurense sugar contents, photosynthetic activity (+) (237)

Phlox cuttings root formation (+) (420)

Plum foliar 0.05% leaf - respiration rate, ascorbic acid content,
yield of fruits (+) ( 96)

Plum foliar 0.05% ascorbic acid content, yield (+) (273)

Picea abies watering 5 mg /liter ,sol. height (+) (223)

Pine seed treatment 0.005% salinity, water balance ( 28)

Pine foliar 0.008-0.012% root and shoot growth (105)

Pinus sylvestris preplant rootability (+), growth (o or -) (132)

Pine foliar height (+) (213)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAP HTHENATE

CONCENTRATION RESPONSE REFERENCE

Pine oleoresin flow 20% (+) (222)

Pine watering 5mg/liter sol. height (+) (223)

Pine soil 0.01% height (+) (314)

Pinus sylvestris soil 0.01% growth and development (+) (358)

Pine seed 1000 ppm germination and energy (-)
II 100 ppm germination and energy (+) (368)

Pine (Scotch) drought resistance, growth (4-) (369)

Pine seed treatment 0.02-0,05% germination rate, growth (+) (390)

Pine (lodgepole) foliar 5000 ppm growth (+) (408)

Pine foliar 500g/ha growth, Nand P absorption (+) (433)

Pine (Scotch) foliar 0.12-0.25% growth, P transport to meristem (434)

Popular slip soak 0.0001-0.001%/ 24hr effect was species-dependent (191)

Popular cuttings 0.004-0.005%/4-hhr plant survival and growth ( +) (270)

Popular cuttings stimulation of rooting ( o) (420)

Potato yield 28-29% (+) ( 13)

Potato foliar 125g/ ha tuber yield, starch ( +) ( 14)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE
CONCENTRATION

Potato soil 250-500ml/ ha
then foliar 125m1/ ha 3 times

Potato soil 500m1/ ha

Potato foliar 0.05%

Potato foliar 0.005%

Potato foliar 0.005%

Potato soaked tubers 0.005%

Potato several several

Potato

Potato foliar 0.002-0.02%

Potato

Potato soaked tubers 0.0005%/ lhr

RESPONSE REFERENCE

leaf-chlorophyll, N, P contents
photosynthesis rate (+)
tuber-yield, starch, N, P, contents (+) ( 15)

leaf-respiration, chlorophyll (+)
tuber-yield, starch, protein contents (+) ( 16)

yield 17% (+) ( 66)

pollen fertility (o), yield, starch,
ascorbic acid contents (+) (102)

tuber yield, starch content (+) (140)

activity of proteolytic enzymes
in sprouting tubers (142)

leaf-vitamin C, catalase (+)
chlorophyll, carotene (o)
tuber-yield (+) (143)

not effective (o) (170)

yield (+) (234)

yields some varieties 48% (+) (235)

yield 17.4% (+), no. shoots, assimilating
surface, chlorophyll, respiration (+) (242) (..x)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENATE

CONCENTRATION RESPONSE REFERENCE

Potato tuber treated 0.001% for breaking dormancy, but best in
combination with thiourea (253)

Potato tuber treated 0.001% thiourea added increased: yield
dormancy break, chlorophyll (+) (254)

Potato foliar 0.005% yield 12.4% (+) starch content (+)
soil 200g/ ha yield 6. 5% (+) " 11 II (394)

Potato foliar 5000 ppm tubers/plant, fresh weight ( +) (407)

Potato foliar starch content (+) (421)

Potato soil 250g/ ha growth (+)
foliar 0.005% II If (436)

Privet cuttings root formation (420)

Prunus padus foliar 0.0001-0.0007% maturation (+)
foliar 0.05% leaf-chlorophyll, sugar content

photosynthetic activity, no. of flowers (+) (237)

Psammophytes seedlings 0.001% (133)

Pumpkin seed soak yield, quality (400)

Pumpkin foliar 0.005% sugar content (+) (421)

I.Radish foliar 5000 ppm tap root fresh wt. 13.5% (+) (409) t.,J
u-1



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Rice

Rice

Rice

Rice

Robinia

foliar 0.005% yield 28% (+) (187)

foliar 0.05% best
watering 410g/ha yield (+) (262)

foliar 0.05% yield 13% (285)

seed treatment 10, 20, 40pg/seed fresh, dry wis of roots (+) length roots (o) (320)

soil 1.8, 7. 2mg/ tree salinity, enzyme activity
pseudoacacia alteration ( 29)

Robinia seed soak 0. 005-0. 05%/4hr germination rate ( +) (270)
pseudoacacia

Sorbus foliar 0.05% leaf-chlorophyll, sugar content photosynthetic
activity, no. flowers and fruits ( +) (237)

Soybean several several yield (+) (272)

Spindle-tree cuttings root formation (+) (420)

Spirea cuttings 300mg/liter lignified cuttings root formation (+)
cuttings 150mg/liter green cuttings root formation (+) (326)

Spruce seed soak 0. 02-0. 05% germination rate, root and shoot
8, 16, 48hr growth (+) (390)

Spruce ( Sitka) foliar 5000 ppm growth (+) (408)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENA TE

CONCENTRATION RESPONSE' REFERENCE

Spruce foliar 500g/ha root and shoot growth, N, P, uptake (+) (433)

Strawberry soil 2. 5-25. Og/linear meter survival (+) (196)

Sugar cane foliar oil & CuNap yield of sugar (+) (177)

Sunflower seed soak 0.01, 0.005% stem size, flower no., seed wt., oil yield (+) (226)

Sunflower seed soak 0. 02-0. 04%/ 2hr pots- growth (+)
field- root growth, water balance, yield (+) (404)

Syringa josikaea root soak 50mg/ liter he ight ( +) (223)

Tangerine foliar 0.05% yield 18. 6-21.2% (+), pulp, sugar content,
ay. wt. fruit, (+), acid content (-) (266)

Tea soil 100, 200g/ha
0.005, 0.01,
0.05%

leaf yield 25, 39% (+)
yield 19, 24, 39% (+)

(187)

Tea soil 250g/ ha leaf yield 22%, N uptake, tannin
foliar 0.05% 3 times content (+) (260)

Tea foliar 0.05% green leaves 30-39% (+) (262)

Tea foliar 0.005% green leaves 24-25% (+) (285)

Tobacco soil 0. 63m1/100kg yield of leaves 17-30% ( +), growth
foliar 0.005% survival in field (+)
seed soak 0. 005%/ 311r most effective means of appl. ( 1)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Tobacco

Tobacco

Tobacco

Tobacco

Tobacco

seed soak 0.005-0.05%/ 3-6hr yield 12-17% (+)
foliar 0,05-0.005%at 251 liters/ha yield 25-31% (+)
soil 25-50g/ 100kg yield 11- 13 %( +) ( 17)

foliar or soak (o) (124)

foliar or soak (o) (146)

(220)

soil 50-100g/ ha growth and development (+)
foliar 0.005-0.01% best mode of appl., leaf protein, carbohydrate,

P, K contents ( +), nicotine, total N (o) (422)

Tobacco foliar yield 35% (+)

Tomato soil 250cc/ ha best, yield (+)

Tomato foliar 0. 1 -0. 005% water statis, free water

Tomato soil 50- 100g /ha yield 30-37% (+), sugar, dry substances,
foliar 0.005% at 500 liters/ha ascorbic acid (+)

Tomato

Tomato

Tomato seed soak 0.00012-0.005%
soil 50-250g/ha

nucleic acids, protein

yield (+)

(423)

( 13)

( 31)

leaves-number, size, chlorophyll and sugar
contents (+), fruit-ascorbic acid content (+) ( 58)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENA TE

CONCENTRATION RESPONSE REFERENCE

Tomato seed soak

Tomato soil top dress
soil at planting

0.005% seedling crop 60. 7% (+) (

100-500g/ha growth, yield (+)
11 11 (o) (

59)

85)

Tomato M. S. Thesis growth and biochemical responses ( 97)

Tomato - yield

Tomato

Tomato

Tomato

Tomato

Tomato

Tomato

Tomato

Tomato

soil

soil

foliar 0.05% 2 times

foliar 0. 05%

foliar 0.05%

foliar 0. 005-0. 05%

foliar

soil 50g, 300g/ha
foliar 0.005, 0. 05%

(+) (157)

yield 22-32% (+) (160)

yield up to 138% (161)

respiration (+), varied over years (172)

I-reducing capacity, varied over time,
less effective than GA (173)

carbohydrate content (o) (174)

leaf-ascorbic acid (+) (175)

above ground growth, ascorbic acid, dry
substances, yield 15-20%, resistance to
high temp. (+) (179)

yield 36, 33% (+)
yield 50, 40% (+) (187)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Tomato

Tomato

Tomato

Tomato

foliar 0.05% RNA, DNA, total and proteinNcontents of
growing leaves (+), older leaves (o)

soil 250m1/0. 05% /plant yield 39% (+)

foliar 0.05% yield 46% (+)

foliar 0.005% yield 18.8% (+), proteins and
nucleic acid changes (298)

0, 005% may act as allosteric effector (299)

0.005% (o) (327)

0.02% growth (+), maturation ( o) (366)

yield (+) (380)

0.05% yield (+) (428)

Tomato foliar

Tomato foliar

Tomato foliar

Tomato hydroponically

Tomato foliar

Tomato seed treatment
foliar

(259)

(262)

(285)

0.005 -0. 05 %/ 12hr
0,05-0.1%

Trees (Unspecified) 0.0001-0.0007%

Trefoil seed soak 0.01-0.0001%

Ulmus seed soak 0,005-0.05%

germination rate, growth (+)
leaf-respiration rate, chlorophyll
protein contents (+)

pollen production (+) stunted pollen
tube growth

growth and development (+)

germination rate (+), seedling growth (o)

(431)

(236)

(328)

(270) 0



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NAPHTHENATE

CONCENTRA TION RESPONSE REFERENCE

Vetch

Vicia faba

Vicia faba

Weeds

Weeds

Weeds

seed treatment weak sol/ 2hr yield (+)

0.1%
0.001-0.0001%

inhibited mitotic activity
stimulated " 1

foliar 0.005 -0, 05% fresh wt. , lipid, cellulose content (+),
protein content (-)

foliar 0.005 -0. 1% foxtail-with ammonium nitrate yield
23% green mass (+)

foliar 0.1% foxtail-yield (-)

foliar 10-20% herbicidal to Chenopodium, Lathyrus1Carex
gracilis, Cichorium--protein RNA, DNA
contents (-)

(157)

( 24)

(258)

( 18)

( 19)

( 42)

Weeds foliar 10-20% herbicidal to basket withe
(Tournefortia sp. ), camelthorn
(Alhagi camelorum, and dodder
(Cuscuta sp. ) ( 88)

Weeds 0.0001-0.01% growth and germination (+) (205)

Weeds foliar 20% (243)

Weeds foliar 5-10% weed killing effects (429)

Weeds (432)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PH THENATE

CONCENTRATION RESPONSE REFERENCE

Wheat various fractions, showed biological
activity, total green mass (+)

Wheat (winter) soil

Wheat foliar to grain

Wheat (winter) seed treatment

Wheat (winter) seed treatment,
foliar

Wheat hydroponically

4 -10kg/ha

Sg/ 100kg

0. 2 -0. 6%
0.05%

grain yield and protein content (+)

sprouted 29% (+)

yield, protein (+), cellulose (-)

yield 19-37% (+)

several fractions varied results attempt to
explain diversities and fluctuations with
crude NGS prepns

( 50)

( 55)

( 66)

( 90)

(126)

(138)

Wheat foliar 0.005 -5. 0% penetrated leaves rapidly, content markedly
decreases 1st 3 days (162)

Wheat foliar 0.0005% ammonia N uptake (+)
0.05% P uptake (+)
0.0005 -0. 05% nitrate N uptake ( +) (164)

Wheat (winter) ( o) (170)

Wheat (winter) soil 200g/ ha
foliar 0.05%
seed 0.04%

yield 5-15%

(178)



Table 1. (Continued)

ORGANISM
METHOD OF

APPLICATION
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Wheat (winter

Wheat

seed soak 0.1, 0.01, 0.0001,
0.0001% 3 days

seed soak 0.005, 00 01,
0.05% for 6, 12, 24hrs

seed soak 0.0004%

root length of sprout, (- ), ( o),
(-), (+), resp.
root length all (+), but 6hr best

root length of sprout 193% (+) (187)

(211)

Wheat (winter) foliar 0.05% interaction with N and time of appl. had
effects on: respiration, peroxidase, catalase,
ascorbic acid, pH, glucose, maltose, sucrose,
hemicellulose content and yield (215)

Wheat (winter) several max, yield 31% (+) (272)

Wheat (winter) foliar 0.05% yield 10.7% ( +) (281)

Wheat (winter) seed wetting 0.005 or 0.05% yield (+), protein (-) (306)

Wheat growth (+) (319)

Wheat different fractions and sources (33S)

Wheat (winter) 0.04% manufacturing of NaNap, yield 30% (+) (354)

Wheat (spring) seed applied 0.04-0.07% yield and protein content (+)
foliar 0.04-0.07% 11 II II II It (402)

Wheat (spring) foliar 0.5% grain yield and fresh wt. (409)



Table 2. Effects of naphthenates on the warm blooded members of the ANIMAL KINGDOM.

NAPHTHENATE
ORGANISM CONCENTRA TION RESPONSE REFERENCE

Buffalo 1, 3, 5mg/kg blood amylase activity 10.4, 15.4, 21.2% ( +), resp.
10mg/kg II II " 29. 1% ( -) ( 33)

Buffalo development of rumen microflora stimulated (271)

Cattle 3-6mg/kg stimulate rumen bacteria, spermatogenesis and quality of semen in bulls ( 32)

Cattle 3-5mg/ kg 10-30 day old calves-wt. gains 21-29% (+), Hb 7-11% (+)
5- 10mg/ kg bulls spermatoza 1. 5 fold (+)

cows 20-25% higher birth rate
( 34)

Cattle 3-5rng/ kg wt. 21-36% (+), Hb and gamma globulin (4) ( 65)

Cattle wt. gains and feeding efficiency ( +) (104)

Cattle 2 - 3mg/ kg wt. gains (+) (347)

Cattle cyclohexanecarboxylic acid found in urine, not determined if product
of rumen bacteria or animal (375)

Cattle removal of hydrocarbons and phenols increases biological activity of prep. (395)

Cat 50mg/kg development of hysteriosis inhibited ( 84)

Cat alteration of blood-brain barrier (292)

Chicken 1- 4m g/ kg 10 day old chickens wt gain (+)
O. 05 mg/ kg older fowl ---- hens-no, and wt. of eggs (+)

( 23) 44



Table 2. (Continued)

NAPHTHENATE
ORGANISM CONCENTRATION RESPONSE

Chicken

Chicken

Chicken

Dog

Dog

Dog

Dog

Dog

Human

Human

Human

Guinea pig

Mice

3mg/ kg
P (-), lactic acid in blood (+)
body wt., egg production, blood glucose and inorg.

0.05mg/ kg bone marrow activity (+), liver cells some with
2 nuclei, capillaries dilated

3mg/ day chicks-wt gain 7.2% (+), liver glycogen 3 fold
(+), 3-PGA (+) in liver and muscles

2mg/ kg diuresis stimulated ( 46)

REFERENCE

(214)

(276)

(403)

1, 2% ointment burn healing (+) (202)

1-1.5m1 of 0. 5%/kg wt. gastric juice 10-12% (-), digestive power 90% ( ) (325)

wt. gain (+) (347)

EtOH resorption and growth (+) (348)

treatment of gastroduodenal peptic ulcers ( 67)

AMCHA or aminomethylcyclohexanecarboxylic acid use in
treatment of hemophilia (128)

AMCHA or aminomethylcyclohexanecarboxylic acid reduction
in blood loss after surgery (256)

stimulation of titer formation (398)

Cobalt naphthenate is carcinogenic (289)



Table 2. (Continued)

NAPHTHENATE
ORGANISM CONCENTRATION RESPONSE REFERENCE

Mice Cobalt naphthenate is carcinogenic, rapid, dynamic (290)

Mice does not contain a folliculin-like estrogenic hormone (383)

Mice L.D.
50

for mice 1310mg/kg (397)

Mice 0. 5mg / kg stimulated central nervous system of older mice (424)

Pig 3-6mg/ kg growth (+) ( 32)

Pig 3mg/ kg wt. gain 10-17% (+) ( 66)

Pig wt. gain (+) (104)

Pig several wt. gain (+) (287)

Poultry 3mg/ kg wt. gain 15% (+)
O. 005mg/kg egg yield 20% ( +) ( 66)

Poultry 5mg/head wt. gain 13. 3% 1st mo., 3% 2nd mo. (+),egg laying capacity 31.3% (+) (288)

Poultry growth, egg laying (+) (331)

Rabbit Brown-Pearce rabbit carcinoma inhibition or resorbed tumor ( 4)

Rabbit 10mg/kg Brown-Pearce rabbit carcinoma, extent and size of metastases (-) ( 8)

Rabbit 10mg/kg leukoblastic, erythroblastic, and thrombocyte function stimulated ( 9)

Rabbit 10-20mg/kg leukocytes and thrombocytes ( +) ( 10)



Table 2. (Continued)

ORGANISM
NA PHTHENA TE

CONCENTRATION RESPONSE REFERENCE

Rabbit

Rabbit

Rabbit

Rabbit

Rabbit

Rabb it

Rabbit

Rabbit

Rabbit

Rabbit

Rabbit

Rabb it

Rabbit

Rat

live wt. 14-23% (+) ( 23)

Brown-Pearce rabbit carcinoma inhibition, rbs's (+) ( 38)

0. Olg/kg naphthene hydrocarbons-Hb, rbc's, wbc's (-) lymphocytes (+) ( 68)

0.01-2%/1m1 Brown-Pearce rabbit carcinoma, tumor growth (+),metastasis (+) (144)

Brown-Pearce rabbit carcinoma (145)

effect on autonomic nervous system (169)

1, 2% ointment burn healing (+) (202)

20mg/kg different fractions affected-wt. gain, level of Hb, rbc's, wbc's (251)

5mg/kg
20mg/kg

aerosol 14% HNap

10-5

skin appl.

leukocytes (+), wt gain 18-20% (+)
rbc's and wbc's and wt. gain 20-22% (-)

400-100,000 particles/ml air-lung edema and emphysema

accelerated growth and differentiation of cultivated rabbit kidney
epithelium

hyperemia

0.5-50mg/kg transplanted M-1 sarcoma-tumor growth, metastasis ( -)

(252)

(255)

(347)

(363)

(397)

( 2)



Table 2. (Continued)

NAPHTHENATE
ORGANISM CONCENTRATION RESPONSE REFERENCE

Rat 5 mg/ kg acute radiation sickness-surviving animal (+), leukocytes recovered
more rapidly

Rat M-1 sarcoma with preceding x-ray, protect hemopoietic tissue,
inhibition of tumor growth

Rat 100mg/ kg uptake of I was greater for 45 days after treat.

Rat 8-10mg/ kg more rapid restoration of leukocytes and thrombocytes

Rat mud penetration through skin, found in muscle

Rat 50mg /kg did not effect invasion of muscle by Trichinella

Rat 10-20mg/kg rat sarcoma M-1, inhibition effect on most rats

Rat liver glycogen and rbc's (+)

Rat metabolic rate of nucleic acids and free nucleotides ( +)

Rat wt. gain

Rat cholesterol level, B-lipoprotein level, antherogenic index,
proportion of cholesterol to phospholipids (-), tissue respiration (+)

Rat L.D.
50

5200mg/kg for rats

Rat 0.25 or 2. 5mg /kg weak sedative effect on old rats, serum cholesterol level (+),
premature aging (o)

( 3)

( 5)

( 6)

( 7)

(120)

(122)

(176)

(212)

(294)

(347)

(378)

(397)

(424)



Table 2. (Continued)

NAPHTHENA TE
ORGANISM CONCENTRATION RESPONSE REFERENCE

Sheep

Sheep

Unspecified

Unspecified

live wt. 12-18% (+) ( 23)

0. 5, 1, 2, 3, 5mg/kg ay. wt. gains 3. 4, 12. 4, 21.6, 28.4, 11. 1% ( +) resp ( 34)

? use in endometritis (330)

restoration of skin affected by B-radiation (+) (392)10% emulsion



Table 3. Effects of naphthenates on the cold blooded members of the ANIMAL KINGDOM.

NAPHTHENATE
ORGANISM CONCENTRATION RESPONSE REFERENCE

Fish (Lepomis
macrochirus)

L. D.
o

for soft water-5. 79ppm at 18 C, 7.10prrm at 30 C -
for hard water 7.15ppm at 18 C, 7.10 at 30 C ( 92)

Fish (Lepomis no substantial interaction with several other toxic compounds. ( 93)
macrochirus)

Fish (rainbow trout) O. 5mg/ kg wt. of fish 28% ( +), food consumption 25% (-) (244)

Fish (several) O. 5mg/1 incubation period for eggs shortened, growth (+) (278)

Fish (Atlantic salmon) several ranges of lethal concentrations for hatching (338)

Fish (bluegill ) effect of HNap under low oxygen concentrations (341)

Fish (salmon) lethal and harmless concentrations set for CuNap, poisoning
symptoms described (349)

Frog demarcation potential of skeletal muscle ( +) ( 82)

Frog effect of heart-amplutide of systoles (+ or -) (204)

Insect (bee) more young, larger (130)

Insect ( silkworm) eggs incubated productivity 3-12% (+), cocoon quality (+)
with 0.5% (263)

Insect (bee) no. bees, honey (+) (274)

Insect (silkworm) 0.02% egg treat. cocoon yield (+), leaf consumption (-) (313)
(Bombyx mori)



Table 4. Effects of naphthenates on MICROORGANISMS.

ORGANISM
NAPHTHENATE

CONCENTRATION RESPONSE REFERENCE

Algae 1. 1, 3.0% CuNap inhibition of alga growth when pot dipped (371)

Algae 3. 5% CuNap inhibition of alga growth when pot dipped (372)

Bacteria 0. 0005-0. 001% growth and nitrogen fixation (+) of: Azotobacter chroococcum,
(127)A. agile, A. vinelandii, Mycobacterium flavum M. roseoalbum

Bacteria development of Azotobacter (157)

Bacteria 0. 0001% no. of Azotobacter cells (+) in 30 days (165)

Bacteria Azotobacter (+) in soil (188)

Bacteria 200g/ha activities (+) of: Azotobacter, Clostridium pasteurianium, Bacillus
virgilus, B. mesentericus, B. megaterium (201)

Bacteria 0. 0001-0. 005% nodulation and growth (+) of: Rhizobium meliloti, R. leguminosarum
added to media (267)

Bacteria - (277)

Bacteria 0. 0001% respiration of Pseudomonas (+) (359)

Bacteria lmg/1 growth of leptospires (+) (389)

-5 -4
Fungi 5x10 to % growth and formation of amylase (+) ( 91)

Fungi (137)



Table 4. (Continued)

NAPHTHENATE
ORGANISM CONCENTRATION RESPONSE REFERENCE

Fungi

Yeast

Yeast

Yeast

Unspecified

Unspecified

Unspecified

metal naphthenates poor fungicides (342)

bread vol. (+), 0.001% of flour wt. fermentation time 50% (-) (207)

alcoholic sugar splitting activity (+) (286)

0. 05% bioassay by measurement of CO2 evolved (396)

0. 005% to number microorganisms/gram soil (+)
rhizosphere

biological activity of soil (+)

800g/ha to the soil microbial activity ( +)

( 39)

( 77)

(107)



153

BIBLIOGRAPHY

1. Abdulgamidov, A. M. 1970. Effective methods for using the petroleum growth substance in
tobacco nurseries. NRV (Neft. Rostovoe Veschestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch.
Primen. NRV Sel. Khoz. , 3rd (Pub. 1971), 73-76. (Chem. Abstr. 77:84366z. 1972).

2. Abdullaev, M. D. 1963. Effect of petroleum growth-promoting substances on experimental
tumor growth. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Kfioz.,
2nd, Baku. (Pub. 1965), 533-543. (Chem. Abstr. 67:52534e. 1967).

3. Abdullaev, M. D., and Z. S. Abdurakhmanova. 1963. Effect of petroleum growth-promoting
substances on acute radiation sickness. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo
Veshchestva Sel. Khoz. , 2nd, Baku. (Pub. 1965), 553-556. (Chem. Abstr. 67:18377w. 1967).

4. Abdullaev, M. D., and Z. S. Abdurakhmanova. 1964. The effect of petroleum growth factor
on the Brown-Pearce rabbit carcinoma. Azeb. Med. Zh. 7:75-82. (Biol. Abstr.47:17661.
1966).

5. Abdullaev, M. D., and Z. S. Abdurakhmanova. 1965. Combined action of x-rays and the oil
growth substance on the rat sarcoma M-1. Vopr. Onkol. 11(8):77-81. (Chem. Abstr. 64:
2395h. 1966).

6. Abdullaev, M. D., and M. A. Andreeva. 1965. Study by radioactivation of thyroid gland
function after administration of petroleum growth-promoting substances Dokl. Vses. Soveshch.
Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 560-562. ( Chem.
Abstr. 67:52538j. 1967).

7. Abdullaev, M. D. , and T. S. Beibutova. 1963. Antitoxic effect of petroleum growth-
promoting substances. Dokl. Vses, Soveshch. Primen. Neft. Rostovogo Veshchestva Sel.
Kfioz. , 2nd, Baku. (Pub. 1965), 547-549. ( Chem. Abstr. 67:20343a. 1967.

8. Abdullaev, M. D., and G. V. Teplyakova. 1963. Effect of petroleum growth-promoting
substances on experimental metastatic spread. Dokl. Vses. Soveshch. Primen. Neft.
Rostovogo Veshchestva Sel. Kluoz., 2nd, Baku. (Pub. 1965), 544-546. ( Chem. Abstr.
67:52535f. 1967).

9. Abdurakhmanova, Z. S. 1963. Stimulation of marrow blood-formation by petroleum growth-
promoting substances. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel.
Khoz. , 2nd, Baku. (Pub. 1965), 557-559. ( Chem. Abstr. 67:52537h. 1967).

10. Abdurakhmanova, Z. S., and S. M. Kerimova. 1963. A change in some indexes of rabbit
peripheral blood during internal administration of petroleum growth-promoting substances.
Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz. , 2nd, Baku. (Pub.
1965), 550-552. (Chem. Abstr. 67:52536g. 1967).

11. Abesadze, G. E., and E. S. Vashadze. 1969. Effect of the petroleum growth substance on
grape yield. Agrokhimiya 4:89-93. (Biol. Abstr. 52:8126. 1971).

12. Abolina, G. I. , and N. Ataullaev. 1969. Influence of naphthenic growth substance (NGS)
upon the physiological and biochemical processes and the productivity of potatoes, melons,



154

and vegetables in the conditions of Uzbekistan. In K. L. Popoff (ed. ) Plant stimulation:
A symposium. p. 904. Bulg. Acad. of Sciences Press, Sofia Bulg.

13. Abolina, G. I. , N. A. Ataullaev, R. S. Rakhimova, Sh. Khodzhaev, and A Abidov. 1965.
Effectiveness of a petroleum growth stimulator on vegetables. Tr. Uzbek. Nauch. -Issled.
Inst. Ovoshche-bakhch. Kul't. Kartofelya 4:203-216. ( Chem. Abstr. 66:75168g. 1967).

14. Abolina, G. I. , and V. V. Berezhnova. 1963. Effect of petroleum growth-promoting sub-
stance on growth, development, and yield of potatoes and on physiological and soil processes
under Uzbekistan conditions. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva
Sel. Khoz., 2nd, Baku. (Pub. 1965), 73-91. ( Chem. Abstr. 67:20830g. 1967).

15. Abolina, G. I., and N. Rikhsibaev. 1970. Effect of different doses and rates of use of petrole-
um growth substances and trace-nutrient fertilizer on the yield and quality of potatoes. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz, Tr. Vses. Soveshch. Izuch. Primen. Sel. Khoz.,
3rd. (Pub. 1971), 77-83. (Chem. Abstr. 77:84367a. 1972).

16. Abolina, G. I. , and N. Usmanbekov. 1970. Effect of different doses of mineral fertilizers,
petroleum growth substance, and trace-nutrient fertilizer on the deveopment of the root
system, the yield, and quality of potatoes in Uzbek SSR sierozems. NRV(Neft. Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen, NRV Sel. Khoz., 3rd. (Pub.
1971), 84-87. Chem. Abstr. 77:84368b. 1972).

17. Abulgamidov, A. M. 1966. Effect of petroleum fertilizers and stimulants on growth, develop-
ment, transplanting and productivity of tobacco in the Nukha-Zakatal region of Azerbaidzhan
SSR. Tr. Azerb. Nauch. -Issled. Inst. Zemled. 13:264-269. (Chem. Abstr. 72:65987h.
1970).

18. Afanas'eva, T. A. 1969. Effect of treating plants with a solution of petroleum growth
substance (sodium naphthenate) and also a mixture of this solution and ammonium nitrate on
the yield of the green mass of oats and meadow foxtail under Transpolar conditions. Tr.
Khar'kov. Sel. Inst. 78:23-26. (Chem. Abstr. 72:110078a. 1970).

19. Afanas'eva, T. A. 1970. Spray application of petroleum growth substance in the Transpolar
regions. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
Sel. Khoz., 3rd. (Pub. 1971), 109-118. (Chem. Abstr. 77:84371x. 1972).

20. Agaev, D. 1965. The effectiveness of NRV (a petroleum derived growth substance) in
Azerbaidzhan. Khlopkovodstvo 15(7):50. (Chem. Abstr. 64:2679e. 1966).

21. Agakishiev, D. , and T. B. Bazanova. 1965. Effect of some growth stimulants on cotton
plant at different degrees of soil salinity. Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 5:
22-28. (Chem. Abstr. 64:20538h. 1966).

22. Agakishiev, D., G. P. Kugatova-Shemyakina, T. B. Bazanova, V.N. Gramenitskaya, and
L. I. Rozhkova. 1970. Growth activity and chemical structure. IV. Effect of 4-(2', 6'-
dimethy1-3'-cyclohexeny1)-4-hydroxy-butan-2-one and compounds related to it on the
germination and productivity of cotton plants. Agrokhimiya 7:122-125.

23. Akhundov, M. A. 1963. Effect of petroleum growth-promoting substance on animals. Dokl.
Vses, Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965),
495-496. ( Chem. Abstr. 67:17784q. 1967).



155

24. Akhundov, M. A., F. Ch. Emirova, and M. Sh. Babajev. 1969. The effect of petroleum
growth-promoting substance (PGS) on cell mitotic activity. Uch. Zap. Azerb. Univ. Ser.
Biol. Nauk 1:3-6. (Biol. Abstr. 51:132687. 1970).

25. Alekperov, S. A. 1965. The growth and development of the green ash (Fraxinus viridis)
and the white mulberry (Moms alba) under the influence of petroleum growth sbustance in
the presence of different types of salinity. Izv. Akad. Nauk Azerbaidzh SSR. Ser. Biol.
Nauk 2:3-9. (Biol. Abstr. 47:39303. 1966).

26. Alekperov, S. A., and F. Yu. Bagirov. 1963. The effect of petrochemical growth substance
on the water balance of trees grown on saline soil. In Petroleum fertilizers and stimulants in
agriculture. Akad. Nauk Azerb. SSR. Baku. 248-259. (Biol. Abstr. 45:43457. 1964).

27. Alekperov, S. A., and G. Chrjanovskaya. 1969. A physiological study on the action of
growth stimulators on woody plants in salinization conditions. In K. L Popoff (ed. ) Plant
stimulation: A symposium, p. 1050. Bulg. Acad. of Sciences Press, Sofia Bulg.

28. Alekperov, S. A., and T. E. Khrzhaovskaya. 1970. Effect of physiologically active substances
on trees in the early period of their life during salinizations of different quality. NRV (Neft,
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 329-333. (Chem. Abstr. 77:84402h. 1972).

29. Alekperov, S. A., and L P. Lebedeva. 1963. Effect of NRV (petroleum-derived growth
factor) on the activity of oxidation-reduction enzymes in the leaves of certain trees in saline
soil. Neft. Udobr. i Stimulyatory, Akad. Nauk Azerb, SSR, Otd. Sel. Nauk. p. 421-428.
(Chem. Abstr. 61:8829b. 1964).

30. Alekperova, M. S. 1970. Action of petroleum growth substance in herbicide doses on the
growth, development, and physiological-biochemical processes of cotton. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 339-342. ( Chem. Abstr. 77:84403j. 1972).

31. Alekseev, A. M., G. I. Pakhomova, and N. V. Sedykh. 1968. Physical properties of
meristem cytoplasm and the influence of growth substances on them. Issled. Fiz. -Khim.
Tsitoplazmy. p. 3-16. (Chem. Abstr. 71:90151t. 1969).

32. Aliev, A. A. 1963. Petroleum growth substance. Zhivotnovodstvo 25( 1):25-26. (Biol.
Abstr. 42:22612. 1963).

33. Aliev, A. A. 1966. Changes in the amylase activity in the blood of buffalo as a result of
different doses of urea, petroleum growth stimulator, and their combinations. Uch. Zap.
Aspirantov Azerb. Sel. Khoz. Inst. 3:87-91. (Chem. Abstr. 67:107307r. 1967).

34. Aliev, A. A. 1966. Petroleum growth substance (sodium naphthenate) as a stimulant of growth
and generative functions of ruminants. Biogen. Stimul., Mekh, Vozdeistv. Stimul. Organizm
Zhivotn. Ikh. Primen. Norm. Patoi. Sostoyanii Ahivotn. Ptits, Mater, Mezhdunar, Nauch. -
Method. Soveshch. (Pub. 1967), 195-202. (Chem. Abstr. 71:110334k. 1969).

35. Aliev, A. Yu. 1963. Effect of NRV (sodium naphthenate) on growth, development, and
composition of tomatoes. Fiziol. Aktiv. Veshchestva Ikh. Primen. Rastenievod., Dokl.
Nauch. Konf., Vilynus. (Pub. 1965), 13-17. ( Chem. Abstr. 66:45849n. 1967).



156

36. Aliev, S. A., and N. M. Rzaev. 1972. Interrelationship of the radiation regime and
photosynthesis in cotton under the effect of mineral fertilizer and petroleum growth substance.
Dokl. Mad. Nauk Azerb. SSR 28 (6/7):56-69. (Biol. Abstr, 56:64191. 1973).

37. Aliev, S. D. 1970. Effect of petroleum growth substance on the yield of peavine. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. Sel. Khoz.,
3rd. (Pub. 1971), 99-101. (Chem. Abstr. 77:84369c. 1972).

38. Aliev, Yu. Yu. 1964. Effect of petroleum growth promoter and its combination with thio
TEPA [iris( 1- aziridinyl)- phosphine sulfide] on the development of Brown-Pearce sarcoma.
Vopr. Onkol. 10(6):94-97. (Biol. Abstr. 46:29983. 1965).

39. Alieva, N. Sh. 1967. Effect of the petroleum growth stimulant on the microflora present in
the rhizosphere of some legumes. Uch. Zap. Azerb. Univ. Ser. Biol. Nauk 3:15-21. (Biol.
Abstr. 50:49443. 1969).

40. Alieva, V. I. 1970. Effect of physiologically active substances on physiological-biochemical
processes and on the yield of cotton. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr.
Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 349-351. (Chem.
Abstr. 77:97682z. 1972).

41. Ali-Zade, M. A. 1970. Physiology of nucleic acids and protein metabolism in plants.
Izv. Akad. Nauk Azerb. SSR, Ser. Biol. Nauk 2:69-74. ( C hem. Abstr. 74:108198n. 1971).

42. Ali-Zade, M. A. , and L G. Dzhavadova. 1970. Effect of petroleum growth substance (high
concentration of solutions) on nucleic acid and protein metabolism in weeds. NRV (Neft,
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd.
(Pub. 1971), 355-357. (Chem. Abstr. 77:84404k. 1972).

43. Ali-Zade, M. A., and Z. B. Guseinov. 1963. Effects of petroleum growth-promoting
substances, gibberellin, and heteroauxin on the growth and development of eggplants. Dokl.
Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965),
343-347. (Chem. Abstr. 67:20847t. 1967).

44. Ali-Zade, M. A. , and S. I. Shafi-Zade. 1965. Effect of fertilizer made from petroleum
and gibberellin on concentration of ribonucleic acid in leaves of cotton plants. Dokl. Akad.
Nauk Azerb. SSR 21(12):40-43. (Chem. Abstr. 65:4595a. 1966).

45. Ali-Zade, M. A. , and S. I. Shafi-Zade. 1970. Change in the nucleic acid and nitrogen
levels in cotton leaves under the effect of growth stimulants. NRV(Neft.Rostovoe Veshchestvo)
Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 352-
354. (Chem. Abstr. 77:97683a. 1972).

46. Amirov, T. A. 1965. The effect of petroleum growth substance on diuresis. Uch. Zap. Azerb.
Univ. Ser. Biol. Nauk 3:87-92. (Biol. Abstr. 48:96219. 1967).

47. Anbrokh, R. V., L D. Zagrilchuk, 0. L. Solov'eva, L A. Novitskaya, and A. V. Bogatskii.
1969. Composition and physiological activity of naphthenic acids of diesel fuel and Otduv
(by-product formed during bitumen production) from Eastern USSR petroleums. Fiziol. Aktiv.
Veshchestva 2:179-186. ( Chem. Abstr. 73:13325s. 1970).



157

48. Arkhangel'skii, N. S. 1972. Sugar beets grown at the field-crop experimental station.
Dokl. TSKHA (Timiryazev. Sel. Akad. ) No. 180 Pt. 1):131-147. (Chem. Abstr. 78:
144233m. 1973).

49. Arkhangel'skii, N. S., Z. M. Arkhangel'skaya, and A. P. Smirnov. 1971. Effect of the
complex treatment of seed plants with solutions of nitrogen-phosphorus-potassium and
physiologically active compounds on the subsequent generation. Dokl. TSKHA ( Timiryazev.
Sel. Akad. ) No. 168:47-51. (Chem. Abstr. 76:136755b. 1972).

50. Artamonov, A. F., and M. I. Goryaev. 1971. Properties and biological activity of naph-
thenic acid fractions of Baku petroleum. Izv. Akad. Nauk Kaz. SSR, Ser. Khim. 21( 5):78-81.
(Chem. Abstr. 76:26927b. 1972).

51. Arutyunov, I. Kh., A. I. Stolov, and V. A. Lezhneva. 1963. Effective growth stimulant
for agricultural crops from residues of petroleum refining. Neftepererabotka i Neftekhim.,
Nauchn. -Tekhn. Sb. 11:22-24. (Chem. Abstr. 61:5431d. 1964).

52. Asadov, Sh. D. 1963. Effect of new types of fertilizers on growth, development, and yield
of vegetables. Fiziol. Aktiv. Veshchestva Ikh. Primen. Rastenievod., Dokl. Nauch. Konf.,
Vilnyus. Pub. 1965), 19-23. (Chem. Abstr. 66:45850f. 1967).

53. Asadov, Sh. D. 1963. Effect of petroleum growth promoting substances on the cabbage crop.
Dokl. , Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku.
(Pub. 1965), 230-236. (Chem. Abstr. 67:20835n. 1967).

54. Askerov, K. M. 1963. Rational methods for the use of organic fertilizers obtained from
the petroleum wastes for increasing the productivity of cabbage. Izv. Akad. Nauk Azerb.
SSR Ser. Biol. i Med. Nauk 2:79-84. (Biol. Abstr. 44:12482. 1963).

55. Aslanov, A.M. 1970. Effect of petroleum growth substance on the yield and level of nitrogen
in winter wheat. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz. , Tr. Vses. Soveshch. Izuch.
Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 106-108. (Chem. Abstr. 77:84370w. 1972).

56. Ataullaev, N. A. 1963. Effect of petroleum growth stimulant on the development, physiolog-
ical changes, and yield of musk melons (Cucumis mei° ) grown under conditions prevailing in
Uzbekistan. Uzbeksk. Biol. Zhur. 7( 5):8-14. (Biol. Abstr.. 45:93131. 1964).

57. Ataullaev, N. A. 1965. Effect of growth stimulants of petroleum origin and complex trace
element fertilizers on the yields of melon and vegetables. Tr. Uzbek. Nauch. -Issled. Inst.
Ovoshchebakhch. Kul't. Kartofelya 4:180-202. ( Chem. Abstr. 66:84961n. 1967).

58. Ataullaev, N. A. , Sh. Khodzhaev, A. Abidov, and R. Rakhimova. 1970. Effect of
petroleum growth substance on a change in physiological-biochemical processes in plants in
Uzbekistan. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch, Izuch.
Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 363-380. (Chem. Abstr. 77:97684b. 1972).

59. Ataullaev, N. A. , K. K. Lutsenkova, R. S. Rakhimova, and Sh. Khodzhaev. 1963. Effects
of petroleum growth-promoting substances and mineral fertilizers on the physiological changes
in plants and the crop of melons and vegetables in Uzbekistan. Dokl. Vses. Soveshch. Primen.
Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 348-364. (Chem. Abstr.
67:42758s. 1967).



1 58

60. Azizbekova, Z. S. 1962. The effect of petroleum growth substances on the yield of Agropyron
and alfalfa on soils with various types of salinity. Dokl. Akad. Nauk Azerb. SSR 18(1):83-88.
( Chem. Abstr. 60:7393f. 1974).

61. Azizbekova, Z. S. 1963. The action of a new petrochemical growth stimulant on the water
balance of cotton, corn, and alfalfa. In Petrochemical fertilizers and stimulants. Akad. Nauk
Azerb. SSR. Baku. 328-352. (Biol. Abstr. 45:48271. 1964).

62. Babaev, D. 1966. The effects of growth stimulators on some physio-biochemical processes
of the root system in cotton plants. Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 3:24-32.
(Chem. Abstr. 65:15997e. 1966).

63. Babaev, D. 1970. Effect of growth substances upon the germination of fine-fibered cotton
seeds. Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 5:8-14. (Chem. Abstr. 74:98579w.
1971).

64. Babion, B. M., and K. Bloch. 1966. Aromatization of cyclohexanecarboxylic acid. J. Biol.
Chem. 241:3643-3651.

65. Bagdasarova, A. M. , and T. E. Yusubova. 1963. Effect of petroleum growth-promoting sub-
stances, biovetin, and tissue preparation of spleen emulsion on calf growth. Dokl. Vses.
Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 501-504.
(Chem. Abstr. 67:52533d. 1967).

66, Baivarovskaya, Yu, V., A. I. Preobrazhenskaya, L. M. Starkova, and E. S. Sevast'yanova.
1963. Growth factor production from petroleum of the Perm region. Neftepererabotka i
Neftekhim., Nauchn.-Tekhn. Sb. 7:8-9. (Chem. Abstr. 60:6147d. 1964).

67. Baladzhaeva, S. S. 1967. The treatment of gastroduodenal peptic ulcer with naphthene
hydrocarbons of naphthalane petroleum. Vop. Kurortol. Fizioter. Lech. Fizkul't. 32(3):
249-253. (Biol. Abstr. 49:67371. 1968).

68. Baladzhaeva, S. S., and L. I. Loginova. 1964. The action of the naphthene hydrocarbons of
naphthalan naphtha on the morphology of the peripheral blood. Sb. Tr. Azerb. Nauch. -Issled
Inst. Kurortol. Fiz. Metod. Lech. 10:202-204. (Biol. Abstr. 47:21529. 1966).

69. Basan'ko, A. A. , P. N. Dyuzhev, Yu. F. Zaitseva, and P. I. Litvinov. 1963. Use of petroleum
growth-promoting substance in vineyards of the Rostov region. Dokl. Vses. Soveshch. Primen.
Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. ( Pub. 1965), 95-100. (Chem. Abstr.
67:20831h. 1967).

70. Bazanova, T. B. 1967. Effect of succinic and naphthenic acids on the fine-fibered cotton
plant after various doses of nitrogen-phosphorus fertilizers. Izv. Akad. Nauk. Turkm. SSR,
Ser. Biol. Nauk 4:24-29. (Chem. Abstr. 68:28840b. 1968).

71. Bazanova, T. B. 1968. Effect of growth substances on nitrogen-phosphorus metabolism in
nitrogen and phosphorus nutrition in cotton. Izv Akad. Nauk Turkm. SSR, Ser. Biol. Nauk
1:38-43. (Biol. Abstr. 51:51699, 1970).

72. Bazanova, T. B. 1969. Effect of growth stimulants on enzyme activity in cotton leaves in rela-
tion to nutrition conditions. Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 1:9-14. (Chem.
Abstr. 71:59868h. 1969).



159

73. Bazanova, T. B. 1970. Effect of the growth-regulating pr eparation Sh-8 on the content of
free-auxin and inhibitors in various organs of fine-fibered cotton. Izv. Akad. Nauk Turkm.
SSR, Ser. Biol. Nauk 3:9-16. (Chem. Abstr. 74:12054m. 1971).

74. Bazanova, T. B. 1972. Effect of Sh-8 [4-(2', 6' -dimethy1-3'cyclohexyl)-4-hydroxy-2-
butanone] fumigant on certain characteristics of metabolism occurring in reproductive organs
and bracts of fine-fibered cotton. Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 3:14-20.
(Chem. Abstr. 77:136138y. 1972).

75. Bazanova, T. B., and K. M. Akopova. 1966. The effect of naphthenic acids on several
aspects of metabolism and yield of fine-fiber cotton plants under various nutritive conditions.
Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 5:53-58. (Biol. Abstr. 49:4685. 1968).

76. Belousov, M. A., A. Kariev, and G. Khodzhaev. 1970. Effect of various petroleum growth
substance fractions on growth, development, and metabolism in cotton. NRV (Neft. Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub.
1971), 381-385. (Chem. Abstr. 77:84405m. 1972).

77. Belov, E. A. 1965. Effect of petroleum growth stimulant on the microflora and nutrient
conditions of the soil. Kartya Moldovenyashe: Kishinev 2:72-75. (Biol. Abstr. 48:98501.
1967).

78. Bel'skii, B. B. 1963. Efficiency of petroleum growth-promoting substance in the Belorussian
peat-marshy soils. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz.,
2nd, Baku. (Pub. 1965), 104-109. ( Chem. Abstr. 67:10563h. 1967).

79. Bel'skii, B. B. , and D. M. Demidenko. 1970. Use of petroleum growth substance on
Belorussian peat soils. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. Sel. Khoz., 3rd. (Pub. 1971), 119-124. (Chem. Abstr. 77:84372y. 1972).

80. Bernhard, K. 1937. Stoffwechselversuche zur dehydrierung des cyclohexanringes. Hoppe-
Seyler's Z. Physiol. Chem. 248:256-276.

81. Bernhard, K., and H. Catflisch-Weill. 1945. Zur hydrierung der hexahydrobenzoslre im
tierkorper. Hely. Chim. Acta 28:1697-1707.

82, Bezrukova, V. S. , and G. M. Rakhmankulova. 1967. Demarcation potential of a muscle
during the action on it and on the central nervous system of a solution of a petroleum grovrth
substance. Vop. Nerv. -Myshechnoi Fiziol. 109-124. (Chem. Abstr. 70:66529f. 1969).

83. Bock, R., and K. Behrends. 1965. Investigation of a mixture of petroleum acids. The
naphthenic acid problem. Z. Anal. Chem. 208:338-352.

84. Bogatyreva, E. S. , and G. M. Rakhmankulova. 1968. Effect of a petroleum growth sub-
stance on the development of hysteriosis. Vestn. Stud. Nauch. Obshchest., Kazan. Gos,

Univ. , Estestv. Nauki No. 4 (Pt. 1):3-12. (Chem. Abstr. 74:30688a. 1971).

85. Borisov, V. Ya., and R. L. Chaban. 1970. Effectiveness of the action of petroleum growth
substance and trace-nutrient fertilizer on the yield of tomatoes in the Crimea. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. Sel. Khoz., 3rd.
(Pub. 1971), 128-132. (Chem. Abstr. 77:84373z. 1972).



160

86. Borisova, L. S., and N. D. Ryabova. 1971. Analysis of C5_9 naphthenic acid by gas-liquid
chromatographic method. Uzb. Khim. 7h. 15:39-40. (Chem. Abstr. 76:80861. 1971).

87. Bruevich, T. S. 1971. Occupational skin pathology developing in workers of oil refining
plants. Vestn. Dermatol. Venerol. 45(4):43-47. (Biol. Abstr. 52:131705. 1971).

88. Brzhezitskii, M. 1963. The herbicidal properties of petrochemical growth compounds. Akad.
nauk Azeib. SSR: Baku. p. 357-358. (Biol. Abstr. 45:70517. 1964).

89. Budagyan, E. G., and M I. Gol'din. 1967. Testing the effect of the petroleum growth sub,-
stance on tobacco mosaic and potato X virus. Biol. Zh. Arm. 20(10):92-97. (Biol. Abstr.
50:21891. 1969).

90. Bulavas, J. , and L Rimkevicius. 1970. Effect of a petroleum growth substance preparation
on the yield and quality of winter wheat and spring barley grain in the Lithuanian SSR. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz., 3rd. (Pub. 1971), 133-138. (Chem. Abstr. 77:97681y. 1972).

91. Burachevskii, I. I. 1965. Activation of the synthesis of amylase by Aspergillus usamii.
Fermentnaya i Spirit. Prom. 31(2):6-8. ( Chem. Abstr. 62:16920h. 1965).

92. Cairns, J. Jr., and A. Scheier. 1962. The effects of temperature and water hardness upon
the toxicity of naphthenic acids to the common bluegill sunfish, Lepomis macrochirus and
the pond snail, Physa heterostropha. Notulae Naturae 353:1-12. (Chem. Abstr. 57:13033a.
1962).

93. Cairns, J. Jr. , and A. Scheier. 1968. A comparison of the toxicity of some common industrial
waste components tested individually and combined. Progr. Fish Cult. 30 1):3-8. ( Chem.
Abstr. 68:98450y. 1968).

94. Carr, D. R. 1957. Timber preservation in New Zealand. Tech. Paper Forest Res. Inst. New
Zealand Forest Service 14:1-19. (Biol. Abstr. 33:23718. 1959).

95. Cason, J. , and K. L. Liauw. 1965. Characterization and synthesis of monocyclic eleven
carbon acid isolated from a California petroleum. J. Org. Chem. 30(6):1763-1769.

96. Chkhaidze, G. D., and G. I. Asatiani. 1970. Change in physiological-biochemical indexes
during the use of petroleum growth substance in perennial cultivated plants. NRV (Neft,
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd.
(Pub. 1971), 573-576. (Chem. Abstr. 77:84432t. 1972).

97. Chu, S. M. 1969. Growth and biochemical responses of the tomato (Lycopersicum
esculentum L var. Bonny Best) to K-naphthenates. M. Sc. Thesis. University of British
Columbia, Vancouver, Canada.

98. Coaton, W. G. H. , and J. L. Sheasby. 1971. Soil-poisons for proofing buildings against
subterranean wood-destroying termites. Phytophylactica 3(1):51-60. (Biol. Abstr. 54:1601.
1972).

99. Coats, G. E., and C. L. Foy. 1974. Effects of atrazine-phytobland oil combinations on
14

CO2-
fixation and transpiration. Weed Sci. 22(3):215-220.



161

100. Coats, G. E., and C. L. Foy. 1974. Effect of petroleum oils on the uptake of atrazine- 14
C

by corn. Weed Sci. 22( 3):220-226.

101. Danailov, B., S. Mikhailova, and V. Volchev. 1968. Results of investigation of the effect
produced by the preparations NRV and Biomine upon the vine. Gradinar bazar Nauka 5(1):
73-81. (Biol. Abstr. 51:98355. 1970)

102. Degtyareva, N. I., and I. Kh. Sukhareva. 1970. Effect of growth stimulants such as petroleum
growth substance, 2, 4 -D, and 2, 4, 5- trichlorophenoxyacetic acid on the fertility of pollen,
yield, and commercial quality of the potato. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz.,
Tr. Vses. Soveshch. lzuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 413-414. (Chem.
Abstr. 77:97686d. 1972).

103. Demchenko, P. S. , B. S. Shapoval, and T. P. Kudrya. 1965. Synergism and antagonism
in mixtures of surfactants having different chemical structures. Vses. Soveshch. Sin. Zh.,
Poverkhnostnoaktiv. Veshchestvam Moyushch. Sredstvam, 3rd, Shebekino, 344-345. (Chem.
Abstr. 66:30253q. 1967).

104. Dinu, I. , V. Theodoru, M. Conrad, N. Manolescu, M. Macri, and Fl. Dobre. 1969. Influ-
ence of PNB (naphthenic biostimulant preparation) on animal growth and fattening. Rev.
Zooteh. Med. Vet. 19(9):21-26. (Chem. Abstr. 72:97933d. 1970).

105. Dorokhova, L. S. 1970. Use of petroleum growth substance in tree nurseries. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 421-423. (Chem. Abstr. 77:84412m. 1972).

106. Downer, J. D., and C. L W. Swanson. 1972. Micro-nutrient naphthenate compositions
for plants. U. S. Patent 3,661,550 (Cl. 71/27; C 05f), 09 May 1972, Appl. 852,470. 22 Aug.
1969; 4 pp. (Chem. Abstr. 77:47383g. 1972).

107. Dzhafarov, M. I. 1970. Effect of petroleum growth substance on the phosphate status and
biological activity of soil. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses, Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 418-420. ( Chem. Abstr. 77:84411k.
1972).

108. Dzhebrailov, M. G., and R. M. Movsumov. 1970. Use of petroleum growth substance on
vegetable crops in different substrates. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr.
Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 415-417. (Chem.
Abstr. 77:84410j. 1972).

109. Egiyan, R. S. 1963. Effect of petroleum growth-promoting substance on physiology of corn.
Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub.
1965), 374-377. (Chem. Abstr. 67:10567n. 1967).

110. Eider, N. G. 1970. Analysis of naphthenic acids by gas-liquid chromatography. J. Paint
Techno. 42( 548 ):504-509.

111. Ejubov, R., and F. Issaeva. 1969. Influence of the naphthenic growth substances on the
growth, development, and yield of maize and lucerne. In: K. L Popoff, (ed. ) Plant Stimula-
tion: A symposium. Bulg. Acad. of Sciences Press, Sofia, Bulg. pp. 921-929.



162

112., Eshankhodzhaev, T. 1970. Effect of growth stimulants on economically valuable character-
istics of intervarietal cotton hybrids. Dokl. Akad. Nauk Uzb. SSR 27(5):67-68. (Chem.
Abstr. 75:97449n. 1971).

113. Eyubov, S. M. 1963. The effect of petrochemical growth substance on the productivity of
raw cotton and corn on different types of soils in the Azerbaidzhan SSR. Akad. Nauk Azerb.
SSR: Baku, pp. 100-103. (Biol. Abstr. 45:70504. 1964).

114. Fattah, Q. A. 1969. Growth and metabolic responses of the bush bean to potassium naph-
thenates. Ph. D. Thesis. University of British Columbia, Vancouver, Canada.

115. Fattah, Q. A. 1970. Effect of potassium naphthenate on ribonucleic acid in the leaf of
Phaseolus vulgaris L. Pak. J. Bot. 2(2):31-38. (Biol. Abstr. 53:4828. 1972).

116. Fattah, Q. A. 1972. Effect of potassium naphthenate on ascorbic acid contents of the pods
of Phaseolus vulgaris L Bangladesh J. Bot. 1' 1/2):149-158.

117. Fattah, Q. A., and D. j. Wort. 1970a. Effect of light and temperature on stimulation of
vegetative and reproductive growth of bean plants by naphthenates. Agron. J. 62:576-577.

118. Fattah, Q. A., and D. J. Wort. 1970b. Metabolic responses of bush bean plants to naphthenate
application. Can. J. Bot. 48:861-866.

119. Fertman, G. I. 1965. Enzymic activity of malt in conjunction with growth stimulators.
Fermentnaya i Spirt. Prom. 31'3):15 -19. (Chem. Abstr. 63:6283g. 1965).

120. Filippov, Yu. N., D. M. Guseinov, F. M. Efendieva, A. Kh. Budagyan, and A. I. Zhuraviev.
1966. Penetration of naphthenic acids found in therapeutic mud through the skin. Dokl. Akad.
Nauk Azerb, SSR 22(6):53-57. (Biol. Abstr. 48:69736. 1967)

121. Friedmann, E. 1911. Hoppe-Seyter's Z. Physiol. Chem. 34:49. Quoted in R. T. Williams.
1959. Detoxication mechanisms. John Wiley and Sons, New York, New York. p. 119.

122. Frol'tsova, A. E., B. A. Astaf'ev, and L. M. Konovalova. 1965. Research of specific
therapy for trichinosis. I. Quinacrine hydrochloride, Dipterex (0,0-dimethy1-2,2,2-trichloro-
1-hydroxy-ethylphosphonate), monomycin, and preparation OGS (petroleum oil growth pro-
moted substance) in experimental trichinosis in rats. Med. Parazitol. Parazitarn Bolezni 34(4):
387-389. ( Biol. Abstr. 47:53886. 1966).

123. Gainutdinov, M. Z., and Yu. S. Karpilov. 1963. Efficiency of petroleum growth-promoting
substances in Tatar ASSR sugar beet plantation. Dokl. Vses. Soveshch. Primen. Neft.
Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 112-114. (Chem. Abstr. 67:
10602v. 1967).

124. Garbev, B., N. Donev, and I. Miljancev. 1970. Results from the effect of Biomin and NRV
(petroleum growth substance) on tobacco. Rastenievod Nauki 7(8):29-38. (Biol. Abstr.
52:105081. 1971).

125. Gasanov, M. A. 1970. Effectiveness of petroleum growth substance following mineral fertilizers
under cotton. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses, Soveshch. Izuch.
Primen. Sel. Khoz., 3rd. (Pub. 1971), 156-157. (Chem. Abstr. 77:84376c. 1972).



163

126. Gasanov, Z. G. 1970. Research results from the agrochemical laboratory of the Ministry of
Agriculture, Azerbaidzhan SSR, for 1963-1965. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz.,
Tr. Vses. Soveshch. Izuch. Primen. Sel. Khoz., 3rd. (Pub. 1971), 149-155. (Chem. Abstr.
77:84375b. 1972).

127. Gazanchyan, Zh. M. 1970. Effect of physiologically active substances of petroleum origin
on the fixation of atmospheric nitrogen by different soil microorganisms. NRV (Neft, Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. Sel. Khoz., 3rd. (Pub. 1971),
393-397. (Chem. Abstr. 77:84407p. 1972).

128. Gebauer, D., and K. Heigel. 1969. Therapeutic treatment of hemophilia by AMCHA
(aminomethylcyclohexane carboxylic acid). Med. Klin. 64(9):378-382. (Biol. Abstr. 51:
43481. 1970).

129. Genkel, P. A. , and R. G. Abdieva. 1970. Effect of petroleum growth substance on the salt
tolerance and heat resistance of plants. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr.
Vses. Soveshch. Izuch. Primen. Sel. Khoz., 3rd. (Pub. 1971), 17-25. (Chem. Abstr.
77:84360t. 1972).

130. Glushkov, N. M. , and A. S. Yakovlev. 1963. Bee feeding with growth substances. Pchelo-
vodstvo 6:25-27. (Chem. Abstr. 63:6080b. 1965).

131. Goldstein, R. F., and A. L Waddams. 1967. Petroleum Chemicals Industry, 3rd ed. E. and
F. N. Spon, Ltd. London. pp. 439-442.

132. Golovashchenko, V. P. 1963. Use of petroleum-derived growth substances on pine plants.
Lesn. Khoz. 16(6):35-37. (Biol. Abstr. 45:48462. 1964).

133. Gorbacheva, V. F. 1966. Increase of psammophyte acclimatization by new growth stimu-
lators of petroleum and nicotine origin. Izv. Akad. Nauk Turkm. SSR, Ser. Biol. Nauk 6:67-
70. (Chem. Abstr. 67:63158m. 1967).

134. Gorshkova, K. N., R. S. Loshmanova, Z. D. Blinova, L. Yu. Popova, and R. Zh. Tuzmuk-
hambetova. 1970. Morphological changes in some organs during the use of the petroleum
growth substance (sodium naphthenate) in rabbits. Tr. Saratov. Sel. Inst. 25:29-31. (Chem.
Abstr. 76:621x. 1972).

135. Goryaev, M. I. 1970. Petroleum growth substance chemistry. NRV (Neft. Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub.
1971), 26-29. (Chem. Abstr. 77:84258r. 1972).

136. Goryaev, M. L , A. F. Artmonov, and S. V. Piotrovskii. 1971. Growth stimulants from
petroleum refining products. Vestn. Akad. Nauk Kaz. SSR 27(3):49-52. (Chem. Abstr.
75:4323d. 1971).

137. Goryaev, M. I., A. A. Kataeva, N. F. Vladimirova, R. N. Ekimova, and N. I. Baer.
1968. Biopreparation for growing molds producing pectolytic enzymes. Izobret., Prom.
Obraztsy, Tovamye Znaki 45(28):6. (Chem. Abstr. 70:18918k. 1969).

138. Goryaev, M. I. S. V. Piotrovskii, A. F. Artamonov, and A. D. Dembitskii. 1967. Fractions
obtained from naphtha substance (NGS) and their biological activity. Izv. Akad. Nauk Kaz. SSR
Ser. Khim. 17(4):88-90. (Chem. Abstr. 68:48497y. 1968).



164

139. Gruodiene, J. 1966. Effect of heteroauxin and petroleum growth-promoting substances on
the sugar beet crop. Liet. TSR Aukst. Molyklu Mokslo Darb., Biol. 6:95-100. (Chem.
Abstr. 66:94106b. 1967).

140. Gruodiene, J. 1970a. Results of experimental studies of petroleum growth substance. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 163-164. (Chem. Abstr. 77:84378e. 1972).

141. Gruodiene, J. 1970b. Effect of petroleum growth substance on the growth and yield of beans.
NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz. , 3rd. (Pub. 1971), 165-167. ( Chem. Abstr. 77:84379f. 1972).

142. Gruodiene, J., and S. Buciene. 1967. Effect of growth stimulants on nitrogen metabolism
of potatoes. Liet. TSR Aukst. Molyklu Mokslo Darb. , Biol. 7:51-59. (Chem. Abstr. 69:
75779u. 1968).

143. Gruodiene, J., and D. Matkenaite. 1965. The influence of a petroleum growth agent on
some physiologic processes and yield of potatoes. Liet. TSR Aukst. Mokyklu Mokslo Darb.,
Biol. 5:45-56. (Chem. Abstr. 64:4184c. 1966).

144. Gulieva, S. A. 1966. Metastasis of Brown-Pearce carcinoma under the effect of anew organic
substance of petroleum origin. Patol. Fiziol. Eskp. Ter. 10( 6):66-68. (Chem. Abstr. 66:
36489t. 1967).

145. Gulieva, S. A. 1967. Some quantitative and qualitative changes in the peripheral blood in
cases of Brown-Pearce carcinoma following treatment with petroleum growth substance (rabbit).
Uch. Zap. Azerb. Inst. Usoversh. Vrach 8(3):38-45. (Biol. Abstr. 50:126698. 1969).

146. Gurbev, B. , N. Donev, and I. Milyanchev. 1970. Effect of biomin and petroleum growth
substance (sodium naphthenate) on tobacco. Rastenievud Nauki 7(8):29-38. (Chem. Abstr.
74:75435g. 1971).

147. Gurvich, M. L. 1968. Cell mutation and structural variability of chromosomes exposed to
the radioprotective action of the sodium salt of petroleum acids (the petroleum growth sub-
stance). Uch. Zap. Azerb. Univ. Ser. Biol. Nauk 4:18-24. (Biol. Abstr. 50:39576. 1969),

148. Gurvich, M. L. 1968b. Effect of sodium naphthenate on the mitotic activity of cells under
a- irradiation. Tsitol. Genet. 2( 5):400-407. ( Chem. Abstr. 70:17398d. 1969).

149. Gurvich, M. L. 1970. Phytogenetic activity of petroleum growth substance. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz. , 3rd.
(Pub. 1971), 398-400. (Chem. Abstr. 77:84408q. 1972).

150. Gurvich, M. L., and V. K. Shcherbakov. 1968. Mitotic activity stimulation and appearance
of binucleated cells under the action of salts of naphthenic acids. Tsitologiya 10:1058-1063.
( Chem. Abstr. 69:85616c. 1968).

151. Gurvich, M. L., and V. K. Shcherbakov. 1969. Effect of sodium naphthenates (petroleum
growth substance) on mutation of Q -irradiated cells. Tsitol. Genet. 3(2):158-163. (Chem.
Abstr. 71:36277a. 1969).



165

152.. Guseinov, B. Z., and F. S. Dzhafarova. 1963. The physiological basis for the use in agri-
culture of organic fertilizers derived from petroleum. Neft. Udobr. i Stimulyatory, Akad.
Nauk Azerb. SSR, Otd. Sel'skokhoz Nauk. p. 40-51. (Chem. Abstr. 61:8851a. 1964).

153. Guseinov, B. Z., and F. S. Dzhafarova. 1967. The effect of organic fertilizer, derived
from petroleum, on the nitrogen metabolism of cotton plants. Dokl. Akad. Nauk Azerb. SSR
23(4):48-51. (Chem. Abstr. 68:38576j. 1968).

154. Guseinov, B. Z., and Z. Yu. Mamedova. 1963. Physiological significance of petroleum
growth-promoting substances in plant growth. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo
Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 365-373. (Chem. Abstr. 67:10566m. 1967).

155. Guseinov, B. Z., and A. M Masiev. 1965. Effect of the petrochemical growth regulator
substance on the growth and development of root systems of plants. Izv. Akad. Nauk Azerb.
SSR Ser. Biol. Nauk 6:26-31. (Biol. Abstr. 48:24867. 1967).

156. Guseinov, B. Z., A. M. Masiev, and E. M. Akhundova. 1970. Effect of petroleum growth
substance on the nucleic acid and chlorophyll levels in plant leaves. NRV (Neft. Rostovoe
Veshchestvo) Sel. Khoz. , Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub.
1971), 406-408. (Chem. Abstr. 77:84409r. 1972).

157. Guseinov, D. M. 1958. Use of a stimulator of naphtha origin for increasing yield. Dokl.
Akad. Nauk SSR 119 (1/6):105-108. (Biol. Abstr. 33:34689. 1959).

158. Guseinov, D. M. , et al. (eds. ) 1965. Petroleum Fertilizers and Growth Stimulators in
Agriculture. Izd. Akad. Nauk Azerb. SSR Baku. 585 p. (Chem. Abstr. 67:32068c. 1967).

159. Guseinov, D. M. 1970. Petroleum growth substance in agriculture. NRV ( Neft. Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch, Primen. NRV Sel. Khoz., 3rd. (Pub.
1971), 5-11. (Chem. Abstr. 77:84257q. 1972).

160. Guseinov, D. M., A. Yu. Aliev, and Sh. D. Asadov. 1960. The effect of a growth agent
of petroleum origin on the yield of vegetable cultures and on the amount of nutrients in soil.
Tr. Inst. Pochvoved i Agrokhim, Akad. Nauk Azerb. SSR 9:5-30. (Chem. Abstr. 57:17115f.
1962).

161. Guseinov, D. M. , Sh. D. Asadov, and A. Yu. Aliev. 1956. Effect of the growth substance
of petroleum origin on crops of cabbage and tomatoes. Dokl. Akad. Nauk Azerb, SSR 12:
123-128. (Chem. Abstr. 50:11585e. 1956).

162. Guseinov, D. M. , and A. Kh. Budagyan. 1970a. Level of petroleum growth substance in
soils and plants. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch.
Primen. NRV Sel. Khoz., 3rd. ( Pub. 1971), 168-171. (Chem. Abstr. 77:84380z. 1972).

163. Guseinov, D. M., and A. Kh. Budagyan. 1970b. Methods for determining petroleum growth
substance in soils and plants. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 172-174. (Chem. 77:84272r. 1972).

164. Guseinov, D. M., and N. N. Edigarova. 1970. Effect petroleum growth substance on the
intake of nutrients (nitrogen and phosphorus) into plants. NRV (Neft. Rostovoe Veshchestvo)
Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 175-
178. (Chem. Abstr. 77:84381a. 1972).



166

165. Guseinov, D. M. , N. N. Edigarova, and G. S. Kasimova. 1956. Stimulating activity of
organic substances of petroleum origin on the growth of plants and microorganisms. Fiziol.
Rasteny 3(2):149-156, (Biol. Abstr. 32:35246. 1958).

166. Guseinov, D. M. , and F. G. Isaeva. 1963a. Effect of growth stimulators of petroleum origin
on the yield of alfalfa. Izv. Akad. Nauk Azerb. SSR Ser. Biol. i Med. Nauk 2:93-99. (Biol.

Abstr. 44:12370. 1963).

167. Guseinov, D. M. , and F. G. Isaeva. 1963b. Effect of combined delivery of petroleum
substances and radioactive phosphorus on the alfalfa crop. Dokl. Vses. Soveshch. Primen. Neft.
Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 257-262. (Chem. Abstr.
67:20836p. 1967).

168. Guseinov, D. M. , and F. G. Isaeva. 1970. Effect of new types of stimulants on the growth,
development, and yield of cotton. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses.
Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 179-185. (Chem. Abstr. 77:
84382b. 1972).

169. Guseinov, G. A. 1967. Effect of a petroleum growth factor on the interoceptive exchange
reflexes from rectal receptors under pilocarpine administration conditions. Tr. Sekt. Fiziol.
Akad. Nauk Azerb. SSR 9:60-74. (Chem. Abstr. 69:94973u. 1968).

170. Guseinov, R. K. 1967. Effectiveness of petroleum growth substance in Azerbaidzan. Agro-
khimiya 6:138-148. (Chem. Abstr. 67:72635s. 1967).

171. Guseinov, Z. B. 1966. Effect of physiologically active compounds on eggplant roots. Tr.

Azerb. Nauch. -Issled. Inst. Zemled. 13:239-244. (Chem. Abstr. 72:42029h. 1970).

172. Guseinov, Z. B. 1966b. Respiration intensity in the leaves of vegetable crops under the
effect of gibberellin and petroleum growth substance (sodium naphthenate). Tr. Azerb.
Nauch. -Issled. Inst. Zemled. 13: 305-310. (Chem. Abstr. 72:42032d. 1970).

173. Guseinov, Z. B. 1967. The iodine-reducing capacity of vegetables grown with solutions
of gibberellin and petroleum growth substance. Tr. Azerb. Nauch. -Issled. Inst. Ovoshchevod
1:184-189. (Biol. Abstr. 51:22284. 1970).

174. Guseinov, Z. B. 1968. Effect of gibberellin and petroleum growth substance (sodium naphthe-
nate) on carbohydrate-nitrogen metabolism of tomato plants. Tr. Azerb. Nauch. -Issled. Inst.
Zemled. 14:257-261. (Chem. Abstr. 72:42030b. 1970).

175, Guseinov, Z. B. 1970. Effect of petroleum growth substance and gibberellin on changes in
the levels of different forms of ascorbic acid in vegetable crops. NRV (Neft. Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. Sel. Khoz., 3rd. (Pub. 1971),
409-412. (Chem. Abstr. 77:97685c. 1972).

176. Guseinova, R. A., and M. D. Abdullaev. 1963. Effect of petroleum growth-promoting
substances on the rat sarcoma M-1. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Vesh-
chestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 567-569. I Chem. Abstr. 67:9926x. 1967).

177. Guyot, H. M. 1966. Treatment of sugarcane to increase sugar content. Fr. 1,433,121 ( Cl. A
01n), 25 March 1966, U.S. Appl. 12 May 1964, 4p. (Chem. Abstr. 65:17654a. 1966).



167

178. Gvozdenko, D. V. 1970. Effect of petroleum growth substance and trace-nutrient fertilizer
on the yield of winter wheat. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses.
Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 158-160. (Chem. Abstr. 77:
84377d. 1972).

179. Gvozdenko, T. M. 1966. Effect of petroleum growth promoters (PGP) on crop yield and
quality of tomatoes in Karabakh lowland conditions. Dokl. Akad. Nauk Azerb. SSR 22(11):
55-57. (Chem. Abstr. 67:2312k. 1967).

180. Hammer, E. 1962. Plant-growth stimulant. Austrian Patent 222, 673, 10 Aug. 1962, Appl.
19 May 1960. 3p. (Chem. Abstr. 57:10281f. 1962).

181. Hayashi, I. 1958. Preserving effect of copper naphthenate for fishing nets. Bull. Tokai Reg.
Fish Res. Lab. 21:39-42. (Biol. Abstr. 36:304. 1961).

182. Hell, C. , and E. Medinger. 1874. Ber. 7:1216. Quoted in Jolly, 1967.

183. Helson, V. A., and W. H. Minshall. 1956. Effects of petroleum oils in the carbon dioxide
output in respiration of parsnip and mustard. Plant Physiol. 31(1):5-11.

184. Hiatt, V. G. 1964. Titrimetric and electro-deposition methods for determination of copper
naphthenate. J. Assoc. Offic. Agr. Chem. 47(2):253-254.

185. Hicock, H. W., and A. R. Olson. 1954. The toxicity to plants of wood preservatives and
their solvents. Conn. Agr. Expt. Sta. Circ. 189, p. 1-4. (Biol. Abstr. 29: 19468. 1955).

186. Howitt, A. J., and A. Pshea. 1965. Use of commercial and experimental naphthenic and
paraffinic petroleum oils (Acarina) in Michigan. Mich. Agr. Exp. Sta. Quart. Bull. 47(4):
654-666. (Biol. Abstr. 47:39560. 1966).

187. Huseinov, D. M. 1960. The influence of organic compounds of petroleum origin upon the
growth of roots and crop capacity of agricultural plants. Trans. 7th Int. Congr. Soil Sci.
Madison, Wis. 3:253-259.

188. Ibragimova, R. M. 1963. Effect of petroleum growth-promoting substance on the microbes
in soil under cotton. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz.,
2nd, Baku. (Pub. 1965), 378-381. (Chem. Abstr. 67:10568p. 1967).

189. Isaeva, F. G. 1963. Effect of ionizing radiation and petrochemical growth substances on
growth and yield of alfalfa. Izv. Akad. Nauk Azerb. SSR Ser. Biol. i Med. Nauk 1:67-75.
(Biol. Abstr. 43:20646. 1963).

190. Isaeva, F. G. 1973. Effect of new stimulators on growth, yield and quality of alfalfa hay.
Izv. Akad. Nauk Azerb. SSR Ser. Biol. Nauk 4:64-70. (Biol. Abstr. 58:52531. 1974).

191. Iskalov, S. I. 1968. Effect of growth stimulators on the rooting of slips and the growth of
poplar seedlings. Vestn. Sel. Nauki (Alma-Ata) 11(10):58-60. (Chem. Abstr. 70:66998h.
1969).

192. Ivankova, M. A. 1963. Testing of petroleum growth-promoting substance under Rubtsovsk-
Alei steppe conditions in the Altai Territory. Dokl. Vses. Soveshch. Primer). Neft. Rostovogo



168

Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 130-133. (Chem. Abstr. 67:10564j.
1967).

193. Ivanova, I. A. 1970. Effect of gibberellic acid, penicillin, and naphthenates on growth and
productivity of hemp. Izv. Inst. Fiziol. Rast. Bulg. Akad. Nauk 16:191-201. (Chem. Abstr.
74:30918a. 1971).

194. Jolly, S. E. 1967. Naphthenic acids. In: H. Mark et al. (eds. ) Kirk-Othmer's Encyclopedia
of Chemical Technology, Vol. 13. p. 724-734. John Wiley and Sons, New York, N.Y.

195. Jukova, P. S. 1969. Influence of physiological active substances on the growth, development,
and productivity of vegetables. In: K. L6 Popoff (ed. ) Plant stimulation: A symposium,
p. 1013-1026. Bulg. Acad. of Sciences Press, Sofia, Bulg.

196. Kalashnikova, V. N. 1970. Effect of petroleum growth substance and gibberellin on strawberry
plants. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 439-440. (Chem. Abstr. 77:84415q. 1972).

197. Kalenik, E. P. 1969. Effect of petroleum growth substance (sodium naphthenate) on the
productivity of grape stock plants. Tr. Kishinev. Sel. Inst. 57:107-113. (Chem. Abstr.
74:110633u. 1971).

198. Karaev, A. N. 1963. Mechanism of action of petroleum growth-promoting substance on
animals. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku.
(Pub. 1965), 21-29. (Chem. Abstr. 67:52316k. 1967).

199. Karpenko, A. P., and V. P. Kadoshnikova. 1967. The effect of trace elements, petroleum
growth-promoting substance, and phosphoro-bacterin on corn yields. Vestn. SeL Nauki 12(7):
43-45. (Chem. Abstr. 67:72671a. 1967).

200. Karpenko, P. V., and I. K. Eremenko. 1970. Effect of petroleum growth substance on the
yield and quality of sugar beets, NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses,
Soveshch, Izuch. Primen. NRV Sel. Khoz. , 3rd. (Pub. 1971), 218-220. (Chem. Abstr. 77:
84386f. 1972).

201. Kashkarova, G. M., and R. M. Ibragimova. 1970. Effect of doses and application processes
of petroleum growth substance on the development of soil microorganisms under cotton. NRV
Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.

Khoz., 3rd. (Pub. 1971), 468-472. (Chem. Abstr. 77:84421p. 1972).

202. Kasimov Guseinov, G. A., and N. N. Kolenikov. 1964. The effect of petroleum growth
substance (a waste product from the petroleum industry) on the course of burn disease. Sb.

Nauch. Tr. Azerb. Nauch. -Issled. Inst. Gematol. Pereliv. Krovi. 6:211-220. (Biol. Abstr.
46:103155. 1965).

203. Katzarov, A., and A. Popov. 1970. Influence of biomine and NRB on maize yield.
Rastenievod Nauki 7( 1):73-77. (Biol. Abstr. 52:40926. 1971).

204. Kazakevich, E. I., A. V. Eryshev, and V. I. Petrov. 1965. The effect of a petroleum growth
substance on isolated frog heart. Nauch. Dokl. Vyssh. Shkoly. Biol. Nauk 3:50-51. (Biol.
Abstr. 48:54323. 1967).



169

205. Kazakova, I. I. 1963. Effect of growth stimulants on the germination and growth of weed
seeds. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku.
(Pub. 1965), 391-394. (Chem. Abstr. 67:20837q. 1967).

206. Kazakova, I. P. 1970. Use of herbicides and stimulants against weeds in corn plantings. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz., 3rd. (Pub. 1971), 433-435. (Chem. Abstr. 77:84414p. 1972).

207. Kazanskaya, L. N., T. P. Kirpichnikova, 0. V. Afanas'eva, I. M. Loginova, and L. K.
Levando. 1966. Influence of some stimulants on the fermentation activity of yeast and bread
quality. Izv. Vysshikh. Uchebn. Zavedenii, Pishchevaya Tekhnol. 1:77-80. (Chem. Abstr.
65:15981e. 1966).

208. Keleberda, G. G. 1966. Effect of petroleum growth stimulators (NRV) on the growth, develop-
ment, and yield of maize hybrid VIR-42 seeds under the conditions of the Zaporozhe Region.
Rost. i Ustoichivost Rast., Akad. Nauk Ukr. SSR, Resp. Mezhvedomstv Sb. 2:108-114 (Chem.
Abstr. 65:20767a. 1966).

209. Khakham, I. B., D. D. Verderevskii, and N. I. Zastenchik. 1971. Copper naphthenate
paste as a substitute for Bordeaux mixture in the control of grape mildew. Tr. Kishinev Sel.
Inst. 67:12-20. (Chem. Abstr. 79:112262z. 1973).

210. Khakimov, Kh. 1970. Effect of different doses and the multiplicity of use of petroleum
growth substance on the development and yield of cotton on the Lenin kolkhoz in the Gissar
region. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 311-313. ( Chem. Abstr. 77:84400f. 1972).

211. Khalilov, G. R., S. D. Aliev, and M. G. Mamedov. 1967. Methods of applying petroleum
growth substance under wheat in the light chestnut soils of the Azerbaidzhan SSR Uch. Zap.
Azerb. Sel. Inst. Ser. Agron. 2:107-112. (Biol. Abstr. 50:89272. 1969).

212. Khanna, Y. P., P. S. Chaudhary, P. Singh, and S. D. Varma. 1972. Physiological effects
of naphthenic acid: A new reproductive agent. Indian J. Exp. Biol. 10(2):149-150. (Biol.
Abstr. 54:57026. 1972).

213. Khonin, P. N. 1965. Effect of trace elements on the germination of acorns, and the acclima-
tization and growth of annual crops of oak and pine. Tr. Saratov, Sel. Inst. 15(3):47-49.
(Chem. Abstr. 66:27915b. 1967).

214. Kirichenko, I. V. (Chem. Abstr. 70:65721a. 1969).

215. Kobakhidze, K., G. D. Chkhaidze, and G. I. Asatiani. 1970. Effect of petroleum growth
substance on the course of physiological-biochemical processes in winter wheat. NRV (Neft,
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd.
(Pub. 1971), 577-582. (Chem. Abstr. 77:84433u. 1972).

216. Koblents, L. V. 1970. Use of petroleum growth substance in agriculture. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 221-224. (Chem. Abstr. 77:84387g. 1972).



170

217. Kochetov, I. S. 1970. Aftereffect of teating the seed -beet plantings of various agroecotypes
with physiologically active compounds. Itogi Eksp. Rab. Molodykh Issled. Vop. Sel. Khoz.
No. 17:67-70. (Chem. Abstr. 74:123950v. 1971).

218. Kolesnik, Z. V. 1963. Effect of petroleum growth-promoting substance on the biochemistry
of the grape plant. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz.,
2nd, Baku. (Pub. 1965), 395-400. (Chem. Abstr. 67:20838r, 1967).

219. Kolesnik, Z. V., and A. Ya. Kurteeva. 1967. Effect of some inhibitors on the growth
retardation of grape shoots. Rost Ustoichivost Rast. , Akad. Nauk Ukr. SSR, Respub. Mezhve-
dom. Sb. 3:56-63. (Chem. Abstr. 68:11874t, 1968).

220. Kolev, D. 1968. Effect of NRV, KhTI, biomin, and the complex organomineral fertilizer,
MU, on the development of tobacco seedlings. Bulg. Tyutyun 13(3):3-5. (Chem. Abstr.
69:74572j. 1968).

221. Komissarov, D. A., and T. A. Artamonova. 1970. Effect of stimulants (petroleum growth
substance, trace-nutrient fertilizer) on the growth and physiological processes of common lilac
seedlings. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 45-50. (Chem. Abstr. 77:84362v. 1972).

222. Komissarov, D. A., Yu. A. Frolov, and E. A. Egorova. 1968. Effects of chemicals on resin
yields during tapping. Gidroliz. Lesokhim. Prom. 21(5):21. (Chem. Abstr. 69:88119d. 1968).

223. Komissarov, D. A., and L. P. Shteinvol'f. 1962. Effect of a petroleum growth stimulant on
woody plants. Lesnoe Khoz. 7:34-36. (Biol. Abstr. 42:23828. 1963).

224. Komleva, M. 1970. Effect of petroleum growth substance on malt formation. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 447-449. (Chem. Abstr. 77:84416r. 1972).

225. Kondrat'eva, G. N. 1963. Use of petroleum growth-promoting substances for increasing
agricultural crops in irrigated fields. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Vesh-
chestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 145-148. (Chem. Abstr. 67:10565k. 1967).

226. Kongjika, S., and Dh. Shuqja. 1970. Effect of naphthenic acids salts, solar and gazoil on
the growth and yield of sunflowers. Bul. Univ. Shteteror Tiranes Ser. Shkencat. Natyr. 24(2):
111-119. (Chem. Abstr. 74:30914w. 1971).

227. Korobatov, V. 1970. Herbicidal properties of petroleum growth substances. NRV (Neft.
Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd.
(Pub. 1971), 450-455. (Chem. Abstr. 77:84417s. 1972).

228. Kosobokov, V. I. 1963. Effect of petroleum growth-promoting substance on the growth and
development of feed cultures. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veschchestva
Sel. Khoz., 2nd, Baku. (Pub. 1965), 401-404. (Chem. Abstr. 67:20839s. 1967).

229. Kotyashkina, V. F. 1968. The effect of plant growth regulators on seeds and sprouts. Tr.

Kostrom Sel. Inst. Karavaevo 9:196-206. Biol. Abstr. 51:45717. 1970).



171

230. Kovalev, N. M. 1970. Experimental use of petroleum growth substance during cultivation
of industrial sugar beets. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz. , Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 225-227. (Chem. Abstr. 77:84388h.
1972).

231. Kozlov, N. S. , L. Yu. Pinegina, and L. M. Starkova. 1970. Effects of naphthenic acids
of Perm deposit petroleum on crop yield. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr.
Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz. , 3rd. (Pub. 1971), 444-446. (Chem.
Abstr. 77:97687e. 1972).

232. Kozlov, N. S. , L. Yu. Pinegina, L. M. Starkova, and N. F. Nokhrin. 1965. Biological
activity of naphthenic acids in crude oil from the Perm deposit. Tr. Perm. Sel. Khoz. Inst.
29:87-92. (Chem. Abstr. 67:63183r. 1967).

233. Kozyrkina, V. V. , and E. N. Kotlyarova. 1969. Reproduction of gooseberries by green
cuttings using growth stimulants. Zap. Leninggrad Sel. Inst. 130:49-53. (Chem. Abstr.
72:120314p. 1970).

234. Krasnova, E. M. , and V. F. Kotyashkina. 1970. Physiological bases of the action of
petroleum growth substance on plants. NRV (Nefte Rostovoe Veshchestvo) Sel. Khoz., Tr.
Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz. , 3rd. (Pub. 1971), 464-467. ( Chem.
Abstr. 77:84420n. 1972).

235. Krasnova, E. M., V. F. Kotyashkina, and G. S. Il'ichev. 1963. Biological characteristics
of petroleum growth-promoting substances as plant activators. Dokl., Vses. Soveshch. Primen.
Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 405-410. (Chem. Abstr.
20840k. 1967).

236. Krauchanka, L. U. 1966. The effect of petroleum growth stimulants on pollen development
in the tree plants. Vestsi Akad. Nauk Belarusk. SSR, Ser. Biyal. Nauk 1:28-34. (Chem.
Abstr. 65:4562g. 1966).

237. Kravchenko, L. V. 1970. Use of petroleum growth substance under trees. NRV ( Neft. Ros-
tovoe Veshchesto) Sel. Khoz. , Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz. , 3rd.
(Pub. 1971), 459-463. (Chem. Abstr. 77:84419u. 1972).

238. Krawchanka, L. U. 1966. Effect of the petrochemical growth substance on pollen germina-
tion in introduced trees. Vestsi Akad. Nauk Belarusk. SSR, Ser. Biyal. Nauk 1:28-34.
(Biol. Abstr. 48:40382. 1967).

239. Krivoruchko, F. D. 1972. Photometric methods of determining potassium naphthenate (salt
or naphthenic acid) in air. Gig. Sanit. 37(1479-80. (Biol. Abstr. 56:51664. 1973).

240. Ksendz, A. T. 1970. Use of petroleum growth substance on essential oil crops in the Crimea.
NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV sel.
Khoz., 3rd. (Pub. 1971), 456-458. (Chem. Abstr. 77:84418t. 1972).

241. Kulieva, N. A. 1964. Effect of petroleum growth promoters on the olive fruit drop. Dokl.
Akad. Nauk Azerb. SSR 20(6):73-75. (Chem. Abstr. 66:27894u. 1967).



172

242. Ladygina, E. A. 1963. Effect of petroleum growth-promoting substance on growth, develop-
ment and yield of potatoes. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva
Sel. Khoz., 2nd, Baku. (Pub. 1965), 168-170. (Chem. Abstr. 67:20833k. 1967).

243. La lova, Mona. 1967. Chemical weed control in onion sets. Gradinarska Lozarska Nauk 4(4):
81-85. (Chem. Abstr. 69:21102d. 1968).

244. Lavrovskii, V. V., and S. P. Kutsopalo. 1966. First experimental application of a petroleum
derived growth substance for stimulating rainbow trout growth. Tr. Vses. Nauch. -Issled. Inst.
Prudovogo, Ryb. Khoz. 14:103-107. (Biol. Abstr. 50:11863. 1969).

245. Lazunova, M. F., E. I. Noskova, and 0. P. Ganicheva. 1963. Effect of physiologically
active substances on yield of peas and corn and their quality Uch. Zap. Gor'kovsk. Gos.
Univ. 63:78-82. (Chem. Abstr. 62:16891b. 1965).

246. Libbert, E., G. Bailin, K. Conrad, E. Krelle, H. Leike, R. Richter, U. Schiever, B. Steyer,
I. Urban, and S. Wichner. Plant physiological test with NRW. Wiss, Z. Univ. Rostock,
Math. -Naturwiss. Reihe 14(5/6):459-467. (Chem. Abstr. 65:1316e. 1966).

247. Lilov, D. 1970. Effect of NGS ( naphthenic growth substance) on the content of some plastic
pigments in vine leaves. Dokl. Bulg. Akad. Nauk 23(1):105 -108. (Chem. Abstr. 72:110054q.
1970).

248. Loh, J. W. C. 1972. The auxin-like properties of potassium naphthenates and their effect on
indole-3-acetic acid biosynthesis and degradation. M. Sc. Thesis. Univ. of British Columbia,
Vancouver, Canada.

249. Loh, J. W. C. 1974a. The auxinic properties of naphthenates. Z. Pflanzenphysiol. 72:114-
118.

250. Loh, J. W. C. 1974b. The stimulation of indoleacetic acid synthesis in bush bean plants
(Phaseolus vulgaris L. ) by naphthenates. Plant Cell Physiol. 15:395-398.

251. Loshmanova, R. S., Z. D. Blinova, L. Ya. Popova, and R. Zh. Tuzmukhambetova. 1970.
Effect of various fractions of the petroleum growth substance (sodium naphthenate) on the
growth, development, and morphological composition of blood in rabbits. Tr. Saratov. Sel.
Inst. 25:26-28. (Chem. Abstr. 76:620w. 1972).

252. Loshmanova, R. S., Z. D. Blinova, and R. Zh. Tuzmukhambetova. 1970. Effect of the
petroleum growth substance (sodium naphthenate) on the growth and development of rabbits.
Tr. Saratov. Sel. Inst. 25:23-25. (Chem. Abstr. 76:619c. 1972).

253. Luk'yanenko, I. A. 1968. Effect of physiologically active substances on the disturbance of
the dormant state of freshly harvested tubers during the two-crop cultivation of potatoes.
Guminovye Udobr. 3:88-97. (Chem. Abstr. 70:67042d. 1969).

254. Luk'yanenko, I. A. 1970. Elimination of the dormancy period hi freshly harvest potatoes
using physiologically active organic substances. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz.,
Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 473-478. (Chem.
Abstr. 77:97688f. 1972).



173

255. Lykhina, E. T. 1955. The question of the possible resorptive activity of mineral oils.
Farmakol. i Toksikol. 18(2):51-55. (Biol. Abstr. 32:8862. 1958).

256. Madsen, P. 0. 1970. Blood loss during and after transurethral resection of the prostate.
Urologe 9(3):122-126. (Biol. Abstr. 53:10198. 1972).

257. Mai lov, A. I. 1968. Use of ammonium nitrate with petroleum growth substance (Na Nap)
against weeds in hay crops and pastures. In/. Akad. Nauk Azerb. SSR, Ser. Biol. Nauk 5:37-
42. (Chem. Abstr. 71:37672n. 1969).

258. Mai lov, A. I. 1970. Effect of petroleum growth substance on the productivity, biochemical
and botanical composition of natural and cultivated plant communities. NRV (Neft. Rostovoe
Veshchestvo) Sel. Khoz. , Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub.
1971), 479-483. (Chem. Abstr. 77:97689g. 1972).

259. Makhmudov, F. Sh. 1970. Effect of petroleum growth substance on nucleic acid and protein
metabolism in tomato leaves. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses.
Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 506-509. (Chem. Abstr. 77:
84426u. 1972).

260. Mamedov, A. M. 1970. Effectiveness of different processes for using petroleum growth
substance in tea culture. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 246-248. (Chem. Abstr. 77:84389j.
1972).

261. Mamedov, G. 0. 1970. Effect of petroleum growth substance on physiological and biochem-
ical processes in corn. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 484-486. (Chem. Abstr. 77:84422q.
1972).

262. Mamedov, R S. 1963. The effect of spraying a solution of petrochemical growth substance
on the yield of agricultural crops. Akad. Nauk Azerb. SSR, Baku p. 211-214. (Biol. Abstr.
45:70511. 1964).

263. Marchenko, P. I. 1970. Spray nutrition of caterpillars with petroleum growth substance
solutions and productivity of the mulberry silkworm. NRV (Neft. Rostovoe Veshchestvo) Sel.
Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 500-505.
(Chem. Abstr. 77:84498u. 1972).

264. Marcus, Rita R., and J. Goldthwaite. 1973. Cyclopentanecarboxylic acid, a B-ring analog
with activity antagonistic to gibberellin. Can. J. Bot. 51:1845-1850,

265. Markovnikoff, W. , and W. Oglobin. 1883. J. Russ. Phys. Chem. Soc. 13:34, Quoted in
Jolly. 1967.

266. Marshaniya, I. I., M. G. Sharashenidze, and A. I. Dumbadze. 1963. Effect of petroleum
growth promoting substance on the tangerine crop and quality. Dokl. Vses. Soveshch. Primen.
Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 168-170. (Chem. Abstr.
67:20834m. 1967).



1 74

267. Martirosova, T. A., and V. D. Tagiev. 1970. Effect of petroleum growth substance and
rhizobium stimulant on the growth and development of pure cultures of rhizobia, and the yield
of alfalfa and peas. NRV Neft. Rostovoe Veshchestvo) Sel. Khoz. , Tr. Vses, Soveshch.
Izuch. Primen. NRV Sel. Khca., 3rd. (Pub. 1971), 487-490. (Chem. Abstr. 77:84423r.
1972).

268. Masiev, A. M. 1966. Effect of petroleum growth regulator on the water system of trees.
Izv. Akad. Nauk Azerb. SSR Ser. Biol. Nauk 4:13-19. (Biol. Abstr. 48:103621. 1967).

269. Masiev, A. M. 1970. Physiological basis for the use of petroleum growth substance under
olives. NRV (Neft, Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 496-499. (Chem. Abstr. 77:84425t. 1972).

270. Matis, G., and T. P. Shemyakin. 1970. Use of petroleum growth substance during the
growth of planting stock. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 491-495. (Chem. Abstr. 77:84424s.
1972).

271. Mekhtiev, M. A., and A. A. Aliev. 1965. Effect of different doses of the petrochemical
growth substance on the microflora in the rumen of buffalo. Akad. Nauk Azerb. SSR, Baku.
p. 42-46. (Biol. Abstr. 48:91487. 1967).

272. Menagarishvili, A. D. 1963. Efficiency of petroleum growth promoting substances in agri-
cultural crops under conditions of the Georgian SSR. Dokl. Vses. Soveshch. Primen. Neft.
Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 12-20. (Chem. Abstr. 67:
21127v. 1967).

273. Menagarishvili, A. D., Sh. A. Keshelashvili, and V. G. Arabuli. 1970. Effect of petroleum
growth substance on the growth, development, and yield of crops in the Georgian SSR. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz. , 3rd. (Pub. 1971), 51-56. (Chem. Abstr. 77:84363w. 1972).

274. Mitev, B. 1970. Effect of some stimulants on the spring development and productivity of bee
colonies. Zhivotnovud. Nauki 7(5):93-100. (Chem. Abstr. 74:108773w. 1971).

275. Mov,sumov, Z. R. 1963. Effect of petroleum-derived growth factor on the uptake of
32P

by
the cotton plant and the yield of raw cotton. Neft. Udobr. i Stimulyatory, Akad. Nauk Azerb.
SSR, OW. Sel. Nauk. p. 145-150. (Chem. Abstr. 61:8827e. 1964).

276. Musaev, E. Yu. 1963. Effect of petroleum growth-promoting substances on the chicken inter-
nal organs. Dokl. Vses. Soveshch. Primen. Neft. Rosto vogo Veshchestva Sel. Khoz., 2nd,
Baku. (Pub. 1965), 530-532. (Chem. Abstr. 67:18924x. 1967).

277. Mustafaeva, E. A. 1968. Effect of the petroleum growth substance on some pathogenic
bacteria. Tr. Azerb. Nauch. -Issled. Inst. Virusol. Mikrobiol. Gig. 27:220-233. (Biol.
Abstr. 50:111237. 1969).

278. Nabiev, A. I. 1966. The use of petroleum growth substance in fish culture. In Texisy Dokl.
Vses. Soveshch. poekologii i Fiziol. Ryb. p. 31-32. (Biol. Abstr. 48:94388. 1967).



175

279. Nabiev, M. N., V. M. Rubo, E. D. Glagolev, and T. M. Makhumdov. 1971. Effectiveness
of combining fertilizers with physiologically active agents. NRV (Neft. Rostovoe Veshchestvo)
Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 510-
513. (Chem. Abstr. 77:110526y. 1972).

280. Nabiev, M. N., A. A. Vishnyakova, V. K. Dubovaya, A. I. Krylova, V. M. Rubov, U. I.

Ibragimova, and I. Tuksanov. 1963. Mineral fertilizers with addition of petroleum growth-
promoting substances. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel.
Khoz., 2nd, Baku. (Pub. 1965), 171-175. (Chem. Abstr. 67:10701b, 1967).

281. Nadareishvili, Sh. E. 1970. Effect of petroleum growth substance on the yield of field crops.
NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV. Sel.
Khoz., 3rd. (Pub. 1971), 263-265. (Chem. Abstr. 77:84390c. 1972).

282. Naghibin, Ia. D. 1969. Influence of naphthenic growth substances (NGS) upon the develop-
ment and productivity of the cotton-plant in the conditions of Tadjikistan. In K. L Popoff
(ed. ) Plant Stimulation: A Symposium. p. 893-904. Bulg. Acad. of Sciences Press, Sofia,
Bulg.

283. Nagibin, Ya. D. 1970. Results of studying the of fect of petroleum growth substance on the
development and yield of cotton and its introduction into Tadzhik SSR kolkhozes. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 57-62. (Chem. Abstr. 77:84364x. 1972).

284. Narimanbeili, N., and A. Alekperov. 1962. Effect of petroleum growth substance on the
yield of corn. Sotsial. Sel. Azerbaidzhana 4:24-25. (Biol. Abstr. 44:8008. 1963).

285. Nazarov, N. 1970. Results of using petroleum growth substance in the Lenkoran region.
NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 266-268. Chem. Abstr. 77:84391d. 1972).

286. Neuberg, C., and M. Sandberg. 1921. The stimulants of alcoholic sugar splitting. IX.

Chemically defined catalyzers of fermentation. Biochem. Z. 126:153-178. (Chem. Abstr.
16:1594. 1922).

287. Niyazov, A., G. Mikheev, and 0. Annamukhamedov. 1966. Stimulating effect of salts
of naphthenic acids. Izv. Akad. Nauk Turkm. SSR Ser. Biol. Nauk 2:75-77. (Biol. Abstr.
47:117909. 1966).

288. Niyazov, A. N. G. D. Mikheev, and G. M. Osipov. 1972. Sodium naphthenate stimulating
effect on poultry efficiency. Izv. Akad. Nauk Turkm. SSR Ser. Biol. Nauk 2:88-89. (Biol.

Abstr. 54:63302. 1972).

289. Novak, H. F. 1965. The histogensis of experimental tissue neoplasia in skeletal muscles.
Akad. Med. Rocz. Suppl. 11:5-79. (Biol. Abstr. 49:100542. 1968).

290. Nowak, H. F. 1966. Neoplasta in mouse skeletal muscles under the influence of polyester
resin. Arch. Immunol. Ther. Exp. 14(6):774-778. (Biol. Abstr. 48:65159. 1967).

291. Nussbaum, J. J. 1969. Chemical pinching for roots of container plants. Calif. Agric. 23(10):
16-17.



176

292_ Omarov, I. S. 1963. Mechanism of permeability changes under action of petroleum growth-
promoting substances. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel.
Khoz., 2nd, Baku. (Pub. 1965), 572-575. (Chem. Abstr. 67:52363y. 1967).

293. Osipova, L. V. 1970. Conditions of petroleum growth substance use in Khirghiz SSR pastures.
NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz. , 31d. (Pub. 1971), 516-522. (Chem. Abstr. 77:84427v. 1972).

294. Ovcharyuk, I. N., V. I. Zakharenko, and M. P. Surikow. 1967. Stimulation of the metabo-
lism of nucleic acids and free nucleotides in the animal organism affected by the petroleum
growth substance. Biol. Nauk 10(8): 56-59. (Biol. Abstr. 49:98699. 1968).

295. Padmanabhan, Usha. 1970. Transport and metabolism of cyclohexanecarboxylic acid in
plants. Northwest Sci. 44:67. (Abstr. ).

296. Padmanabhan, Usha. 1972. Distribution, metabolism, and localisation of cyclohexane-
carboxylic acid, a naphthenate acid in Phaseolus vulgaris L. Ph. D. Thesis. Univ. of
British Columbia, Vancouver, Canada.

297. Padmanabhan, Usha, D. R. Peirson, J. G. Severson, Jr. , and D. J. Wort. 1972. Mechanism
of plant growth stimulation by naphthenic acid: Effect on nitrogen metabolism. Northwest
Scientific Assoc., Ann. Meeting, Bellingham, Washington, March 23-25. (Abstr. ).

298. Pakhomova, G. I. 1963. Effect of treatment with petroleum growth-promoting substance
on biochemical processes in tomato leaves. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo
Veshchestva Sel. Khoz, 2nd, Baku. (Pub. 1965), 411-415. (Chem. Abstr. 67:20841m.
1967).

299. Pakhomova, G. I. 1968. Effect of growth stimulants on the water regime and physiological
properties of proteins and cytoplasm of tomato plant leaves. Issled. Fiziol. -Khim. Tsito-
plazmy. p. 69-96. (Chem. Abstr. 71:90152u. 1969).

300. Pal'chevskii, V. I. 1970. Effect of petroleum growth substance on the yield and quality of
crops. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz. , Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 269-271. (Chem. Abstr. 77:84392e. 1972).

301. Paprocki, M., and B. Musiatowicz. 1966. The activity of some phosphates in the granulo-
cytes of rabbit peripheral blood under the influence of cobalt naphthenate. Rocz. Akad.
Med. Juliana Marchlewskie Bialymostoku 12:127-133. (Biol. Abstr. 50:64792. 1969).

302. Peirson, D. R. 1972. The uptake of sulphur, calcium, and magnesium and their distribu-
tion in Phaseolus vulgaris L. as affected by cyclohexanecarboxylic acid. Ph.D. Thesis.
Univ. of British Columbia, Vancouver, Canada.

303. Peirson, D. R. 1973. The effect of cyclohexanecarboxylic acid on the distribution of sulfur-35
in various leaf fractions of Phaseolus vulgaris L Plant Physiol. 51 suppl Program and abstracts
of papers for the joint meeting of the American and Canadian Societies of Plant Physiologists at
Univ. of Calgary, Alberta, Canada. June 17-21. p. 46.

304. Peterburgskii, A. V. 1962. Some experiments with humus, humates, and an organic growth-
promoting substance. Guminovye Udobr. Teoriya i Prakt. Ikh. Primeneniya, Dnepropetr. Sel.
Inst. Pt. 11:93-99. (Chem. Abstr. 61:3644b. 1964).



177

305. Peterburgskii, A. V. 1963. The effects of compost, humates, and the petroleum-derived
stimulatory agent on the corn plant. Neft. Udobr. i Stimulyatory, Akad. Nauk Azerb, SSR,
Otd. Sel. Nauk. p. 52-59. (Chem. Abstr. 61:8851c. 1964).

306. Peterburgskii, A. V. , and N. G. Boldyreva. 1970. Effect of petroleum growth substance on
winter wheat grown on leached chernozem of the Ternopol region. NRV (Neft. Rostovoe
Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub.
1971), 272-273. (Chem. Abstr. 77:84393f. 1972).

307. Peterburgskii, A. V. , and K. L Karmete. 1963. The influence of petroleum growth matter
on chemical composition of corn. Dokl. Mosk. Sel. Akad. 94:55-62. (Chem. Abstr. 64:
4183e. 1966).

308, Peterburgskii, A. V., and K. I. Kararnete. 1964a. The effect of mineral fertilizers and
trace elements on corn growth after stimulation by growth-inducing substances. Izv.

Timiryazevsk. SeL Akad. 3:98-116. (Chem. Abstr. 61:12560b. 1964).

309. Peterburgskii, A. V., and K. I. Karamete. 1964b. Effects of mineral fertilizers and trace
elements on crop yields and corn quality in connection with the application of a petroleum
growth substance. Dokl. Rossiisk. Sel. Akad. 99:239-247. (Chem. Abstr. 64:13342e. 1966).

310. Peterburgskii, A. V., and K. L Karamete. 1965. Influence of crude oil-derived nutrients or
the nutrient uptake, the chemical composition, and yield of corn. Agrochimica 9(4):313-322.
(Chem. Abstr. 64:1304g. 1966).

311. Peterburgskii, A. V., and K. I. Karamete. 1969. Influences of naphthenic growth sub-
stance on growth, yield, and quality of maize. In K. L Popoff (ed. ) Plant Stimulation: A
Symposium. p. 965-979. Bulg. Acad. of Sciences Press, Sofia, Bulg.

312. Peterburgskii, A. V., K. I. Kara mete, and Yu. P. Utenyshev. 1963. Effect of a petroleum
growth-promoting substance on corn and lupine. Dokl. Vses. Soveshch. Primen. Neft.
Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 40-48. (Chem. Abstr. 67:
20829p. 1967).

313. Petkov, M. , and M. Popov. 1970. Testing the effectiveness of some stimulants during the
raising of Bombyx mori (silkworm) caterpillars. Zhivotnovud. Nauki 7(2):91-99. (Chem.
Abstr. 73:63702h. 1970).

314. Pinchuk, A. M. 1963. Effect of petroleum-derived growth substances on pine growth. Lesm.
Khoz. 16(6):75-76. (Biol. Abstr. 45:48499. 1964).

315. Pokalov, 0. N. 1970. Petroleum growth substance used in the tree care system in city
plantings. NRV (Neft. Rostovoe Veshchestva) Sel. Khoz., Tr. Vses. Soveshch. Izuch.

Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 523-527. (Chem. Abstr. 77:84428w. 1972).

316. Polikarpova, F. Ya. 1963. Petroleum growth-promoting substance as a growth stimulator
during root formation in green cuttings of fruit cultures. Dokl. Vses. Soveshch. Primen.
Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 416-418. (Chem.
Abstr. 67:20842n. 1967).

317. Popoff, K. L. 1969. Plant Stimulation: A Symposium. Bulg. Acad. of Sciences Press,
Sofia, Bulg.



178

318. Popov, M. D. 1970. Testing the stimulating action of petroleum growth substance on plants
in Bulgaria. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch, Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 63-70. (Chem. Abstr. 77:84365y. 1972).

319. Popov, M. D. , D. Dimitrov, and A. Stefanova. 1966. Testing the stimulating effect of
naphthenates obtained by oxidation of Bulgarian naphtha. Iw. Inst. Fiziol. Rast. "Metodii
Popov," Bulgar. Akad. Nauk 15:109-115. (Chem. Abstr. 66:10095r. 1967).

320. Popov, M. D. , D. Li lov, and I. Ivanova. 1971. Stimulating effect of the preparations SRV
(substance from oil shale), KhTI (Baku naphtha substance), and NRV (Bulgarian mineral oil
substance) upon plants. Eesti NSV Tead. Akad. Toim., Keem. Geol. 20(1):36-42. (Chem.
Abstr. 74:123892c. 1971).

321. Porutskii, G. V., and A. G. Yavorskii. 1963. Physiological evaluation of petroleum growth-
promoting substances with various composition of naphthenic acids. Dokl. Vses. Soveshch.
Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 419-422. (Chem.
Abstr. 67:20843p. 1967).

322. Raese, J. T. 1971a. Prolonging dormancy of tung trees with spray oil and succinic acid -2, 2-
dimethylhydrazide. Hort. Sci. 6(4):408-410.

323. Raese, J. T. 1971b. A further report on blossom delay of tung trees with succinic acid -2, 2-
dimethylhydrazide in spray oil. Hort. Sci. 6(6):543-544.

324. Raese, J. T., and E. M. Forrester. 1971. Effects of succinic acid -2, 2- dimethylhydrazide
and spray oils on blossom delay and floral development of tung buds. Hort. Sci. 6(1):17-18.

325. Ragimzade, Kh. I., and L. R. Medieva. 1966. Effect of a petroleum growth stimulator on
the secretory function of the stomach and digestive properties of the gastric juice. Uch. Zap.
Azerb. Sel. Inst. Zootekh. Vet. Ser. 1:87-90. (Chem. Abstr. 67:81006q. 1967).

326. Raskauskas, V. 1968. Effect of growth hormones on the formation of roots in cuttings of
spirea. Nauch. Tr. Vyssh. Ucheb. Zaved. Litov. SSR Biol. 8:71-74. (Biol. Abstr. 52:2264.
1971).

327. Ratskevich, S. K. 1967. The development of the assimilating surfaces of tomato seedlings
under the action of trace elements and petroleum growth substance. Zap. Tsent. -Kavkaz Otd.
Vses. Bot. Obshchest. 2:57-60. (Biol. Abstr. 50:66810. 1969).

328. Razumov, N. V., T. A. Zimina, B. G. Butovskii, and T. N. Kryukova. 1963. Sakhalin
petroleum growth substance and preliminary data on its effectiveness on agricultural crops.
Tr. Sakhalinsk Kompleksnogo Nauchn. -Issled. Inst. 13:79-86. (Biol. Abstr. 45:84015, 1964).

329. Riehl, L. A., and R. T. Wedding. 1959. Effects of naphthenic and parafinic petroleum
fractions of comparable molecular weight on transpiration of Eureka lemon and Bearss lime
plants. J. Econ. Ent. 52(2):334-335.

330. Rzaev, Ch. A. 1963. Use of petroleum growth substances in treatment of obstetric-
gynecological animal diseases. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo

Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 576-578. (Chem. Abstr. 67:20344b.
1967).



179

331. Rzaev, G. A. 1963. Petroleum growth substance. Priroda 52(9):97-98.

332. Rzaev, I. T., and A. S. Gasanov. 1970. Effectiveness of using petroleum growth substance
on cotton. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 274-279. (Chem. Abstr. 77:84394g. 1972).

333. Sabina, L R., and H. Pivnick. 1956. Oxidation of soluble oil emulsions and emulsifiers
by Pseudomonas oleovorans and Pseudomonads formicans. Appl. Microbiol. 4(4):171-175.

334. Sabirova, G. V., N. K. Man'kovskaya, and G. V. Porutskii. 1965. Plant-growth stimulation.
U. S. S. R. Patent 184,064 ( Cl. A Oln, C 05c) 9 July, 1966, Appl. 1 Feb. 1965. ( Chem.

Abstr. 66:36751x. 1967).

335. Sabirova, G. V., B. V. Porutskii, and A. V. Gnatyuk. 1970. Effect of the composition
of Lvov petroleum growth substance on its stimulating properties. NRV (Neft. Rostovoe
Veshchesto) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub.

1971), 538-543. (Chem. Abstr. 77:84429x. 1972).

336. Sabirova, G. V., G. V. Poruts'kii, N. K. Man'kivs'ka, and V. M. Terent'eva. 1964.

Selection of an efficient technology of the preparation of growth stimulants from petroleum
wastes. Khim. Prom., Inform. Nauk. -Tekhn. Zb. 2:58-60. (Chem. Abstr. 62:4538c.
1965).

337. Sabirova, G. V., V. T. Sklyar, V. N. Terent'eva, and L V. KovaPchuk. 1963. Produc-
tion of petroleum growth-promoting substance from alkaline wastes of the Lvov refinery.
Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz. , 2nd, Baku. (Pub.
1965), 423-429. (Chem. Abstr. 67:20844q. 1967).

338. Samylin, A. F. 1966. Effect of copper naphthenate on early developmental stages of Atlantic
salmon. Uch. Zap. Karel. Pedagog Inst. 19:92-95. (Biol. Abstr. 5:11901. 1969).

339. Sardarova, G. A. , and Z. A. Alieva. 1970. Effect of petroleum growth substance on the
growth and fruit bearing of different varieties of fruit crops. NRV (Neft. Rostovoe Veshchestvo)
SeL. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 284-
286. (Chem. Abstr. 77:84395h. 1972).

340. Sardarova, G. G., Z. A. Alieva, and A. G. Gilani, 1958. Effect of stimulation substance
of petroleum origin on the growth and development of apple seedlings. Dokl. Akad. Nauk
Azerb, SSR 14:527-530. (Chem. Abstr. 53:637f. 1959).

341. Scheier, A., and D. T. Burton. 1973. Description of bioassay flow-through techniques and
the use of bioassay to measure the effects of low oxygen at the whole-animal and the molecular
level. Bioassay Tech. Environ. Chem. p. 335-344. (Chem. Abstr. 79:112939a. 1973).

342. Scholles, W. 1957. Fungicidal and insecticidal properties of naphthenic acids and metal
naphthenates as active agents in wood preservatives. Holz. Als Roh-u. Werkstoff. 15:128-

137. (Biol. Astr. 37:20303. 1962).

343. Seaforth, C. E., J. G. Severson, Jr., and D. J. Wort. 1971. Metabolic studies with cyclo-
hexanecarboxylic and naphthenic acids in the bean plants, Phaseolus vulgaris. L (In
manuscript).



180

344. Seifert, W. K. , and W. G. Howells. 1969. Interfacial ly active sites in a California crude
oil. Isolation of carboxylic acids and phenols. Anal. Chem. 41(4):554-562.

345. Seifert, W. K. , and R. M. Teeter. 1969a. Preparative thin layer chromatography and
high resolution mass spectrometry of crude oil carboxylic acids. Anal. Chem. 41( 6):786-795.

346. Seifert, W. K. , and R. M. Teeter. 1969b. Carboxylic acids in a California petroleum.
Chem. Ind. (London) 41:1464-1466. (Chem. Abstr. 75:34292k. 1971).

347. Semenyuk, L. A., E. N. Savchenko, and V. M. Malakhovskaya. 1965. The effect of
petroleum growth substances produced from wastes of the Odessa oil refinery on the growth
and increases in weight of laboratory and agricultural animals. Ivanovo 2:257-258. (Biol.
Abstr. 48:34196. 1967).

348. Semenyuk, L A., and E. N. Sawchenko. 1969. Absorbing activity of the gastrointestinal
tract and the growth of dogs under the influence of petroleum growth substances (sodium
naphthenates) obtained from refinery by-products. Vop. Fiziol. Pishch. p. 69-71. (Chem.
Abstr. 72:119152c. 1970).

349. Semylin, A. F. 1966. A comparative characterization of the effect of pentachlor phenol and
copper naphthenate on early developmental stages of Atlantic and chum salmon. In: 6-ya
Sessiya Uchennogo soveta po probleme "Biologicheskie resursy Belogo morya i vnutrennykh
vodoemov Karelii. " (Biol. Abstr. 49:114670. 1968).

350. Severson, J. G. Jr. 1971. Studies with naphthenic acids in the bush bean, Phaseolus vulgaris L.
Ph. D. Thesis. Univ. of British Columbia, Vancouver, Canada.

351. Severson, J. G. Jr. 1972. Stimulation of
14

C-glucose uptake and metabolism in bean root
tips by naphthenates. Phytochem. 11( 1):71-76.

352. Severson, J. G. Jr., B. A. Bohm, and C. E. Seaforth. 1970. The metabolism of cyclo-
hexanecarboxylic acid in Phaseolus vulgaris. Phytochem. 9:107-110.

353. Severson, J. G. Jr., and D. J. Wort. 1973. Phosphate uptake and distribution in bush bean
plants as affected by foliar application of naphthenate. Agron. J. 65:520-521.

354. Shakhi-Zade, M. G. 1963. Industrial production of a naphthenic growth substance. Nefteper-
erabotka i Neftekhim., Nauchn. -Tekhn. Sb. 11:24-27. (Chem. Abstr. 61:5431e. 1964).

355. Shalimov, A. G. 196S. Experiments in the agrolaboratory of the State Farm. Khopkovodstvo
15(7):54. (Chem. Abstr. 64:4183h. 1966).

356. Sheidaeva, S. K. 1973. Effect of physiologically active substances on amino acid composi-
tion of eggplant leaves. Izv. Akad. Nauk Azerb. SSR, Ser. Biol. Nauk 1:45-47. (Chem.
Abstr. 79:88217r. 1973).

357. Shipp, V. L. 1952. Naphthenic acids, In R. E. Kirk and D. F. Othmer (eds. ) Encyclopedia
of Chemical Technology. p. 241-247, John Wiley and Sons, New York, New York.

358. Shirshava, A. L 1970. The effect of top dressing on the growth of Pinus sylvestris seedlings
in the nurseries of the Central Urals. Tr. Ural Lesotekh. Inst. 21:334-338. (Biol. Abstr. 55:
54682. 1973).



181

359. Shklyar, M. S., and M. L. Mansurova. 1970. Complex use of antagonistic bacteria and a
petroleum growth substance preparation to combat cotton wilt. NRV (Neft. Rostovoe Vesh-
chestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971),
587-592. (Chem. Abstr. 77:84435w. 1972).

360. Shtapkin, V. I. 1970. Debarking of grapevine cuttings and development of seedlings under
the action of petroleum growth substance. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr.
Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 583-586. (Chem.
Abstr. 77:84434v. 1972).

361. Smirnova, A. D., and V. P. Kochetov. 1970. Effect of petroleum growth substance alone
or combined with boron on cucumber plants on the eastern side of the Volga River in the
Saratov region. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch.
Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 548-552. (Chem. Abstr. 77:97690a. 1972).

362. Smirnova, A. D., and S. S. Pavlova. 1970. Results of using petroleum growth substance
under corn. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch.
Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 553-558. (Chem. Abstr. 77:97691b. 1972).

363. Simonova, A. G. 1965. The effect of petroleum growth substance on a culture of kidney
epithelium. Izv. Akad. Nauk Kaz. SSR Ser. Biol. Nauk 6:75-82. (Biol, Abstr. 48:70645.
1967).

364. Simonov, N. I. 1970. Effect of petroleum growth substance and gibberellin on the germinating
power of seeds and on the growth of sea buckthorn seedlings. NRV (Neft. Rostovoe Veshchestvo)
Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 544-545.
(Chem. Abstr. 77:84430r. 1972).

365. Sizov, V. N. 1970. Nomogram for calculating petroleum growth substance solutions. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz., 3rd. (Pub. 1971), 287-288. (Chem. Abstr. 77:84396j. 1972).

366. Sizov, V. N., and E. P. Kirsanova. 1970. Petroleum growth substance and yield of vegetable
crops. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 289-292. (Chem. Abstr. 77:84397k. 1972).

367. Stecher, P. G. (ed. ). 1960. Cyclohexane. The Merck Index of Chemicals and Drugs.
Merck and Co., Inc. , New Jersey.

368. Stepanov, V. I. 1965. Effect of boron, manganese, and petroleum growth stimulants on the
germination capacity and energy of pine seeds as a function of plantings of various ages. Sb.
Nauch. -Issled. Rab. Aspir. Molodykh Uch., Vses. Nauch. -Issled. Inst. Agrolesomelior 49:131-
133. (Chem. Abstr. 67:116204g. 1967).

369. Stepanov, V. I. 1965. Effect of trace-element fertilizers on some physiological processes of
Chinese apple and Scotch pine seedlings. Sb. Nauch. -Issled. Rab. Aspir. Molodykh Uch., Vses.
Nauch. -Issled. Inst. Agrolesomelior. 49:134-137. (Chem. Abstr. 67:116202e. 1967).

370. Stesyagina, T. Ya. 1961. The effect of gibberellin and a petroleum stimulator on the growth
and development of cotton. Tr. Samarkandsk. Univ. 103:11-17. (Biol. Abstr. 43:11680.
1963).



182

371. Stinson, R. F. 1957. Algal growth and the performance of flowering plants in clay pots
treated with copper naphthenate. Proc. Amer. Soc. Hort. Sci. 68:564-568.

372. Stinson, R. F. and C. G. Keyes. 1953. Preliminary report on copper and zinc naphthenate
treatments to control algae growth on clay flower pots. Proc. Amer. Soc. Hort. Sci. 61:569-
572.

373. Subbotina, N. V. 1963. The effect of petroleum growth substances on physiological-biochem-
ical processes in apple trees. Sadov Vinogradarstvo Vinodelie Moldavii 7:18-21. (Biol. Abstr.
46:17485. 1965).

374. Subbotina, N. V. 1963b. Physiological reaction of fruit trees to petroleum growth-promoting
substance. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd,
Baku. (Pub. 1965), 437-442. (Chem. Abstr. 67:20845r. 1967).

375. Sufmitsu, R., S. Fujita, and T. Kamata. 1971. Studies on components of mammalian
urine: VIII. Determination of hexahydrohippuric and cyclohexanecarboxylic acid in cattle's
urine. Agric. Biol. Chem. 35(12):1950-1954. (Biol. Abstr. 54:29075. 1972).

376. Sukhareva, L Kh. 1970. Petroleum growth substance as a stimulant of root formation in
cuttings. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen.
NRV Sel. Khoz., 3rd. (Pub. 1971), 559-560. (Chem. Abstr. 77:97692c. 1972).

377. Suleimanov, V. G., and Sh. I. Nazarova. 1966. Effect of growth stimulants on nucleic acids
and N metabolism of plants. Dokl. Akad. Nauk Azerb. SSR 22(5):69-72. (Chem. Abstr.
67:72652v. 1967).

378. Surikov, M. P., A. A. Chirkin, and I. L. Golenda. 1967. Stimulating effect of the
petroleum growth substance in experimentally-induced hypercholesterinemia. Biol. Nauk
10(12 ):48 -51. (Biol. Abstr. 50:19506. 1969).

379. Szekely, A., and J. di Gleria. 1966. Importance of naphthenic acids in agricultural chemistry.
Agrokem. Talajtan 15(1):125-130. (Chem. Abstr. 65:4553e. 1966).

380. Tafuri, F., M. Businelli, and P. L. Giusquiani. 1973. Effects of naphthenic acids on yields
of some crops in hydroponics. Proc. of the Int. Congr. on Soilless Culture. By J. Sholto
Douglas. 1974. Int. Congr. on Soilless Culture. World Crops 26(1):49.

381. Tagiev, S. B. 1970. Effect of petroleum growth substance on the development, mutability,
and yield of grapevines in the Kirovabad-Kazakh zone. NRV (Neft. Rostovoe Veshchestvo)
Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 293-
297. (Chem. Abstr. 77:84398m. 1972).

382. Tagiev, S. B. 1966. Effect of the petroleum growth substances on the development and yield
of the grape variety Bayan Shirei. Dokl. Akad. Nauk Azerb. SSSR 22(7):49-53. (Biol. Abstr.
49:10131. 1968).

383. Tagiev, S. M. 1967. A study of the hormone-like action of petroleum growth substance.
Uch. Zap. Azerb. Sel. Inst. Ser. Vet. 1:75-77. (Biol. Abstr. 50:25363. 1969).



183

384. Tagiev, V. D. 1965. Effect of petroleum growth stimulant on the activity of the rhizobacteria
of alfalfa. Agrokhimicheskie i pochvennye issledovaniya v Azerbaidzhane Baku. p. 172-174.
(Biol. Abstr. 48:108228. 1967).

385. Tagi -Zade, A. Kh., and A. R. Akhmedov. 1970. Effect of petroleum growth substance on
the soil phosphorus and nitrogen content and on the growth and development of cotton. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 561-565. (Chem. Abstr. 77:97693d. 1972).

386. Tagi-Zade, A. Kh., and A. S. Gasanov. 1961. Effect of petroleum growth substance (PGS)
on some physiological and biochemical processes and on the yield in cotton. Uch. Zap.
Azerb. Gos. Univ. Ser. BioL Nauk 4:3-11. (Biol. Abstr. 42:23677. 1963).

387. Tagi-Zade, A. Kh., C. G. Guseinov, and A. N. Alieva. 1962. Effect of trace elements
and of crude oil growth-stimulating substances on carbohydrate metabolism in leaves and
sugar concentration in grapes. Uch. Zap. Azerb. Gos. Inst., Ser. Biol. Nauk 2:21-25.
(Chem. Abstr. 59:10724g. 1963).

388. Tagi-Zade, A. Kh., S. Ts. Omarov, S. F. Agakishibekov, and P. Safaraliev. 1964.

Effect of fertilizer made from petroleum on chemical composition and carbohydrate metabo-
lism of grapevines. Uch. Zap. Azerb. Gos. Univ., Ser. Biol. Nauk 2:41-52. (Chem. Abstr.
65:4597h. 1966).

389. Tagi-Zade, T. A., and G. D. Klepko. 1968. Petroleum growth substance as a growth
stimulator of leptospires. Lab. Delo. 8:491-493. (Biol. Abstr. 50:70858. 1969).

390. Tarabrin, V. P. and P. M. Malakhovets. 1970. Treatment of coniferous seeds with an
aqueous solution of petroleum growth substance. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz.,

Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 566-568. (Chem.
Abstr. 77:84431s. 1972).

391. Tarasenko, N. D. , G. S. Maikevich, L P. Abasheva, and A. A. Antonik. 1972. Syn-

chronization of the root stem meristem cell population in plants. Tsitologiya 14(3):389-393.
(Biol. Abstr. 56:13036. 1973).

392. Taratukhin, V. R., I. A. Rapporport, V. N. Murav'ev, and V. 0. Sudakova. 1971. The
effect of petroleum growth substance on the healing of radiation wounds of the skin. Med.

Radiol. 16(6):53-55. (Biol. Abstr. 54:62325. 1972).

393. Tavadze, G. V. 1967. Growth stimulants during the cultivation of grafted grape seedlings
with stratification. Nauch. Tr. Aspir., Odess. Sel. Inst. No. 1:112-115. (Chem. Abstr.
71:122635x. 1969).

394. Terekhina, L N. 1970. Effect of petroleum growth substance and trace-nutrient fertilizer on
the yield of potatoes. NRV (Neft, Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 303-305. (Chem. Abstr. 77:84399n.
1972).

395. Timchenko, A. G. 1968. Quality of products from the slaughter of young steers during the
feeding of petroleum growth substance (sodium naphthenate). Issled. Zhivotnovod. p. 102-
108. (Chem. Abstr. 71:79657e. 1969).



1 84

396. Timchenko, A. G. 1970. Determination of the biological activity of petroleum growth
substance. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz, Tr. Vses. Sovesch. Izuch.
Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 569-572. (Chem. Abstr. 77:84273s. 1972).

397. Tsapko, V. G. 1964. Toxicity of petroleum growth substance. Gigiena i Sanit. 29(2):100-
102. (Chem. Abstr. 60:16406g. 1964).

398. Uichanco, J. B., M. M. Songco, and S. C. Bautista. 1963. Toxic and adjuvant effects of
parenteral administration of Donax C, a naphthenic mineral oil easily miscible with water.
Philippine J. Vet. Med. 2(1):65-74. (Biol. Abstr. 46:89388. 1965).

399. Venderevskii, D. D. , K. A. Voitovich, F. N. Kobzov, I. B. Khakham, and N. S. Chernaya.
1971. Copper naphthenate paste as a substitute for the Bordeaux mixture in appletree scab
pest control. Tr. Kishinev. Sel. Khoz. Inst. 67:32-34. (Chem. Abstr. 79:101534p. 1973).

400. Videnin, K., and V. Rodionov. 1966. Effect of stimulating substances on the growth of
certain crops after treatment of their seeds with the stimulators. Izv. Inst. Fiziol. Rast.
"Metodii Popov, " Bulgar. Akad. Nauk 15:5-33. (Chem. Abstr. 65:20765b. 1966).

401. Voinova-Raikova, J. 1969. Effect of some stimulators on soil microflora. In K. L. Popoff
(ed. ) Plant Stimulation: A Symposium. p. 995-996. Bulg. Acad. of Sciences Press. Sofia,
Bulg.

402. Volkov, M. T. 1970. Effect of petroleum growth substance on the yield of spring wheat,
barley, oats, and millet. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch.
Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 147-148. (Chem. Abstr. 77:84374a.
1972).

403. Voronyanskii, V. I., and G. I. Kiselev. 1966. Effect of petroleum growth substance (sodium
naphthenate) on metabolism in animal tissue. Biogen. Stimul., Mekh. Vozdeistv. Stimul.
Organism Zhivo'n. Bch. Primen. Norm. Patol. Sostoyanii Zhivotn. Ptits, Mater., Mexhdunar.
Nauch. -Metod. Soveshch. (Pub. 1967), 186-194. (Chem. Abstr. 71:110352g. 1969).

404. Vsevolzhskaya, G. T., and N. L. Petrova. 1970. Effect of petroleum growth substance
under different nutrition conditions on physiological processes, yield of corn and sunflowers.
NRV (Neft. Rostovoe veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel.
Khoz., 3rd. (Pub. 1971), 386-392. (Chem. Abstr. 77:84406n. 1972).

405. Wort, D. J. 1969. Stimulation of vegetative and reproductive growth of bush bean plants
by naphthenates. Can. J. Plant Sci. 49:791-796.

406. Wort, D. J. 1972. Increased crop plant productivity by naphthenic acids: effects on nitrogen
metabolism; mechanism of stimulation. Agron. Abstr. p. 40.

407. Wort, D. J., and E. C. Hughes. 1970. Stimulation of tuber production of early potatoes
by naphthenates. Amer. Potato J. 47:394-396.

408. Wort, D. J., and A. Kozak. 1975. Growth stimulation of conifers by naphthenate over a
3-year period. Northwest Scientific Assoc. meetings, Ellensburg, Wash. Mar. 29, 1975.
(Abstract)



185

409. Wort, D. J., and K. M. Patel. 1970a. Response of plants to naphthenic and cycloalkane-
carboxylic acids. Agron. J. 62:644-646.

410. Wort, D. J. , and K. M. Patel. 1970b. ErhOhung des Buschbohnenertrages durch Naphthenate
and die Auswirkungen der Anwendungsmethode. Angew. Botanik 44:179-185.

411. Wort, D. J., and K. M. Patel. 1974. Structure of some cyclohexyl compounds as related
to their ability to stimulate plant growth. Plant Physiol. 54:656-658.

412. Wort, D. J., and K. M. Patel. 1975. Influence of naphthenate on leaf production by sugar
beet. Northwest Scientific Assoc. meeting, Ellensburg, Wash. Mar. 29, 1975. (Abstract).

413. Wort, D. J., J. G. Severson, Jr., and D. R. Peirson. 1971. Mechanism of plant growth
stimulation by naphthenates: Increase in activity of enzymes of nitrogen metabolism. Can.
Soc. of Plant Physiologists, Western Section meeting. Vancouver, British Columbia. Feb. 18-
19, p. 14. (Abstract).

414. Wort, D. J., J. G. Severson, Jr., and D. R. Peirson. 1971. Mechanism of plant growth
stimulation by naphthenates: Increase in activity of enzymes of nitrogen metabolism. North-
west Scientific Assoc. meeting. Moscow, Idaho. April 16-17. (Abstract).

415. Wort, D. J., J. G. Severson, Jr., and D. R. Peirson. 1973a. Mechanism of plant growth
stimulation by naphthenic acid. Effects on nitrogen metabolism of Phaseolus vulgaris. Plant
Physiol. 52:162-165.

416. Wort, D. J. , J. G. Severson, Jr. , and D. R. Peirson. 1973b. Growth stimulation by naph-
thenates and its metabolic bases. Plant Physiol. Suppl. 51. Program and Abstracts of paper
for the joint meeting of the Amer. and Can. Soc. of Plant Physiolog. at Univ. of Calgary,
Alberta, Canada. June 17-21. p. 46.

417. Yearsley, M. G. 1957. Final report on trials of copper naphthenates and mercuric naph-
thenates as wood preservatives. Empire Forest Rev. 36(3):287-291. (Biol. Abstr. 32:13813.
1958).

418. Yur'eva, K. V. 1963. Results of using petroleum growth-promoting substances in plant
growing. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd,
Baku. (Pub. 1965), 443-447. (Chem. Abstr. 67:20846s. 1967).

419. Yur'eva, K. V. 1970. Effect of petroleum growth substance on the yield and quality of
farm crops. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch.
Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 322-325. (Chem. Abstr. 77:844401g. 1972).

420. Yusufov, A. G. 1963. Effect of petroleum growth-promoting substance on the root formation
in cuttings. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd,
Baku. (Pub. 1965), 448-452. (Chem. Abstr. 67:20848u. 1967).

421. Zabaznov, F. T. 1963. Comparative efficiency of stimulants. Dokl. Vses. Soveshch.
Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 386-390.
(Chem. Abstr. 67:10570h. 1967).



186

422. Zamanov, P. B. 1963. Effect of petroleum growth stimulant (NRV) on growth, development,
and crop of tobacco; doses and modes of application. Fiziol. Aktiv.Veshchestva Ikh. Primen.
Rast., Dokl. Nauch. Konf., Vilnyus (Pub. 1965), 117-124. (Chem. Abstr. 66:53025f. 1967).

423. Zamanov, P. B. 1970. Effect of petroleum growth substance on the growth, development,
yield, and quality of tobacco. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz, Tr. Vses.
Soveshch. Izuch. Primen. NRV Sel. Khoz. , 3rd. (Pub. 1971), 199-205. (Chem. Abstr. 77:
84384d. 1972).

424. Zapadnyuk, V. I., D. K. Migunova, N. I. Strizhova-Salova, L. P. Kuprash, and A. D.
Shmidt. 1967. The effect of petroleum growth substance on some indexes of the central
nervous system and metabolism in old animals. Patol. Fiziol. Eskp. Ter. 11( 3):68-69.
(Chem. Abstr. 67:42429k. 1967).

425. Zgurovskaya, L. N. 1967. Effect of an oil growth substance on the reproduction rate of
some varieties of Black Sea plankton. Biol. Raspredel. Planktona Yuzh. Morei, Akad. Nauk
SSSR, Okeanogr. Kom. p. 22-31. (Chem. Abstr. 68:112506e. 1968).

426. Zgurovskaya, L. N. 1969. Effect of petroleum growth agent on the photosynthetic intensity
and rate of cell division of Chaetocerus curvisetus. Gidrobiol. Zh., Akad. Nak. Ukr. SSR 5:55-
59. (Chem. Abstr. 71:48507p. 1969).

427. Zhilina, V. S. 1970. Effect of growth substances on the productivity of sugar beets. NRV
(Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses. Soveshch. Izuch. Primen. NRV Sel. Khoz.,
3rd. (Pub. 1971), 192-198. (Chem. Abstr. 77:84383c. 1972).

428. Zhukova, P. S. 1963. Use of growth stimulators to increase productivity of vegetables.
Aktiv. Veshchestva Ikh. Primen. Past., Dokl. Nauch. Konf., Vilnyus (Pub. 1965),

103-108. (Chem. Abstr. 66:54418y. 1967).

429. Zhukova, P. S. 1963b. Use of herbicides for suppression of weeds in vegetable fields. Fiziol.
Aktiv. Veshchestva Ikh. Primen. Rast., Dokl. Nauch. Knonf., Vilnyus (Pub. 1965), 109-116.
(Chem. Abstr. 66:54436c. 1967).

430. Zhukova, P. S. 1963. Use of petroleum growth promoting substance in the Belorussian
vegetable cultivation. Dokl. Vses. Soveshch. Primen. Neft. Rostovogo Veshchestva Sel.
Khoz. , 2nd, Baku. (Pub. 1965), 118-129. ( Chem. Abstr. 67:20832j. 1967).

431. Zhukova, P. S. 1970. Effectiveness of the use of petroleum growth substance during the
cultivation of vegetable crops. NRV (Neft, Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses.
Soveshch. Izuch. Primen. NRV Sel. Khoz. , 3rd. (Pub. 1971), 30-40. (Chem. Abstr. 77:
84361u. 1972).

432. Zhukova, P. S., and T. V. Paramonova. 1966. Tests of herbicides on carrots, beets, and
onions. Vesti Akad. Navuk. Belrus. SSR, Sel. Sel'skagaspad. Navuk 4:43-48. (Chem.
Abstr. 66:104246p. 1967).

433. Zhuravleva, M. V. 1970. Effect of petroleum growth substance on the growth and metabo-
lism of coniferous seedlings. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses.
Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 424-426. (Chem. Abstr. 77:
84413n. 1972).



1 87

434. Zhuravleva, M. V., and A. V. Savina. 1963. Effect of petroleum growth-promoting sub-
stances on the growth of seedlings and young plants of the forest trees. Dokl. Vses. Soveshch.
Primen. Neft. Rostovogo Veshchestva Sel. Khoz., 2nd, Baku. (Pub. 1965), 382-385. (Chem.
Abstr. 67:10569q. 1967 ).

435. Zubets, G. G. 1966. Effect of petroleum growth stimulators (NRV) on the growth and yield

of millet. Rost. i Ustoichivost Rast., Akad. Nauk Ukr. SSR, Resp. Mezhvedomstv. Sb.
2:126-131. (Chem. Abstr. 65:20767b. 1966).

436. Zuev, V. I. 1970. Effect of gibberellin and petroleum growth substance on the growth and
yield of potatoes and cabbage. NRV (Neft. Rostovoe Veshchestvo) Sel. Khoz., Tr. Vses.

Soveshch. Izuch. Primen. NRV Sel. Khoz., 3rd. (Pub. 1971), 209-217. (Chem. Abstr.77:
84385e. 1972).

437. Zul'fugarly, D. I., D. M. Guseinov, and A. M. Abdullaev. 1967. Biological activity of
nickel, manganese, and copper naphthenates. Dokl. Akad. Nauk Azerb. SSR 23(9):57-59.

(Chem. Abstr. 68:94771f. 1968).



188

APPENDIX II

PREPARATION OF AQUEOUS POTASSIUM NAPHTHENATE (KNap)
SOLUTION FROM NAPHTHENIC ACID (HNap)

To prepare potassium naphthenate, the naphthenic acid (Practi-

cal.) must be saponified or neutralized with KOH. A KOH solution is

prepared by adding 2. 1 grams of KOH to 17 ml of distilled water.

This is added to a flask containing 5 grams of naphthenic acid (HNap)

and shaken for 10 to 15 minutes. This should be allowed to stand for

5 minutes and then brought to a volume of 25 ml with distilled water.

This solution now contains 250 mg KNap/ml. The dilution of 1 ml

of this stock solution to 50 ml with distilled water results in a 5000

ppm KNap solution. The pH of this solution which is over 12.8 (has

considerable buffering capacity) should be adjusted to pH 10 by addi-

tion of dilute HCl before final volume is reached.

NOTE: When the titration nears pH 10 the solution begins to become
milky. Also care should be taken since the buffering capa-
city is gone and small additions produce Large changes in pH.
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APPENDIX III

Daily maximum and minimum temperature, midmorning and
midafternoon relative humidity and solar radiation at Hyslop
Farm, Corvallis, Oregon, during April through September, 1974.

Date
Temperature (°F) Relative Humidity (%) Solar Radiation

(Langleys)Max Min 10 am 4 pm

April 1 49 43 91 54 100

2 53 40 98 70 170
3 50 38 98 50 387
4 52 38 97 50 100

5 61 40 97 66 330
6 55 41 78 49 326

7 55 41 77 28 339
8 62 44 87 54 300

9 55 41 88 75 170

10 46 37 72 54 176

11 53 48 97 38 300

12 51 30 68 33 302

13 56 38 71 23 353

14 65 40 55 20 339

15 69 41 93 55 543

16 56 36 72 29 357

17 59 41 54 45 320

18 63 42 66 44 270
19 58 41 74 64 265
20 55 43 88 44 265

21 60 38 75 38 350

22 65 45 68 58 340

23 56 42 88 65 396

24 54 43 72 33 474

25 60 41 62 27 474
26 61 40 65 77 348

27 59 42 69 45 432

28 59 44 63 44 354

29 59 40 80 32 510
30 70 42 59 37 474

May 1 66 45 37 43 366

2 56 43 60 31 462

3 60 38 57 28 596

4 66 42 55 27 600

5 74 43 53 26 516

6 77 48 58 34 324

7 73 45 44 33 468

8 73 45 61 30 516

9 67 46 75 49 222

10 57 45 67 43 312

11 63 45 96 50 396
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Date
Temperature (°F) Relative Humidity ( %) Solar Radiation

(Langleys)Max Min 10 am 4 pm

May 12 62 41 44 32 444
13 57 34 60 42 411
14 56 39 98 33 378

15 57 35 91 51 372

16 54 37 71 57 336

17 56 38 76 46 474
18 58 41 97 54 216
19 54 43 72 73 336

20 58 38 58 32 444

21 63 38 64 34 470
22 67 40 64 41 330

23 63 44 66 41 288

24 65 51 83 58 216

25 65 52 76 32 486

26 76 47 59 34 496
27 68 46 49 32 506

28 69 42 51 32 516
29 67 48 53 38 330

30 61 34 53 27 618

31 64 42 40 16 692

June 1 75 47 32 18 654
2 80 48 51 29 480
3 81 45 70 31 388

4 70 52 98 78 258
S 62 52 64 66 150

6 99 50 50 50 462
7 62 44 36 27 582

8 65 42 46 18 714

9 72 48 52 22 696

10 76 45 43 16 686

11 85 51 35 26 546

12 86 50 43 26 612

13 86 48 56 31 624

14 82 45 61 46 306

15 67 55 65 42 350

16 70 56 66 32 660

17 83 48 36 14 630

18 89 52 52 27 606

19 82 53 54 45 468

20 69 42 43 24 662

21 77 50 46 21 624

22 83 49 66 47 330

23 69 48 43 17 720
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Date
Temperature (°F)

Max Min
Relative Humidity (%) Solar Radiation

10 am 4 pm (Langleys)

June 24 72 41
25 76 50
26 60 40
27 62 46
28 67 43
29 79 55
30 92 57

July 1 85 51
2 66 44
3 71 44
4 84 55
5 78 54
6 68 50
7 73 49
8 72 53
9 68 51

10 61 52
11 67 51
12 69 44
13 75 48
14 83 45
15 76 49
16 70 50
17 74 52
18 69 50
19 71 55
20 75 55
21 83 50
22 82 49
23 81 52
24 75 50
25 82 53
26 84 54
27 88 54
28 91 55
29 94 61
30 83 56
31 95 58

Aug 1 96 54
2 94 51
3 92 52
4 91 53

39 20 690
95 56 264
80 54 312
91 39 366
51 17 690
45 18 672
41 25 654

62 43 285
54 29 522
37 12 663
58 26 474
96 49 270
50 24 417
42 24 498
81 89 294
70 68 210
58 38 414
42 34 494
44 21 640
41 17 648
28 36 645
52 35 441
40 41 300
97 69 183
88 64 174
74 38 501
50 21 634
44 14 561
34 36 593
41 26 624
42 23 638

644
35 25 522
23 16 546
30 15 571
47 27 564
45 11 594
33 13 588

27 13 591
33 17 588
36 20 573
43 16 558
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Temperature (°F)
Date Max Min

Relative Humidity (%) Solar Radiation
10 am 4 pm (Langleys)

Aug 5 89
6 85
7 78
8 78
9 79

10 90
11 87

12 77
13 72
14 73
15 78
16 81

17 86
18 77
19 72
20 65

21 73
22 81

23 85
24 80
25 86
26 90
27 91

28 91

29 84
30 78
31 68

Sept 1 77
2 87
3 91

4 73
5 75
6 82
7 82

8 87
9 76

10 69

11 75

12 78
13 82

14 87

15 91

16 83

51 30 24 536
47 38 17 541

44 40 23 574

45 41 21 559
45 36 15 565

52 28 24 555

44 46 24 564
49 49 30 352

48 72 38 350

45 56 22 555

43 52 21 540
50 48 11 540
47 54 32 540
56 55 30 540
56 84 56 140

55 51 28 397
49 42 18 472

51 33 35 428
53 46 27 438
59 47 20 504
60 45 13 511
59 40 12 493
55 36 21 416
57 63 31 439
58 88 46 345

58 78 63 127

59 80 42 286

53 78 23 356
55 76 8 366

53 97 55 186

56 88 34 216
52 83 25 432
53 18 43 468

50 18 72 450

53 39 52 228

59 88 58 150

48 98 30 252

47 73 11 438

51 30 11 420

55 18 8 444
46 17 4 468

41 65 13 450
44 57 10 432
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Date
Temperature ( °F) Relative Humidity (%) Solar Radiation

(Langleys)Max Min 10 am 4 pm

Sept 17 87 43 47 13 432
18 87 46 46 14 420
19 89 53 47 10 420
20 94 48 56 5 402
21 95 49 40 6 378
22 94 47 52 9 384
23 92 49 26 11 372
24 92 48 31 5 378
25 97 43 44 17 348
26 89 44 52 19 328
27 73 38 54 12 378
28 74 41 54 24 384
29 75 44 57 16 360
30 76 38 43 16 348


