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ABSTRACT 

Pepper plants (Capsicum annuum L.) were grown in 

field and a greenhouse in Arizona to determine the effects of 

water stress, root temperature, and exogenously applied 

growth regulators on cytokinin production and the resulting 

growth. Research showed that vegetative plants were signifi

cantly higher in cytokinin activity and growth parameters 

than fruiting plants. Also, in root-pruned fruiting plants, 

cytokinin activity was less than that of intact fruiting 

plants. 

In vegetative plants, the competition between removed 

sinks and the rest of the shoot was reduced and, hence, more 

cytokinin came from the roots to the shoots. Besides, 

additional carbohydrates were available and recycled to the 

roots. 

In respect to temperature effect, elevating tempera

ture from 15 to 30 0 C had a pronounced effect of increasing 

the growth rate and cytokinin activity. The measured 

parameters declined when temperature exceeded 30oC. Tempera

tures between 25 and 300 C were found to be optimum. 

Under experimental conditions, growth regulators 

(cyteX® and Burst~ applied to the soil or foliage had no 

significant effect on growth rates or cytokinin activity in 
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roots. Also, applying Burst® or kinetin to the nutrient 

medium had inconsistent and statistically nonsignificant 

effects on photosynthesis and transpiration. 
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INTRODUCTION 

In arid regions, vegetable production is often 

limited by temperature extremes and poor water relations. 

The mechanism by which these environmental factors affect 

plant growth needs attention, and a better understanding of 

this relationship needs to be developed. 

The importance of the root system to plant growth and 

development is well recognized. Many years ago plant physio

logists postulated that roots are organs of water and salt 

absorption, and therefore, most root physiology research 

centered around these two functions. Presently there is 

support for the concepts that metabolism of aerial parts of 

plants is controlled by hormones produced in the roots. 

Root tips are the major sites of cytokinin synthesis 

in higher plants (Vaadia and Itai, 1968). Cytokinins are 

translocated to the shoot via the xylem sap. The following 

literature indicates reduction in cytokinin activity in 

root exudate and in growth when roots are subjected to 

unfavorable conditions. Itai and Vaadia (1965) found that 

root exudate obtained from water-stressed plants had a 

significantly lower cytokinin activity than the exudate 

of unstressed sunflower plants. 

1 
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Richards and Rowe (1977) showed that growth rates 

and ultimately plant size were impaired due to root restric

tion. They postulated that the limit set by the roots on top 

growth involved internal regulation by the roots, particu

larly the production and supply of growth substances. 

Cytokinin activity also fluctuated depending on the 

stage of plant development, disbudding and alter~tion in 

fruit load. All of these reflected changes in the physio

logical status of the plant. 

A number of reports indicate that temperature stress 

applied to roots affect the export of growth substances to 

the shoot. Cole (1969) showed a reduction in the cytokinin

like activity of extracts from 'Alaska' and 'Wando' cultivars 

of Pisum sativum L. when temperatures were between 30 and 

3S o C. Also, he indicated that roots responded to high 

temperatures so that heat symptoms by the plant were due to 

thermally induced deficiency of substances produced by the 

roots. 

The adverse effects of stress are partially counter-

acted by cytokinin application. It was found that exogen-

ously applied cytokinins were involved in the regulation of 

various processes such as flower enhancement and fruit 

formation, delay of senescence, promotion of pod development, 

and increase in growth and photosynthesis. 
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These findings provide the basis for the hypothesis 

that "By changing the root environment, alterations in cyto

kinin production will regulate to shoot meta~olism". To test 

this hypothesis, different experiments were designed to 

manipulate the environment around the roots. One experiment 

created water-stress by root pruning and altering fruit 

load. Another study altered root temperature. Peppers were 

grown at the University of Arizona Environmental Research 

Laboratory in hydroponic solution at different temperatures. 

Cytokinins applied to roots and foliage were also part of 

these studies. 

The objectives of these studies were: a) to deter-

mine the influence of alterations of fruit load and water 

stress on growth parameters and cytokinin production in 

pepper roots; b) to determine the effects of root-zone 

temperature in hydroponic media on pepper plant growth and 

cytokinin production in pepper roots; and c) to determine 

whether exogenous cytokinins will influence cytokinin 

production in roots, and growth and yield of shoots. 



LITERATURE REVIEW 

The idea that a growth factor originates in roots was 

first noted by Went (1938) who studied the growth of rootless 

pea seedlings. Chibnall (1939) suggested that a hormone-like 

factor from the roots might influence the regulation of 

protein levels in the leaves. 

There is evidence that hormones other than cyto

kinins are produced in roots, including gibberellins 

(Phillips and Jones, 1964; Carr, Reid and Skene, 1964) and 

abscisic acid (Lenton, Bowen and Saunders, 1968). Root tips 

have been considered major sites of cytokinin synthesis in 

higher plants. Short and Torry (1972) found that substantial 

amounts of cytokinin exist in root tips of peas. Many 

workers have agreed that cytokinins are synthesized in roots 

and translocated to the shoot via the xylem sap (Kulaeva, 

1962; Kende, 1964; Kende and Sitton, 1967; Engelbrecht, 1972; 

Skene, 1972; Van Staden and Davey, 1976). 

Several reports in the reviewed literature below 

indicated a measurable reduction in cytokinin activity in 

root exudate and growth parameters when plant roots were 

subjected to unfavorable conditions. 

4 
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Flooding appears to affect cytokinin levels in roots, 

as well as their export to shoots. Burrows and Carr (1969) 

and Itai and Vaadia (1965) pointed out that water flooding 

reduces the cytokinin production by roots. The idea was 

further strengthened by Reid and Railton (1974a, 1974b) who 

found that the application of BA (benzyladenine) to flooded 

tomato plants overcame the dwarfing effect of water-logging. 

This suggests that flooding could decrease cytokinin trans

location to the shoots. 

Andreenko, Potapov and Kosulina (1964) found that 

when exudate from maize grown at pH 7 was included in a 

culture medium, carrot callus growth, a bioassay for cyto

kinin, was more than if exudate from maize grown at pH 

4 had been used. This suggests that a low pH inhibits cyto

kinin production. Further investigations by Banko and Boe 

(1975) showed a depression of overall fresh weight and cyto

kinins from roots at a low pH (3.5) compared to pH 5 or 6.5. 

Salinity also reduced cytokinins in the transpiration 

stream. Exposing roots to higher osmotic values in the 

nutrient medium decreased the level of cytokinin and this was 

reversed when they terminated this osmotic stress (Itai, 

Richmond and Vaadia, 1968). 

Various other root stresses affecting translocation 

of cytokinins from root to shoot are water stress and heat 

stress. Also, exogenous application of cytokinins to roots 

or foliage affected cytokinin production by roots and induced 
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other morphological and physiological changes. The following 

is a review of research relating to these sUbjects. 

water Stress, Root Pruning, Defruiting 

Cytokinin levels in root exudates fluctuate depending 

upon environmental conditions around the roots, as well as 

the stage of plant development and other manipulative 

treatments, such as disbudding, altering fruit load or root 

pruning. 

A. Water Stress 

Itai and Vaadia (1965) found that root exudates 

obtained from water-stressed plants had significantly lower 

cytokinin activity per unit volume than exudates of un

stressed sunflower plants. In tobacco plants, a similar 

situation was found when the availability of water to plants 

was reduced (Itai and Vaadia, 1971). Loomis and Shah (1965) 

observed that RNA and protein content decreased in water 

stressed sugar beet leaves. This decrease was prevented by 

spraying plants with benzyladenine. Misaghi, Devay and 

Kosuge (1972) noticed decreases in cytokinin activity of 

water stressed healthy cotton. 

B. Root Pruning 

Water stress conditions are usually associated with 

reduction of the root system. This condition, in turn, plays 

an important role in influencing shoot metabolism by affect

ing the level of cytokinins supplied to the shoot. Water 
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stress conditions could be created artificially by pruning 

the roots. Workers demonstrated the importance of root 

restriction as a technique for manipulating root growth 

and studying its function and interaction with the top. 

Kulaeva (1962) concluded that attached leaves contained 

optimum amounts of root supplied cytokinin. Removal of 

roots, however, caused a deficiency in these factors and 

rendered the leaves sensitive to applied kinetin. 

Henson and Wareing (1976) showed that roots were the 

major source of cytokinin to the shoot in Xanthium. Their 

studies indicated that cytokinin l~vels in shoots decreased 

upon root removal. They concluded that cytokinin regulates 

protein metabolism in leaves, and that the amount of cyto

kinin supplied to the shoot is regulated by the size of the 

root system. They suggested that the reduction in the shoot 

growth as a result of root pruning was caused by a reduction 

in the supply of cytokinin from root to shoot. 

Wareing, Khalifa and Treharne (1968) confirmed the 

above suggestions when they found that a reduction in 

fixation of 14C02 in pruned plants was associated with 

reduced amounts of cytokinin moving to the shoot from the 

roots with a consequential reduction in carboxylating enzymes 

and chlorophyll activity. Richards and Rowe (1977) showed 

that growth rates and ultimately plant size were impaired due 

to root restriction. They related this to the production and 

supply of growth substances to the top. Results of Carmi and 
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Van Staden (1983) showed that partial excision of roots 

caused a reduction in leaf area and weight. In plants with 

partial root excision, the ratio in dry weight of root to 

leaves was considerably lower. Also, they noticed that 

cytokinin levels in leaves, stems, and roots of partially 

root-excised plants were much lower than in control plants. 

Stage of Plant Development, Disbudding, and Alterations 
in Fruit Load 

There are morphological and seasonal changes in 

cytokinin levels in xylem exudate which reflect changes 

in the physiological status of the plant. In sunflower, 

cytokinin content in xylem sap increased during the exponen-

tial growth phase, but then decreased by a factor of ten when 

plants reached their full size (Sitton, Itai and Kende, 

1967). They explained that as plants grow, new secondary 

roots develop, hence more new sites of cytokinin develop. 

Van Staden and Wareing (1972) indicated that vegetative 

plants of Xanthium strumarium had higher concentrations of 

cytokinin than plants which have reached their floral 

development. Henson and Wareing (1974, 1977) obtained 

similar results. They postulated that low cytokinin levels 

are possibly necessary as a prerequisite to flowering. 

In tomato (Davey and Van Staden, 1976) and white 

lupine (Davey and Van Staden, 1978a, 1978.b), flower bud 

development was associated with decreasing cytokinin levels. 

After the exposure of Perilla frutescens to a short day, the 



9 

concentration and amount of cytokinin in the sap increased 

rapidly and highest levels were present during flower and 

fruit formation (Beever and Woolhouse, 1973). In a subse

quent study, Beever and Woolhouse (1974) showed that there 

was an increase in the xylem sap of florally induced plants 

compared to vegetative plants. They added that the cytokinin 

of the xylem sap from disbudded plants was higher than from 

intact vegetative plants. Tucker (1981) found a rapid 

increase in levels of cytokinin-like compounds in nutrient 

film technique grown tomato plants compared to a soil grown 

crop during the fruit ripening period. 

Heindl, et al. (1982) showed that cytokinin levels 

in soybean plants increased during the vegetative growth to a 

maximum during the flowering and early pod formation stage. 

Also, they observed a 50% increase in the exudate flux of 

plants grown in fields over the ones grown in growing 

chambers. They attribute~ this increase in flux to un

restricted root growth which occurred in the field. Niimi 

and Torikata (1978) reported that cytokinin activity was 

highest during the early development stages of grape flower 

clusters; it decreased thereafter, until full bloom when the 

activity increased rapidly. 

Loveys and Kriedemann (1974) observed that photo

synthesis of leaves with fruits present at the same node was 

higher than for those where fruits had been removed. These 

data were confirmed by Hoad, Loveys and Skene (1977) when 
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the rate of photosynthesis was found to be lower upon the 

removal of fruits from potted cuttings of Vitis vinifera L. 

The fruited plants, however, were accompanied by high 

concentrations of cytokinin glucoside and low concentrations 

of gibberellic acid in extracts from their leaf tissues. 

Hoad et ale (1977) indicated that leaves of defruited 

vines were able to produce the cytokinin glucoside by 

conjugation of cytokinins coming from the roots through 

the xylem sap. They added that in fruited vines, these 

cytokinins tended to be low due to the diversion of some of 

the xylem derived precursor into the fruits. Satti (1981) 

found that during early phase of tomato vegetative growth, 

the level of cytokinin in root exudate was higher, but then 

declined at the time of bud formation and anthesis. Colbert 

and Beever (1981) reported that the cytokinin flux and the 

cytokinin concentration of the bleeding sap in tomato and 

tobacco plants increased as a result of disbudding. Van 

Staden and Carmi (1982) found that shoot decapitation of 

Phaseolus vulgaris plants resulted in higher levels of 

cytokinin in roots. Recently, Zielin et al. (1984) found 

that a decrease in cytokinin activity in leaves corresponded 

with a drop in bud formation. 

Temperature 

The effect of the root environment on plant growth is 

of importance in the study of the root-shoot relationship. 
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There was an increase in growth with warmed tomato roots 

(25 to 30 0 C) (Locascio and Warren, 1960; David and Lingle, 

1961; Cooper, 1973; Jones, Sandwell, and Talent, 1978; 

Orchard, 1980; Moorby and Graves, 1980) and a decrease in 

growth at temperatures below 150 C (Martin and Wilcox, 1963; 

Wilcox, Martin and Langston, 1962; Orchard, 1980). Abdel-

hafeez et ale (1971) reported a reduction in tomato growth 

when soil temperatures fell below 20 0 C. They also found that 

the difference between the effect of soil temperature in the 

range of 20 to 30 0 C was only small and irregular. These 

results were in accordance with those of Fujishige and 

Sugiyama (1968). 

Gosseline and Trudel (1982) found that lower tempera

tures of 13.8 and 18.60 C had the heaviest production of root 

tissue while 23.90 C was the best for shoot production. By 

raising the substrate temperature, the shoot/root ratio 

increased to a maximum level of 29.30 C. Also, they found 

that at 23.9 0 C tomato yields were highest. Subsequent 

studies by these authors (1983) showed a reduction in root 

fresh and dry weight when temperatures were raised from 12 to 

30 or 36 0 C. An increase in the temperature from 12 to 300 C 

caused an increase in the shoot dry weight. Hurewitz and 

Janes (1983) reported that as root temperature increased from 

16 to 300 C, the growth rate of " tomato increased. Recently, 

Bugbee and White (1984) showed that a root zone temperature 

of 150 C severely inhibited tomato growth as measured by fresh 
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and dry weight of shoots and roots. Also, they noticed that 

the optimum temperature was 25 to 30 0 C and by elevating the 

temperature from 25 to 30 0 C did not increase growth. At a 

root zone temperature of 35 0 C, growth was substantially 

decreased. 

It appears that an environment which provides for 

satisfactory root ~rowth would also benefit the shoot growth 

of the plant. Cool root-zone temperatures were capable of 

stimulating plant growth because of vital temperature 

dependent processes in the root which exert control over 

shoot as well as root activities. The following work 

indicated that temperature stress conditions applied to the 

roots affect the export of growth substances to the shoot. 

Menhenett and Wareing (1975) presented evidence 

showing that low root temperatures lead to alterations in 

hormone content of xylem sap of tomato, which contributed to 

the reduction of shoot growth. Cytokinin levels in root and 

xylem increased in response to low temperatures (Banko and 

Boe, 1975; Engelbrecht and Bielinska-Czarneckce, 1972; Skene, 

1972). Studies of root temperature on cytokinin production 

and growth showed that the total amount of cytokinin activity 

in the xylem sap was greater at 30 0 C than at 20 0 C ~n 

'Sultana' grape vines (Skene and Kerridge, 1967). Also, 

higher temperatures caused an increase in shoot and root 

elongation and an increase in dry matter accumulations for 

both shoots and roots. Itai and Vaadia (1971) showed that 
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levels of cytokinin in root exudate and leaves declined when 

tobacco plants were exposed to air drying stress. However, 

Atkin, Barton and Robinson (1973) presented evidence that 

cytokinin activity in maize xylem exudate increased as the 

root temperature was raised from 8 to 28oC, but then declined 

at 33 0 C appreciably. Itai, Ben-Zioni and Ordin (1973) 

reported that root growth was reduced when root systems of 

Phaseolus vulgaris and Nictotiana rustica were exposed to 

heat treatments for,2 minutes at 46 to 47oC. They also found 

that heat treatments reduced cytokinin levels and increased 

abscissic acid levels in the exudate. Cole (1969) showed a 

reduction in the cytokinin-like activity of extracts from 

'Alaska' and 'Wando' cultivars of Pisum sativum L. when 

temperatures were between 30 and 3SoC. Also, he indicated 

that roots responded to high temperatures, and that heat 

symptoms by plants were due to thermally induced deficiency 

of substances produced by roots. 

Hormone Applications 

Growth sUbstances produced in roots were transported 

to shoots of plants and exerted hormonal control over shoot 

growth (Wareing, 1970). These roots have a major role in 

maintenance and balance of growth of the whole plant. By 

changing the environment around roots, bi0chemical steps 

leading to the production of cytokinins are affected, which 

is one of the reasons for the reduction of cytokinins in the 
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transpiration stream. These cytokinins regulate the protein 

metabolism of leaves and are involved in many aspects of 

shoot development, including growth of lateral buds, regula

tion of activities of photosynthetic enzymes, regulation of 

foliar senescence, and enhancement of flower and fruit 

formation. 

The adverse effects of stress are partially counter

acted by cytokinins. Went (1943) proposed that stem growth 

needed a growth hormone supplied by the roots based on the 

observation that when roots were removed, shoot growth was 

inhibited and could be restored by treating leaves of 

rootless tomato plants with coconut milk or pea diffusate. 

Kinetin application to tobacco leaves exposed to heat stress 

increased the tolerance of the tissues (Mothes and Engel

brecht, 1963). The root maintained optimal levels of 

cytokinin in the leaf through the transpiration streams. 

As soon as roots were severed, kinetin treatments became 

highly effective in retarding protein and chlorophyll loss. 

Loomis and Shah (1965) observed that RNA and protein content 

decreased in water-stressed sugar beet leaves. This decrease 

was prevented by spraying the plants with benzyl adenine (BA). 

In respect to photosynthesis and chlorophyll biosyn

thesis in decapitation experiments, many authors supported 

the idea of the involvement of root-produced cytokinins in 

the control of shoot growth (Wareing et al., 1968; Carmi and 

Koller, 1978). In paitially defoliated plants, partial 
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removal of roots eliminated the usual defoliation response 

and the addition of cytokinins to such plants could partly 

restore the effects caused by root pruning. Richards 

and Rowe (1977) found that application of 6-benzylaminopurine 

(BAP) to the leaves overcame growth reduction of restricted 

root plants to some extent. The application of BA to flooded 

tomato plants overcame the dwarfing effect of water-logging 

(Reid and Railton, 1974b; Aung and Byrne, 1975). 

Exogenously applied cytokinins are involved in the 

regulation of various processes such as flower enhancement 

and fruit formation, delay of senescence (Garrison, Brinker 

and Nooden, 1984), promotion of pod development, increase in 

growth, and photosynthetic stimulation (Dong and Arteca, 

1982; David and Potter, 1981). 

Weaver, Van Overbeek and Pool (1965) noticed a 

promotion of fruit set in grapes when cytokinin was applied. 

There was a significant reduction on the dry matter accumula

tion of aerial parts and in the heights of tomato, cucumbers, 

and pea plants when kinetin was incorporated into the culture 

solution root medium in concentrations ~anging from 10-5M to 

10-7M (Wittwer and Dedolph, 1963). Flowering was accelerated 

in peas and inhibited in tomato. Following foliar applica

tion of cytokinin to tomato, Sharma and Gupta (1972) were 

able to demonstrate an increase in flower numbers. Rucken

bauer and Kirby (1973) reported that by spraying barley 
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leaves with kinetin both shoot apex development and the final 

kernel size were increased. 

McDavid, Sagar and Marshall (1973) found that the 

application of 6-benzylaminopurine (BAP) to shoots largely 

compensated for root removal and increased the shoot to root 

ratio of both pruned ahd intact plants. BAP application to 

tomato plant a~ices did not measurably affect stem length or 

leaf area (Menhenett and Wareing, 1975). Application of BA 

and gibberellic acid (GA) promote floral development (Kient, 

1977) • 

Following cytokinin application, Tse, et al. (1974) 

were able to enhance flower development in bougainvillea. 

For normal development of the fruits of grapes, cytokinins 

were found to be necessary (Mullins, 1967). Skene and 

Antcliff (1972) reported that cytokinin was also necessary in 

increasing flower numbers in grapes. In tomato plants, a 

phosphorus deficiency was accompanied by a decrease in the 

cytokinin activity of the root exudate and, hence, a reduc

tion in number of flowers. The application of kinetin to the 

growing medium overcame this problem by increasing the number 

of flowers (Menary and Van Staden, 1976). 

Ogawa and King (1979) found no direct effect for BA 

in the flowering of Pharbitis, but found an indirect effect 

on the assimilate and consequently on the transport of the 

stimulus which moved with the assimilate. Promotion of 

hypocotyl and cotyledonary growth of tomato was achieved 
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following apical application of benzyladenine and gibberellin 

GA4/7 alone or in combination (Aung and Byrne, 1975). 

In adverse light conditions, the application of BA 

and GA4/7 localized on the inflorescences promoted inflores

cence development. Green (1980) found that apple trees 

. increased their fruit set at bloom by applying GA4/7 and BA. 

Abortion was prevented by treating the inflorescence 

with a mixture of cytokinin and GA4/7 soon after its macro

scopic appearance. This suggested that these groups of 

growth regulators are involved in the control of reproductive 

development in tomato (Kient, 1977; Kient et ale 1978). The 

two compounds had a sequential effect: the action of the 

cytokinin was exerted first and that of GA only subsequent to 

the cytokinin action. Such observations suggested that the 

abortion of the inflorescence of plants grown under insuf

ficient light may be due to a deficiency of, both cytokinin 

and gibberellins. In subsequent studies (Leonard and Kient, 

1982; Leonard, et ale 1983; Kient and Leonard, 1983) these 

latter results were confirmed. Sharif and Dale (1980) found 

that dry weight gains of tiller buds were stimulated by 

supplying kinetin to roots of barley plants. 

Dong and Arteca (1982) found that kinetin applied to 

tomato roots at the concentration of'0.47 uM (up to 2 days) 

had a stimulatory effect on photosynthesis, relative growth 

rate and total plant dry weight, but after that there was a 

sharp decrease in these parameters. Arteca (1982) reported 
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that kinetin application to tomato roots at different 

concentrations (5x10- 2 , 5x10- 4 , 5x10-5 ppm) increased the 

relative growth rate, total leaf area and total plant dry 

weight; but the highest concentration was suboptimal. In 

contrast, Bugbee and White (1984) found that kinetin applied 

to the nutrient solution at concentrations of 4.6, 23, 46, 

and 230 nM had no significant effect on growth parameters as 

they are measured by fresh and dry weight of shoot and root 

of tomato. 

Satti (1981) noticed the promotion of tomato inflo

rescence and an increase in the number of flowers from the 

application of GA4/7 and 6-BA to tomato inflorescences. 

Okelana and Adedipe (1982) found that foliar application of 

6-BA at concentrations of 0, 0.25, and 25 mgL-1 had no 

significant effects on vegetative growth of cowpea plants. 

In a subsequent study, Argall and Stewart (1984) showed that 

foliar application of 6-BA resulted in an increase in the 

'harvest index and decreased vegetative growth over control 

plants. The foliar 6-BA spray did not influence branching 

unless combined with decapitation. In comparison with the 

control plants, total grain yields were not affected by 

either of the 6-BA foliar spray treatments despi~e a lower 

amount of vegetative growth. 

Some reports indicated beneficial results -from 

the use of seaweed extracts as fertilizer additives in 

increasing crop yields. A close correlation was found 
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between the results of the use of seaweed extracts and 

kinetin of equivalent cytokinin activity suggesting the 

activity of this extract was due to its cytokinin content 

(Blunden and Wildgoose, 1977). These authors also found a 

significant increase in the yield of potato due to the foliar 

application of the seaweed extracts and the synthetic 

cytokinin, kinetin. 

In studying the effect of seaweed extracts on growth 

and yield of onions, McGeary and Birkenhead (1984) found the 

foliar application at 5.5, 11, and 22 liter/ha- 1 had no 

significant effect on bulb yields, size or average bulb 

weight. Al so there was no difference in maturity between 

treatments. The potato cultivar 'Russet Burbank' showed no 

response to cyte~ (a commercial seaweed extract containing 

natural cytokinins) throughout 7 years of trial (Dwelle and 

Hurley, 1984). Foliar application of kinetin concentration 

of 1.25 mg/liter and cytex® at 10 and 15 ml/liter had no 

effect on tuber number, but total yield of 'Kennebec' was 

increased when cytexroat the concentration of 15 ml/liter was 

applied during the initial stages of tuberization (Lang and 

Langille, 1984). 

Transpiration 

Increased transpiration of several graminaceous 

species were reported after the application of cytokinin 

to whole leaves (Livne and Vaadia, 1965; Meidner, 1969; 
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Cooper, Digby and Cooper, 1972; Biddington and Thomas, 

1978). Epidermis detached from leaves of the grass Antephora 

pubescens showed their response in opening stomates when 

synthetic cytokinins were applied (Incoll and Whitlam, 1977; 

Jewer and Incoll, 1980). Kuraishi, Hashimoto and Shiraishi 

(1981) reported that applications of zeatin caused stomate 

opening only 2 minutes after application to mature leaves of 

intact sunflower plants (Helianthus annuum L. cv. 'Large 

Russian'). On the other hand, zeatin riboside treatment did 

not show a distinct effect on stomatal opening within these 

periods. Results of Adedipe, Hunt and Fletcher (1971) 

confirmed the previous ones of Luke and Freemen (1968) who 

found that cytokinins did not affect transpiration in various 

dicotyledon species including beans. More recently, Garrison 

et al. (1984) reported that stomatal resistance was held down 

when zeatin (3x10- 7 M) was present in the nutrient medium. 

Solution uptake (transpiration) was high and was not affected 

by zeatin during the first several days after excision. At 

10 days after excision, solution uptake without added zeatin 

began to decline while that with added zeatin remained at a 

fairly constant level. 

~hotosynthesis 

The application of kinetin (6 furfuryl-aminopurine) 

at concentrations of 20 ppm to leaves of defoliated maize 

seedlings, half of which had been subjected to root pruning, 
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resulted in significantly increased photosynthesis in both 

root pruned and controlled plants. Furthermore, the applica

tion of kinetin partially compensated for the removal of 

roots (Wareing et al., 1968). This stimulatory effect also 

had been reported in other studies (Treharne, et al., 1970; 

Adedipe et al., 1971; Dong and Arteca, 1982). Also, external 

application of cytokinins had an inhibitory effect on 

photosynthesis (Dong and Arteca, 1982). Ogawa and King 

(1979) found the initial uptake of 14C02 was the same for the 

BA-treated cotyledons and control. Recently, Bosselaers 

(1983) found that treatments of expanding primary leaves of 

Phaseolus vulgaris with 0.5 mM kinetin resulted in no in

fluence on net photosynthesis carbon dioxide uptake per unit 

leaf surface area. 



MATERIALS AND METHODS 

Pepper (Capsicum annuum L.) cultivars 'Yolo Wonder', 

a green bell pepper of the 'California Wonder' type, and 'New 

Mexico 6-4', a chili pepper, were selected for these studies. 

'Yolo Wonder' is characterized by fruit setting over 

a long picking period and is less concentrated near the crown 

of the plant when compared to 'California Wonder'. 'Yolo 

Wonder' is also characterized by its vigorous, medium height, 

heavy dark foliage, and its resistance to tobacco mosaic 

virus. Fruits are pendant, dark green, blocky and heavy. 

'New Mexico 6-4', used as chili pepper, is character

ized by its pods which average about 15 to 18 cm in length 

and about 5 cm at its widest points. Pods are thick fleshed 

and smooth with well-rounded shoulders tapering to a blunt 

point at the blossom end. Its yield is about 8 to 12 thou

sand kilograms of fresh green chili per acre. An average of 

seven to eight fresh green pods make 1.0 kg. Plants range 

between 50 and 75 cm in height and are upright. Leaves are 

medium sized and smooth. 

Five experiments were undertaken in University of 

Arizona greenhouses and one field experiment was planted at 

22 
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Willcox, Arizona. Each experiment will be discussed individ

ually as follows: 

Experiment 1 

Chili pepper seeds were sown in polystyrene trays 

filled with a medium containing 50:50 (v/v) peat moss and 

vermiculite in greenhouses. Adequate moisture was applied to 

the trays for germination. They were fertilized frequently 

with 14.8 milliliters of 20:20:20 fertilizer in 7.4 liters of 

water. After six weeks seedlings were transplanted into 9.4 

liter containers at the Campus Agricultural Center. The 

medium was loamy soil. Watering and management practices 

were done as required. 

The plants were arranged in factorial design with six 

replications. Each block was composed of four treatments: 

(1) vegetative (root intact); (2) vegetative (root pruned); 

(3) fruiting (root intact); and (4) fruiting (root pruned) 

with three plants for each treatment, thus 72 plants were 

kept in the greenhouse. For vegetative treatments, buds and 

flowers were removed. For root-pruned treatments roots were 

cut on one side of the plant using a sharp knife. Root 

pruning created water stress conditions for the plants. 

Measurements were taken every month starting 25 days after 

transplanting, at three subsequent sampling dates to cover 

different morphological and physiological changes in chili 

peppers. The first sampling date was taken when all plants 
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were in vegetative stage, the second one when fruits were 

small, and the third when fruits became mature. Measurements 

included: (a) shoot weight: fresh and dry, (b) root 

weight: fresh and dry, (c) cytokinin production by roots. 

To obtain the dry weight, plants were placed in a dryer for 

72 hours at 80 0 C to reach constant dry weight. 

To obtain root exudates for determining cytokinin 

production by the roots, selected plants were watered at 8:00 

a.m. At 10:00 a.m. they were cut 7.5 to 10 cm above the soil 

level. Sterilized rubber tubes were attached to cut stems 

and exudate sap was collected in glass columns for 6 hours. 

Sap from each plant was stored at -20oC until required for 

bioassay. 

For cytokinin bioassays, the frozen sap was thawed 

and partitioned with equal volumes of petroleum ether for 

purification. The aqueous phase with a pH of 5.2 to 5.4 was 

adjusted to 5.8 and used in the soybean (Glycine max cv.

'Acme') callus assay, described by Miller (1968) for detec-

tion of cytokinins. Exudate from three different sampling 

dates was used. For each sampling date 0.5 ml exudate was 

used in Miller's media' that was prepared without kinetin. 

The media containing exudates were set up into 10 ml bottles, 

which W3re each innoculated with one piece of callus. A 

series of kinetin standards were replicated 10 times and a 

dose response curve was plotted. After 3 weeks of incubation 

at 27oC, callus was weighed fresh. 
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Experiment 2 

This experiment was conducted in a greenhouse at the 

University of Arizona Environmental Research Laboratory to 

test the influence of root medium temperatures. Ponds 4m x 

0.66m, 30 cm deep were constructed in the greenhouse. The 

ponds were lined with a hard plastic material to hold the 

nutrient solution. Heaters were laid underneath the lining 

in a fashion similar to a waterbed to regulate the tempera

ture of the nutrient solution i~ the ponds. A special 

refrigeration unit was connected to certain ponds to cool the 

nutrient solution below ambient temperatures. 

Seedlings were inserted through cylindrical holes 

drilled in 4 cm thick styrofoam. The seedlings were secured 

in place with a ring of soft sponge which formed an insulat

ing seal between the air and solution. With shoots emerging 

above and roots hanging below, the styrofoam was fitted 

tightly into the ponds containing Hoagland solutions. The 

styrofoam was divided into two halves. One half had green 

peppers and the other half had chilies. 

Plants were arranged in a factorial design with two 

replications and six treatments: (1) ambient at 20 0 C with 

buds and flowers removed (vegetative); (2) ambient at 20 0 C 

without buds and flowers removed; (3) below ambient 150 C; 

(4) roots at 25 0 C; (5) roots at 30 oC; (6) roots at 350 C. 
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Plants were sampled twice each month after 35 days from 

transplanting. Measurements were the same as in the previous 

experiment. 

Experiment 3 

This experiment was conducted in a greenhouse at the 

Campus Agricultural Center with both green bell and chili 

peppers. cyte~, a commercial seaweed extract containing 

natural cytokinin was tested in this experiment. Seedlings 

were transplanted into 9.4 liter containers and kept in the 

greenhouse. The media was loamy soil. Watering and manage

ment practices were done as required. 

The plants were arranged in a randomized complete 

block design with three replications. Each block was 

composed of three treatments: (1) control; (2) Cyte~at the 

concentration of 3.8 liters/.00405 km 2; (3) cyte~ at the 

concentration of 7.6 liters/.00405 km2 • 3.8 liters cyte~/

.00405 km 2 was equal to 0.4 ml cyte~/20 ml H20/plant. 

The soil was moistened before application of Cyte~ 

to insure that the hormone solution would not stick to the 

soil surface. Solution was added to the root zone via a 

special funnel that was inserted in a 12.5 cm hole in the 

soil. Half of these plants were de topped 1 day after cyte~ 

application for measuring the root exudate to see whether or 

not cyte~ was absorbed. The other half of the plants were 

left for the rest of the growing season to measure other 
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parameters (a) yield, number of fruits and their weight, (b) 

fresh and dry weight and roots and shoots at the end of 

the season. 

Experiment 4 

This experiment was conducted in the field in Cochise 

County, Willcox, Arizona. The green pepper cultivar was 

'California Wonder'. The normal farm production practices 

were followed. 

Two commercial products, 'cyte~' and 'Burs~', which 

contained cytokinins, were sprayed on foliage. Plants were 

spaced 30 cm apart in the row and 120 cm between rows which 

ran east to west. The length of the plot was 8.3m. A 

separate individual experiment was designed for each pro-

duct. For cyte~, a randomized complete block was used 

with three replications and five treatments: (,1) control by 

spraying water on foliage; (2) 1X= 3.8 liters Cyte~/190 

liters water/ .00405 km2 applied at. the sixth leaf stage; (3) 

2X= 7.6 liters cyte~/190 liters water/.00405 km2 at the 

sixth leaf stage; (4) 1X+1X= 3.8 liters CyteX@/190 liters/

.00405 km 2 applied at the sixth leaf stage plus the same 

concentration applied 2 weeks later; (5) 2X+2X= 7.6 liters 

cyte~/190 liter water/.00405 km 2 plus the same concentration 

2 weeks later. Plants were harvested once, 2 weeks after 

the second application, and peppers were graded as marketable 

or unmarketable. Similar experiments were designed for 
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Burst® with the following treatments: (1) control; (2) 1X= 

.118 liter/.00405 km 2 applied at the sixth leaf stage; (3) 

2X= .237 liter/.00405 km 2 applied at the sixth leaf stage; 

(4) 1X+1X= .118 liter/ .00405 km2 applied at the sixth leaf 

stage plus the same concentration 2 weeks later; (5) 2X+2X= 

.237 liter/.00405 km 2 applied at the sixth leaf stage plus 

the same concentration 2 weeks later. 

Experiment 5 

This experiment and the following one were conducted 

in a greenhouse at the Campus Agricultural Center using 

peppers grown hydroponically. Aerated containers were used 

to hold the nutrient solutions. 

Eighteen containers were used with two plants grown 

hydroponically per container. Three treatments were assigned 

randomly for these containers. Each treatment contain six 

containers (repl ica tions) • Since the measurements were 

repeated, the design was a split-plot design. Treatments 

were: (1) control; (2) 1X= Burst® was added to the nutrient 

solution at concentration of 1/500; (3) 2X= Burst®was added 

at concentration of 1/200. Transpiration and photosynthesis 

were measured before the Burs~ application as a base line, 2 

days after application, and weekly thereafter for 5 weeks. 
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Experiment 6 

This experiment was similar to Experiment 5 except 

kinetin, a synthetic cytokinin, was used instead of Burst®. 

The treatments were: (1) control; (2) 1X= kinetin at 0.001 tiM 

was added to the nutrient solution; (3) 2X= kinetin at 0.01 

tiM was added to the nutrient solution. 

Statistical Procedure 

Computerized statistical analysis of variance was 

done with the assistance of the University Agricultural 

Experiment Station Quantitative Studies Center. Treatment 

means were compared using the least significant difference 

(LSD) and Student-Newman-Keul's multiple range test. 



RESULTS AND DISCUSSION 

Experiment 1 

Results are shown in Table 1 and Figure 1. The fresh 

weight of root systems (RFW) , including the weight of roots 

removed in the pruning treatments was significantly higher in 

vegetative treatments than in fruiting treatments. The RFW 

of both pruned and intact fruiting plants was the same, 

whereas that of the vegetative root pruned treatment was 

higher than the vegetative root intact plants. 

It is probable that for pruned roots of vegetative 

plants, the remaining root~ retained some water during 

pruning. This explanation is feasible because root dry 

weights, (RDW) , were the same for both vegetative treat

ments. The weights of dry roots, fresh shoots, (SFW) , and 

dry shoots, (SDW) , were always significantly higher in vege

tative plants than fruiting plants. Table 1 also shows that 

cytokinin activity as measured by callus weight, (CW), was 

highest in vegetative intact plants. Fruiting intact plants 

had more cytokinin activity than fruiting pruned plants. 

However, vegetative root pruned plants were not significantly 

different in their cytokinin activity when compared to both 

intact and pruned fruiting treatments. Cytokinin activity 

30 
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Table 1 - Weights of callus, roots, and shoots of chili 
pepper as affected by root pruning and fruit 
removal. 

Plant Treatment 
Fruiting Fruiting Vegetative Vegetative 

Growth (roo.t (root (root (root 
Parameter intact) pruned) intact) pruned) 

( g) (g) ( g) ( g) 

Root 
Fresh 58.69az 57.83a 104.40b 119.80c 
Weight 

Root 
Dry 7.19a 7.18a 14.24b 15.65b 
Weight 

Shoot 
Fresh 220.40a 231.90a 376.10b 414.60b 
Weight 

Shoot 
Dry 29.30a 33.07a 66.09b 74.76b 
Weight 

CallusY O.25b O.07a O.42c O.15ab 
Weight 

YSoybean callus weight as a bioassay for cytokinin activity. 

zValues in rows followed by the same letter are not signifi
cantly different by SNK multiple range test(.05). 
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Fig. 1. Weights of callus, roots and shoots of chili pepper 
as affected by root pruning and fruit removal. 
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remained almost the same for the duration of the experiment, 

although weights of roots (fresh and dry) and shoots (fresh 

and dry) increased linearly with time (Table 2). 

Richmond and Long· (1957) presented evidence that 

roots supply a factor necessary for protein synthesis in 

leaves and that the factor may be cytokinins produced in the 

roots. Wareing et ale (1968) suggested that partial defolia

tion leads to a higher photosynthetic rate in remaining 

leaves by decreasing competition for root-produced hormones. 

This suggestion could explain results obtained. 

By keeping the plants vegetative, competition between 

the removed sinks (buds and flowers) and the rest of the 

shoot was lowered, thus the relative amount of available 

cytokinin corning from the roots was increased. The final 

product of photosynthesis is carbohydrate which is more 

available after removing the sinks and hence recycles to the 

roots. Consequently, more root growth and more sites for 

cytokinin production is expected. 

These results are· in accordance with that of Colbert 

and Beever (1981) who reported that cytokinin fluxes and 

cytokinin concentrations of bleeding sap in tobacco and 

tomato plants increased as a result of disbudding. Also, Van 

Staden and Carmi (1982) reported that in Phasolus vulgaris, 

decapitation and partial defoliation promoted cytokinin 

accumulation in the remaining leaves. Burrows (1962), 

working with peas and tomatoes, observed a close correlation 
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Table 2 - Weights of roots, shoots, and callus of chili 
pepper as affected by sampling dates. 

First Second Third 
Sampling Sampling Sampling 

Parameter date date date 

(g) (g) ( g) 

Root Fresh Weight 36.2laz 89.08b l30.20c 

Root Dry Weight 3.54a 11.83b l7.83c 

Shoot Fresh Weight 75.87a 398.30b 458.l0c 

Shoot Dry Weight ll.50a 56.l2b 84.79c 

Callus Weight O.24a O.18a Oo23a 

zValues in rows followed by the same letter are not signifi
cantly different by SNK multiple range test(.05). 
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Growth of both plant parts 

terminated simultaneously at maturation. Removal of flower 

buds extended the growth period of shoots as well as roots. 

In other species such as cucumber, (DeStigter, 1969) rates of 

root growth declined as fruits developed. These views 

support differences between vegetative and fruiting treat

ments observed in the present study. 

Wareing et ale (1968) also showed that root pruning 

caused a decrease in photosynthesis, and that photosynthetic 

rates were similar for defoliated root pruned plants. In 

respect to root pruning, the present study supports that of 

Henson and Wareing (1976) who found that cytokinin level 

decreased upon root removal. Also, Carmi and Van Staden 

(1983) noted that cytokinin level in leaves, stern, and 

partially root excised plants was much lower than in intact 

plants. 

In this study, cytokinin activity remained the same 

for the duration of the experiment. In the literature, most 

authors indicated that cytokinin activity increased during 

vegetative growth and then declined during fruit develop

ment. Beever and Woolhouse (1974) disagreed with most other 

authors in that floral induction increased cytokinin export 

from the root system. 
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Experiment 2 

Bell pepper plants grown at a range of root tempera

tures from ·15 to 30 0 C showed an increase in growth as 

measured by fresh and dry weight of shoots and roots (Table 3 

and Fig. 2). Plant growth was severely inhibited at 35 0 C. 

Elevating root-zone temperature from 25 to 30 0 C did not 

increase growth. It seems that the optimum root-zone 

temperature for growth of bell pepper plants is 25 to 30oC. 

This optimum temperature was also the best temperature for 

cytokinin activity as measured by weighing callus. 

The same pattern followed in chili pepper for root 

and shoot weights. However, for cytokinin activity bell and 

chili peppers responded differently (Table 4 and Fig. 3). 

Cytokinin activity was significantly lower at 25 0 C in bell 

pepper than at 30oC, but in chili pepper, cytokinin activity 

was the same for both temperatures (Tables 3 and 4). However, 

cytokinin activity for both peppers was similar at tempera

tures of 15, 20 and 350 C. The vegetative bell pepper plants 

grown at root-zone temperature of 20 0 C had higher cytokinin 

activity compared to those grown at 15, 20, and 35 0 C. In 

chili pepper (Table 4) vegetative plants at 20 0 C were similar 

in their cytokinin activity to fruiting plants at 20 or 25 0 C. 

These results regarding growth parameters were in 

agreement with those reported previously (Locascio and 

Warren, 1960; David and Lingle, 1961; Wilcox et al., 1962; 

Martin and Wilcox, 1963; Cooper, 1973; Jones et al., 1978; 
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Table 3 - Weights of callus, roots, and shoots of green bell 
pepper as affected by temperature. 

Parameters 
Root Root Shoot Shoot 

Temper- fresh dry fresh dry Callus 
ature weight weight weight weight weight 

(g) ( g) ( g) (g) (g) 

lSoC 34.46az 2.04b lOl.80a l2.22ab O.Ola 

20 0 C lO3.30b 6.37c 267.20b 37.llc O.08a 

2SoC l70.00c lO.4Sd 6l4.00c 7S.S8d O.32c 

300 C 197.90d 11.47d 6S0.l0c 82.1Sd O.46d 

3So C 11.S9a O.38a 3S.47a 4.40a O.OOa 

20 0 CY lOS.20b S.SSc lOl.80a 22.2Sb O.20b 
(veg. ) 

YPlants were grown vegetatively by removing the buds and 
flowers. 

zValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.OS). 
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Fig. 2. Weights of callus, roots, and shoots of green bell 
pepper as affected by temperature. 



39 

Table 4 - Weights of callus, roots, and shoots of chili 
pepper as affected by temperature. 

Parameters 
Root Root Shoot Shoot 

Temper- fresh dry fresh dry Callus 
ature weight weight weight weight weight 

(g) (g) ( g) (g) (g) 

lSoC 89.27abz 7.0Sb l64.30a 2S.74ab O.02a 

20 0 C l79.70b l2.04c SOl.70b 6S.62c O.06ab 

2SoC l69.S0b 9.86cb 707.70c lOl.30d O.30dc 

300 C l7l.20b lO.86cb S9l.40cb lO6.90d O.38d 

3SoC 7.48a O.SOa 19.44a 3.2Sa O.OOa 

20 0 CY l79.30b l2.S2c 492.30b S3.73bc O.20bc 
(veg. ) 

YPlants were grown vegetatively by removing the buds and 
flowers. 

zValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.OS). 



800 

D 

700 II 

600 

500 

:c 400 
01 

Cl> :: 

100 

Parameter Key 

Root Fresh ~ . Shoot Fresh 

Root Dry (L] Shoot Dry 

0 n m ~ ] 
20 (20) 25 30 35 

veo 
Temperature (°C) 

Temperature (°C) 

40 

[) _Callus 

Fig. 3. Weights of callus, roots and shoots of chili 
pepper as affected by temperature. 



41 

Orchard, 1980; Moorby and Graves, 1980; Hurewitz and Janes, 

1983; and Bugbee and White, 1984). Tables 5 and 6 show that 

all measured parameters increased at the second sampling date 

as compared to the first sampling date. This increase was 

expected because plants were still growing. 

It appeared that an environment which provided for 

satisfactory root growth could also benefit the shoot growth 

of the plant. In both bell and chili peppers the cytokinin 

activity was less at low root temperatures (15 and 20 0 C) than 

at high root temperatures (25 and 300 C). At very high root 

temperature (35 0 C) no cytokinin activity occurred. Atkin et 

ale (1973) reported a similar trend for maize. At very low 

root temperature (15 0 C) and at very high temperature (35 0 C) 

root systems were smaller resulting in little or no cytokinin 

synthesis (Weiss and Vaadia, 1965; Short and Torrey, 1972). 

Menhenett and wareing (1975) showed an increase in 

concentrations of gibberellins and a reduction in inhibitors 

present in exudate of tomato plants maintained at high root 

temperature. This could be happening in study situations at 

25 0 and 30 0 C. 

Hurewitz and Janes (1983) reported that as root-zone 

temperature increased, translocation rates into sinks (roots) 

increased which correlated well with carbon exchange rates of 

leaves supplying those roots. 



Table S - Weights of roots, shoots, and callus of bell 
pepper as affected by sampling dates. 
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Parameters First Sampling Second Sampling 

( g) (g) 

Root Fresh Weight 72.93az 134.70b 

Root Dry Weight 4.0Sa 8.04b 

Shoot Fresh Weight 13.20a 471.20b 

Shoot Dry Weight 17.32a 60.S8b 

Callus Weight O.lSa O.22b 

zValues in rows followed by the same letter are not signifi
cantly different by SNK multiple range test(.OS). 



Table 6 - Weights of roots, shoots, and callus of chili 
pepper as affected by sampling dates. 
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Parameters First Sampling Second Sampling 

( g) ( g) 

Root Fresh Weight 7S.87az 189.70b 

Root Dry Weight S.36a 12.2Sb 

Shoot Fresh Weight 174.00a 651.60b 

Shoot Dry Weight 26.76a 92.08b 

Callus Weight O.13a O.19b 

zValues in rows followed by the same letter are not signifi
cantly different by SNK multiple range test(.OS). 
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Experiment 3 

cytex® addi tions to roots had an' inconsistant and 

statistically nonsignificant effect on growth parameters, 

cytokinin levels, and yield at both concentrations studied 

for bell and chili peppers (Tables 7 and 8, and Figs. 4 and 

5) • 

Contradictory results were found in the literature 

regarding hormone applications to the roots. Wittwer and 

Dedolph (1963) found a significant reduction in dry matter 

accumulation of aerial parts and in heights of tomato, 

cucumber, and pea plants when kinetin was incorporated into 

the culture solution root medium in concentrations ranging 

from 10-5 to 10-7M. Menary and Van Staden (1976) showed that 

applications of kinetin to the growing medium increased 

flower numbers on tomato plants which suffered from phos-

phorus deficiency. Arteca (1982) reported that kinetin 

application to roots of tomato at concentrations of 5x10-2 , 

5x10- 5 , 5x10- 6 ppm increased relative growth rates, leaf 

areas and total plant dry weights. In contrast, Bugbee and 

White (1984) found that kinetin applied to nutrient solutions 

at concentrations of 4.6, 23, 46 and 230 .u.M had no signifi

cant effect on fresh and dry weights of shoots and roots of 

tomato. 

Wittwer and Dedolph (1963) showed that direct 

application of kinetin to roots inhanced root growth. This 

view was supported by McDavid et al. (1973) who found that 



45 

Table 7 - Weight of callus, roots, shoots,~and yield of green 
bell pepper as affected by Cyte~ application to 
the roots. 

Parameters 
Yield 

Root Root Shoot Shoot 
Treat- Fresh Dry Fresh Dry Callus Number 

mentZ Weight Weight Weight Weight Weight of Weight 
(g) (g) (g) (g) (g) Fruits (g) 

1X 126.00aY 25.00a 521.20a 168.20a O.06a 7.83a 487.30a 

2X 161.50a 30.67b 596.30a 182.20b O.07a 9.50a 832.30a 

Control 169.00a 31.00b 689.50a 184.30b O.05a 19.83a 836.20a 

YValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.05). 

zlX= cyte~applied to the roots at the concentration of 
3.8 liters/.00405 km 2 

2X= cyte~applied to the roots at the concentration of 
7.6 liters/.00405 km2 

Control= No cyte~applied to the roots. 
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Fig. 4. Weigh°i:s of roots, shoots, aJld callus of green bell 
pepper as affected by Cyte~application to the 
roots. 
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Table 8 - Weights of callus, roots, shoots, and yield of 
chili pepper as affected by cyte~application to 
the roots. 

Parameters 
Yield 

Root Root Shoot Shoot 
Treat- Fresh Dry Fresh Dry Callus Number 

mentZ Weight Weight Weight Weight Weight of Weight 
(g) (g) (g) (g) (g) Fruits (g) 

1X 97.00aY 24.S0a 669.S0a 211.70a O.06a 12.67a 338.80a 

2X 98.83a 26.83a 69S.70a 217.S0a O.06a 8.67a 484.70a 

Control 102.30a 27.33a 720.30a 233.20b O.06a 22.67a S47.S0a 

YValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.OS). 

zlX= cyte~ applied to the roots at the concentration of 
3.8 liters/.0040S km2 

2X= cytexIDapplied to the roots at the concentration of 
7.6 liters/.0040S km2 

Control= No cytexIDapplied to the roots. 
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reduction of root growth was not a direct effect of BAP, but 

rather a result of a reduction in the supply of assimilates 

to roots from shoots which were treated with BAP. Shindy and 

Weaver (1970) and Ogawa and King (1979) suggested that 

cytokinins act as mobilizing agents, directing the movement 

of nutrients and metabolites to areas of the plant treated 

with the growth substance. Results of Wittwer and Dedolph 

(1963) and McDavid et ale (1973) are consistant with the 

foregoing suggestion. 

A few possibilities might explain the results of the 

present study. Since cyte~ was applied to the soil, there 

is suspicion that many soil imposed variables such as cation 

fixation, microorganism destruction, leaching and unequal 

distribution of the applied hormone occurred. cyte~concen

trations may also have been too low to exert an effect, or 

perhaps no cyte~uptake occurred. 

Experiment 4 

Foliar application of cytex~or BursBID to field grown 

bell pepper cv. 'California Wonder' had no significant effect 

on yields as measured by the number of fruits and their 

weights (Tables 9 and 10, and Figs. 6 and 7). No literature 

has been pub 1 i shed about the use of Burst®. However, Tim 

Hartz, the Extension Vegetable Specialist at the Texas 

Weslaco Experiment Station, reported locally that application 

of Burst® to cantaloupe and watermelon in accordance with 
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label directions was of no benefit in production of these 

crops. 

For cytex®, Blunden and Wildgoose (1977) reported 

that foliar applications produced a significant increase in 

yield with the potato cultivar 'King Edward', but had no 

significant effect on yield of the cultivar 'Pentland Dell'. 

Foliar application of cyte~ at 10 ml/liter and 15 ml/liter 

had no effect on tuber number, but the total yield of 

'Kennebec' .potato cultivar was increased when cyte~ at 15-

ml/liter was applied during the initial stages of tuberiza

tion (Long and Longille, 1984). Conversely, Cyte~applica

tion had no effect on yields of the potato cultivar 'Russet 

Burbank' (Dewelle and Hurley, 1984) or on the onion cultivar 

'Pukekohe Longkeeper' (McGeary and Birkenhead, 1984). The 

results of these experiments are in agreement with the latter 

authors. 

It has been proposed (Ogawa and King, 1979) that 

effects of BA in flowering of Pharbitis were not direct, 

but indirect on the assimilate, and consequently on the 

transport of the stimulus which moves with the assimilate. 

One conclusion was that endogenous levels of cytokinin have 

to be at optimum or sUboptimum level at least at the time of 

application to interact with the exogenous application of 

cytokinin to exert its effect. Perhaps the exogenous 

cytokinin concentration is not enough to influence the 

exogenous cytokinin and consequently the yield. It is also 
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Table 9 - Marketable and unmarketable yields of green bel~ 
pepper as affected by foliar application of Cyte~ 
in Cochise County, 1984. 

Marketable y Unmarketable 
TreatmentZ Weight (kg.) I Number Weight (kg.) I Number 

Control 1.60ax 13.30a 2.72a 36.70a 

1X 3.00a 24.00a 2.63a 34.30a 

2X 1.86a 17.00a 2.59a 35.00a 

1X+1X 1.95a 15.30a 2.54a 35.00a 

2X+2X 3.00a 23.70a 2.68a 35.30a 

xValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.05). 

YMarketable vs. unmarketable based on size and presence or 
absence of blemishes. 

zlX= Cyte~applied at the concentration of 3.8 liters/.00405 
km2 • 

2X= Cyte~applied at the concentration of 7.6 liters/.00405 
km2 • . 

1X+1X= C~tex® applied at the concentration of 3.8 liters/ 
.00405 km plus the same concentration 2 weeks later. 

2X+2X= C~te~ applied at the concentration of 7.6 liters/ 
.00405 km plus the same concentration 2 weeks later. 
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Table 10- Marketable and unmarketable yields of green bell 
pepper as affected by foliar application of Burst® 
in Cochise County, 1984. 

Marketable Y Unmarketable 
TreatmentZ Welght (kg.) I Number Welght (kg.) I Number 

Control 2.04ax 16.70a 2.81a 37.30a 

1X 3.13a 23.00a 2.63a 33.70a 

1X+1X 3.27a 24.70a 2.36a 32.00a 

2X 3.31a 25.30a 3.13a 38.30a 

2X+2X 3.00a 22.70a 2.86a 35.70a 

xValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.05). 

YMarketable vs. unmarketable based on size and presence or 
absence of blemishes. 

ZlX= .118 liter/.00405 km 2 applied at sixth leaf stage. 

1X+1X= .118 liter/.00405 km2 applied at sixth leaf stage 
plus .118 liter/.00405 km2 applied 2 weeks later. 

2X= .237 liter/.00405 km 2 applied at the sixth leaf stage. 

2X+2X= .237 liter/.00405 km 2 applied at sixth leaf stage 
plus .237 liter/.00405 km2 applied 2 weeks later. 
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possible that the hormone is not absorbed because of weather 

conditions or leaf anatomy. Abetz (1980) stated "increased 

yields through the use of seaweed extracts have been observed 

in the field, particularly where a crop has been struggling 

owing to adverse environmental conditions". Perhaps in this 

situation the field conditions were ideal and there was no 

limiting factor during the growing season of pepper in 

Cochise County. It is also possible that potato cultivars 

responded differently to cytex® application because of the 

genetic variability (Dwelle and Hurley, 1984). The same may 

be true for this study also. 

Experiments 5 and 6 

Supplying cytokinin to the roots gives us the oppor

tunity to affect the physiology of the plants more directly 

and to avoid the variability associated with foliar applica

tion such as leaf anatomy and weather conditions. 

Results of experiments 5 and 6 are shown on Tables 

11 and 12. Burst(Dor kinetin additions to nutrient solutions 

had inconsistent and statistically nonsignificant effect on 

photosynthesis and transpiration at the concentration 

studied. The only comparable report to this work was that 

of Garrison et ale (1984). They reported that stomatal 

resistance was lower when zeatin (3x10- 7M) was present in the 

nutrient medium. They added that solution uptake (trans

piration) was high and was not affected by zeatin during the 
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first several days after root excision. At 10 days after 

root excision, solution uptake without added zeatin began to 

decline while that with added zeatin remained at a fairly 

constant level. 

Dong and Arteca (1981) found that kinetin applied to 

tomato roots at 0.47 gM (up to 2 days) had a stimulatory 

effect for two days on photosynthesis, relative growth rate 

and total plant dry weight, but after that there was a sharp 

decrease in these parameters. This was confirmed by Arteca 

(1982) when he found that kinetin application to roots of 

tomato at different concentrations (5x10- 2 , 5x10-4 , 5x10-5 

ppm) increased the relative growth, total leaf area and total 

plant dry weight. All of these above results are consistent 

with the results of Dong and Arteca (1982) and David and 

Potter (1981) who found that application of kinetin to 

the roots of tomato plants grown hydroponically stimulated 

photosynthesis and growth. 

Dong and Arteca (1981) explained the increase in 

photosynthesis following kinetin application as due to the 

decrease in stomatal resistance and thereby increasing usage 

of C02 by leaf ribulose-biphosphate carboxylase (RuBp-case). 

This usage may be promoted and the wasteful effects of 

photorespiration (RuBp-oxygenase) suppressed. They also 

added that kinetin application may enhance mineral uptake and 

hence provide the leaf with necessary elements for many 

enzymatic reactions. In this experiment, plants treated with 
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Table 11- Effects of root-applied BurseID on photosynthesis 
and transpiration of green pepper grown in hydro
ponic solutions. 

TreatmentZ Photosynthesis Transpiration 

ug/cm2/S 

1X 12.56aY 8.33b 

2X 10.85a 3.74a 

Control 12.76a 10.15b 

YValues in columns followed by the same letter are not 
significantly different at SNK multiple range test(.05). 

zlX= Burs~ was added to the nutrient solution at concentra
tion of 1/500. 

2X= Burst® was added at concentration of 1/200. 

Control= No Burst~was added. 
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Table 12- Effects of root-applied kinetin on photosynthesis 
and transpiration of green pepper grown in hydro
ponic solutions. 

TreatrnentZ 

1X 

2X 

Control 

Photosynthesis 

Mg C02/dm2 hr 

12.14aY 

11.77a 

12.76a 

Transpiration 

ug/cm2/S 

17.43a 

17.53a 

16.67a 

YValues in columns followed by the same letter are not 
significantly different by SNK multiple range test(.05). 

zlX= Kinetin at 0.001 UM was added to the nutrient solution. 

2X= Kinetin at 0.01 uM was added. 

Control= No kinetin was added. 
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higher concentration of Burst® were wilted visibly the week 

after application, but then recovered. This wilting was 

observed by the significant reduction in transpiration. 

It is possible that concentrations of hormones used 

were not optimum for roots of pepper plants. It is also 

possible that these hormones were not effective because of 

too little or no uptake or degredation of the material 

applied. 



GENERAL DISCUSSION AND CONCLUSIONS 

The importance of the root system to plant growth and 

development is well recognized. Cytokinins are synthesized 

in roots and translocated to the shoot via the xylem sap. 

Many reports indicate the occurrence of a measurable reduc

tion in cytokinin activity in root exudate and in growth 

parameters when plant roots are subjected to unfavorable 

environmental conditions. 

The problem is to determine the mechanism by which 

environmental factors and applied growth regulators affect 

cytokinin production in roots and growth parameters of 

the shoots. The focal point here is the mechanism by which 

alteration in fruit load, root pruning, root temperature, and 

exogenously applied growth regulators influence growth and 

development. This study was done on the hypothesis that by 

changing the environmental conditions around the roots, 

cytokinin production and translocation would be altered 

resulting in a desirable physiological response. 

From the first experiment three facts emerged. 

First, fresh and dry weights of shoots and roots of vegeta

tive plants were significantly higher than of fruiting 

plants. Second, vegetative treatments had more cytokinin 

activity compared to the fruiting treatments. Third, in 
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root-pruned fruiting plants, cytokinin activity was less than 

in root-intact fruiting plants. 

It seems that by keeping the plants vegetative there 

was a reduction in the competition between removed sinks and 

the rest of the shoot and, hence, more cytokinin was avail

able for the shoots. Furthermore, the available carbo

hydrates in the shoots after removing the sinks recycle to 

the roots and consequently support more growth and more sites 

for cytokinin production. 

From these results, it is clear that the root 

temperature had an effect on cytokinin activity and shoot 

growth. Elevating temperature from 15 to 300 C produced a 

pronounced increase in growth rate and cytokinin activity. 

The measured parameters declined when temperature exceeded 

30 o C. It was found that temperature between 2SoC and 300 C 

was the optimum for pepper growth. It appeared that an 

environment which provided for satisfactory root growth would 

also benefit the shoot growth of the plant. Cool root-zone 

temperatures are capable of stimulating plant growth because 

of vital temperature dep~ndent processes in the root which 

exert control over shoot as well as root activities. Cole 

(1969) indicated the responsibility of the roots for the 

perception of high temperatures and that the heat symptoms on 

the plant are due to a thermally induced deficiency of 

produced substances by the roots. 
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The results showed that Cyte~ additions to pepper 

roots grown in soil mix had an inconsistant and statistically 

non~ignificant effect on growth parameters, cytokinin acti

vity, and yield. Since cyte~was applied to the soil, there 

is suspicion that many soil imposed variables played a 

part. It is also possible that the concentration was too low 

to exert its effect, or that not enough was taken into the 

plant. 

In a following study, foliar application of cyte~or 

Burst® had no significant effect on yield as measured by the 

number of fruits and their weight. The time of application 

was thought to be very important to cause this effect. To 

obtain the beneficial results of the applied cytokinin, the 

exogenous cytokinin has to be at a certain level, likely when 

the plants are not producing enough cytokinin. It is also 

possible that the applied cytokinins are not absorbed at all 

due to weather conditions or leaf anatomy. It is pr~posed 

that the beneficial results of applied cytokinins can be 

obtained when there is a limiting iactor. At the time of 

this experiment, no limiting factors were recognized. 

With foliar application, variability was influenced 

by the leaf anatomy, particularly the cuticle layer, and by 

weather conditions which affected the activity of the spray. 

This may be overcome by applying cytokinins to the roots. 

However, there were inconsistent and nonsignificant effects 

on photosynthesis and transpiration when cytokinin was 
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applied in the nutrient solution. Possibly the concentra

tions were not optimum for ~8ppers or perhaps there was no 

uptake, or some degradation of these cytokinins occurred. 

In arid lands where water stress conditions occur, 

the root system is impaired and restricted. Also, in these 

regions root temperatures are usually high. A water stress 

caused by root pruning and higher temperatures reduced 

cytokinin activity in the roots and the growth rates of 

pepper plants. 

In spite of the fact that these results did not show 

the positive effects of exogenously applied cytokinins, 

further investigations need to be made by using a range of 

different concentrations and at different intervals of time, 

since the time of application is very essential. For further 

studies, the investigation of the interaction betw :n 

temperature and applied cytokinins is suggested. This can be 

done by supplying cytokinins to the roots grown in nutrient 

medium at different temperatures. Altering the shoot 

temperature in combination with root temperature could be a 

potential for these studies. 

We are not certain whether or not there was uptake of 

the applied cytokinins. .The nutrient medium needs to be 

assayed before and after cytokinin application at different 

intervals. In this respect, the use of radioactive materials 

will be very helpful in detecting these compounds in dif

ferent parts of the plant. 
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Since beneficial results of using commercial products 

were proposed when there is a nutrient limiting factor, 

experiments need to be conducted by growing plants with 

different nutrient deficiencies and seeing if the applied 

cytokinins will overcome these deficiencies. 

It is conceivable that with a better understanding of 

cytokinin functions under stress conditions, we could improve 

crop production in arid lands by overcoming problems asso-

ciated with water stress and high temperatures. Drip 

irrigation is becoming important in areas where these stress 

condition exist and this may become a practical way of adding 

cytokinins and other growth regulators to the plants. 



SUMMARY 

Water and temperature play an important role in vege

table production of arid lands. The objective of this 

study was to determine the effect of certain conditions on 

cytokinin production and the resulting growth of pepper 

plants. Experiments were designed to examine these factors 

in the field and greenhouse in Arizona. The cultivar 'Yolo 

Wonder' was used as a green bell pepper type and 'New Mexico 

6-4' was used as a chili pepper. For the farm experiment the 

cultivar 'California Wonder' was used as green bell pepper. 

Research showed that vegetative plants were signifi

cantly higher in their cytokinin activity and growth para

meters than the fruiting plants. Also, in root-pruned 

fruiting plants, the cytokinin activity was less than that of 

intact fruiting plants. In vegetative plants, the competi-

tion between removed sinks and the rest of the shoot was 

reduced and, hence, more cytokinin came from the roots to the 

shoots. Besides, the carbohydrates were available and 

recycled to the roots. 

In respect to the temperature experiments, elevating 

temperature from 15 to 30 0 e had a pronounced effect of 

increasing the growth rate and ~ytokinin activity. The 
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measured parameters declined when temperature exceeded 30oC. 

It was found that temperature between 25 and 300 C was the 

optimum for peppers. 

Under experimental conditions, growth regulators 

(cyteX® and Burst~ applied to the soil or foliage had no 

significant effect on growth rates or cytokinin activity in 

the roots. Also, applying Burs~ or kinetin to the nutrient 

medium had inconsistent and statistically nonsignificant 

effects on photosynthesis and transpiration. 

It is obvious that root pruning and higher tempera

ture decreased the cytokinin activity in the roots, but 

studies need to be continued to find the optimum concentra

tion and the best time for application of cytokinins to 

obtain beneficial results. 
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