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ABSTRACT 

The effects of indole butyric acid (IBA) alone and 

in combination with dimethyl sulfoxide (DMSO) on the 

grafting success, rooting, and callus proliferation at the 

graft unions of Vitis champini 'Dog-Ridge' benchgrafts 

were investigated. 

The highest percentage of rooting and grafting 

success was obtained following treatments with IBA 

combined with DMSO. Optimum concentrations were 1000 ppm 

IBA with 10 or 15 % (v/v) DMSO and 200 or 600 ppm IBA with 

15 % DMSO. 

The treatment 1200 ppm IBA with 15 % (v/v) DMSO 

was detrimental for grafts resulting in a drastic decline 

of grafting success and rooting. 

Strength of the grafts and callus proliferation at 

the graft unions were not affected by any of the 

treatments. 



INTRODUCTION 

Vitis vinifera is the predominant grape species 

for the production of high quality wine and table grapes. 

More than 90% of the world's grape production is from 

Vitis vinifera. The root-knot nematode (Meloidoqyne spp) 

limits the production of Vitis vinifera in light textured 

soils. Weak vegetative growth, premature vine decline and 

reduction in productivity are common symptoms of nematode 

infestation. Use of rootstocks from native species of 

American grapes has provided a means of resisting the 

root-knot nematode. Field trials in California with 

hybrids or varieties of these native species have demon

strated their value as root-knot resistant rootstocks. 

Nematode-resistant stocks differ considerably in vigor, 

and in their effects on fruit quality for both table and 

wine grapes. Thus the proper choice of stock best suited 

for a variety and vineyard situation is important. In 

sandy nematode-infested soils, vines grafted upon non 

vigorous stocks have low yields due to insufficient vigor. 

'Dog-Ridge', a clonal variety originating as a seedling of 

a wild American species (Vitis champini), possesses 

extreme vigor and a high tolerance to the root-knot 

nematode. 'Doq-Ridqe' seems to be a potentially useful 

1 
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rootstock in very light soils, especially those low in 

fertility which favor heavy infestations of root-knot 

nematodes. Manageable growth and quality fruit have been 

produced from productive varieties grafted onto * Dog-

Ridge' in porous soils heavily infested with nematodes. 

However, 'Dog-Ridge' cuttings root with great difficulty 

which hampers unrooted bench graft propagation. This 

problem has limited the successful commercial utilization 

of 'Dog-Ridge' stock. 

Auxins have been used to promote rooting of grape 

rootstocks. Auxins such as indole butyric acid (IBA) can 

induce rooting of grapevines and enhance the success of 

benchgrafts. Although auxins are known to promote callus 

formation, the use of IBA on wound grafts to promote 

healing has given inconclusive results, perhaps due to 

poor penetration. 

The chemical dimethyl sulfoxide (DMSO) is often 

used as a solvent for polar compounds. DMSO has been found 

to be a good penetrating agent with low toxicity in 

trials on several biological systems. DMSO might be used 

in grape to improve the penetration of growth regulators 

such as IBA and thereby enhance root formation and promote 

graft healing, resulting in better grafting success. 
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The objective of this study was to test the hypo

thesis that DMSO could be used as a solvent and penetra

ting agent in combination with IBA to improve the effi

ciency of "Dog-Ridge1 benchgrafts. 

The purposes of this study were to: 

1„ Determine the effect of several combinations of 

IBA and DMSO on: 

a/ benchgraft success 

b/ strength of graft unions formed 

c/ rooting of benchgrafts 

d/ callus proliferation at the graft unions 

2. Determine the influence of scion diameter on 

callus proliferation at the graft unions. 



REVIEW OF LITERATURE 

Desirable cultivars of Vitis vinifera have limited 

or no tolerance to the plant parasitic root knot nematodes 

(Meloidoqyne spp). These nematodes are recognized as 

important pests. They occur in diverse soil types but 

injury is greater in light coarse textured soils than in 

loam and clay soils (Raski, Hart and Kasimatis 1965). The 

warm, sandy soils seem to be favorable for the multipli

cation and spread of root knot nematodes (Winkler, Cook 

and Kliewer 1974). Nematode irradication measures such as 

fumigation have been tested on an extensive scale in 

recent years. No control measuce however, has yet 

erradicated nematodes on a field scale. The most effective 

solution employed by vineyard growers in very porous soils 

is the use of nematode-resistant rootstocks. However, the 

successful commercial utilization of 'Dog-Ridge' rootstock 

is limited by inefficient propagation methods. 

The following is an overview of the work relating 

to auxins and plant propagation, with emphasis on work 

done on grapevines. This review will be divided into 

several sections which deal with: (1) the performance of 

'Dog-Ridge' rootstock in nematode-infested soils; 

(2) benchgrafting; (3) the effects of auxins on rooting, 

4 
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benchgraft success and wound healing; and (4) the use of 

DMSO as a solvent carrier in biological systems. 

Performance of 'Dog-Ridge' 

Over the past decades, numerous native wild 

American species have been intensively studied for their 

suitability as rootstocks. Neal (1889) published the first 

report relative to the nematode resistance of native Vitis 

species, and suggested the use of these species as root-

stocks for commercial vineyards. The commercial potential 

of nematode-resistant rootstocks was evaluated by Snyder 

(1936). Snyder examined 150 varieties of commercial Vitis 

vinifera as well as American species in soils heavily 

infested with nematodes. He observed that all Vitis 

vinifera species were heavily infested whereas perfor

mances of American species ranged from low to high 

resistance. Among them, 'Dog-Ridge' a clonal variety 

originating from Vitis champini showed a high resistance 

to nematodes. Later, Snyder and Harmon (1948) conducted 

trials with scion varieties grafted onto different root-

stocks. They found that the nematode resistant stocks, 

when evaluated under commercial vineyard conditions, were 

capable of vigorous growth and good fruit production. 

xDog-Ridge' was judged to be the most productive root-

stock. This work was confirmed by Harmon and Snyder 
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(1952). In a trial established on sandy soils infested 

with nematodes, 'Dog-Ridge' rootstock in combination with 

different scion varieties gave the most vigorous growth. 

Sauer (1972) reported that 'Dog-Ridge', on porous nematode 

infested soils produced the most vigorous growth whereas 

less vigorous stocks failed. However, the extreme vigor of 

'Dog-Ridge* rootstock causes poor fruit set. Lider (1958) 

noted that the quality of fruit on 'Dog-Ridge* was 

inferior to own-rooted vines or less vigorous rootstocks. 

Because of its vigor, 'Dog-Ridge' appears to be suitable 

for high yielding wine and raisin grapes on low fertility 

soils (Lider 1960). By replacing weakened own-rooted vines 

with vigorous rootstocks in areas of heavy nematode 

infestation and on sandy soils of low fertility, good 

production and quality fruit are insured with 'Dog-Ridge' 

stock (Hartman and Kester 1975). 

Bench Grafting 

Benchgrafting is the most common method for 

grapevine propagation (Hartman and Kester 1975, Winkler et 

al. 1974). Scions are grafted on either rooted or unrooted 

stocks. Benchgrafting offers advantages over the field 

grafting method because it requires less time. Also a more 

uniform stand can be obtained when vineyards are planted 

with grafted nursery plants. 
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Harmon and Weinberger (1963) working on grapevine 

benchgrafting, reported that benchgrafting could be per

formed with satisfaction any time during the dormant 

season. They found that the survival of the grafts made in 

early December was 76 %, in January 85 % and in early 

February 96 %. They explained the higher grafting success 

in February by bud conditions which allowed immediate 

growth upon exposure to favorable temperatures. They also 

stated that holding the grafts at 10°C for three weeks for 

callusing was not beneficial except when the scions were 

waxed and planted with the scions exposed. Shippy (1930) 

studied the effect of the environment on callus 

development of apple grafts. He found that temperature had 

a pronounced effect on the formation of callus. No callus 

was formed below 0°C or above 40°C. Between 4°C and 32°C, 

the rate of callus increased proportionally to the tempe

rature. However, temperature effects on callus formation 

in grape are different than effects that Shippy reported 

for apple. Hartman and Kester (1975) found that optimum 

callus formation of benchgrafted grapes occured at a 

temperature of 24°C to 27°C. Temperatures above 29°C 

resulted in excessive formation of callus tissue which was 

easily injured during the planting operation. Callus 

formation was slow at temperatures less than 21°c and 

ceased at 5°C. These results indicate that callusing may 
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be allowed to proceed slowly for several months by storing 

the grafts at low temperatures (7°C to 10°C) or if rapid 

callusing is desired, grafts should be kept at higher 

temperatures (24°c to 27°C). 

Keeping grafts moist during callus formation was 

found essential for success of benchgrafting (Harmon and 

Weinberger 1963). 

Caponetti, Hall and Farmer (1971) studied the 

effects of the environment on ̂ _n vitro callus culture of 

Prunus species. They obtained larger callus in darkness 

than in light for some cherry clones. They concluded that 

light inhibited callus development. 

Oxygen has been found necessary for the production 

of callus tissue at graft unions. Shippy (1930) found that 

oxygen was a requirement for the success of apple grafts. 

He postulated that rapid cell division and growth were 

accompanied by high respiration rates which required 

oxygen. This study was confirmed on grapes by Hartman and 

Kester (1975). They obtained better graft unions if the 

grafts were unwaxed and kept in a well-moistened medium to 

prevent dessication. 

Several researchers have described callusing 

techniques suitable for grapevine benchgrafting. American 

benchgrafting techniques suggested covering the graft 

unions with sawdust and scions with a rooting medium 
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(Bradt and Hutchinson 1970 and Jacob 1936). In a four 

year study, Bradt and Hutchinson (1970) evaluated the 

effect of covering benchgrafts with sawdust. They reported 

a low percentage of survival of 27 % for benchgrafts of 

'Kober 5BB', 33% for 'SO-4' and 41.7 % for 'Coudrec 3309'. 

Other results indicate that covering graft unions with 

sawdust is not beneficial under conditions where the 

rooting medium is kept moist (Alley 1974, Loenholdt 1970, 

and Romberger, Haesseler and Bergman 1979). 

Effects of Auxins on Rooting 

Sachs (1880) obtained evidence that young leaves 

and active buds stimulated root initiation. He suggested 

that a rhizogenic subtance produced in leaves and buds was 

translocated down the stem to promote root formation. In 

1934, Thimann and Went established that auxin was a 

principal rooting hormone of plants. Spiegel (1951) was 

the first to identify the natural auxin in grapevine 

cuttings as being indole acetic acid (IAA). 

The determination of the conditions promoting root 

formation has been the subject of many investigations and 

several theories about rhizogenesis have been proposed. On 

the basis of experiments with etiolated peas, Went (1938) 

postulated the existence of an accessory hormone essential 

for root formation called "rhizocaline". He hypothesized 



that "rhizocaline" was produced in illuminated leaves and 

activated or redistributed under the influence of natural 

or applied auxins. Went also postulated that the polar 

transport of auxin caused the auxin to accumulate at the 

base of a cutting and the resulting gradient caused a 

downward movement of "rhizocaline" towards the base of the 

cuttings. The accumulation of "rhizocaline" and auxin at 

the base of the cuttings acted together to promote root 

formation. 

Bouillenne and Bouillenne-Walrand (1955) proposed 

that "rhizocaline", the stimulating substance was composed 

of three components: 1/ a specific factor, translocated 

from the leaves; 2/ a non specific factor, auxins and 

3/ a specific enzyme located in the cells of certain 

sensitive tissues that activates the specific factors and 

auxins. 

Hess (1961) was the first to identify root promo

ting substances other than auxins, which he named 

cofactors 1, 2, 3 and 4. These cofactors are naturally 

occuring substances in the juvenile form of 'English Ivy' 

(Hedera helix). Hess suggested that these cofactors acted 

synergistically with auxins to promote rooting. One of the 

cofactors was identified as oxygenated terpenoids 

(cofactor 4). Cofactor 3 was identified as chlorogenic 

acid (Hess 1965 ). 
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Kawase (1964) investigated the effect of diffusate 

obtained from willow cuttings after centrifugation in 

respect to the "rhizocaline" hypothesis. By applying the 

diffusate to mung bean stems, he obtained strong root 

formation. He concluded that the rooting substance in the 

diffusate was similar to "rhizocaline". 

However, an increasing amount of evidence suggests 

that levels of cofactors and auxins do not always 

correlate with rooting as is evidenced by differences in 

rootability among chrysanthemum cultivars (Zondag 1972). 

Zondag's results support the theory of Hartman and Kester 

(1975) which proposes that an enzyme is necessary to 

complex auxins and cofactors and thereby provide the 

primary stimulus for root initiation. Recently, Bassuk 

(1980) has isolated a polyphenolic oxidase enzyme from 

apple cuttings which when added in crude preparation to 

apple cuttings improved rootability at times when cuttings 

would not root. This enzyme has not been purified and it 

is not effective in all plants where it has been tested. 

However, Bassuk (1980) still contends that auxins, 

cofactors, and a complexing enzyme are all needed for root 

initiation and without all three, rooting will not occur. 

Softwood cuttings produce large amounts of auxins 

and additional application of auxins may be helpful but 

not necessary for rooting. However, in dormant hardwood 



cuttings, levels of auxins are not large and exogenous 

applications of auxins have been very effective in 

promoting rooting (Tukey Jr. 1979). 

The rooting response can be divided into two 

phases, initiation of new roots and elongation of the 

initials into roots (Albert 1975). Haissig (1970) investi

gated the influence of auxins on the initiation and early 

development of root primordia. He found that IAA influ

enced the initiation of root primordia in brittle willow 

(Salix fragilis, L.). Both formation and subsequent growth 

of the primordia were influenced by auxins. However, the 

influence of auxins on the formation of primordia was 

greater than on root growth. Haissig also reported that 

not only IAA but other factors as well were required for 

root primordium initiation. IAA could not induce root 

primordium formation unless competent cells were present. 

Once such inducible cells were available, a potential site 

of action for IAA was established. Haissig (1974) found 

that many woody species (apples, willow, 'Lombardy' 

poplar) developed adventitious roots from divisions of an 

outer layer of phloem after auxin stimulation from 

exogenously applied auxins. According to Haissig, the 

potential for adventitious rooting increased with the 

"predisposition" of cuttings to root. Cuttings were 

predisposed to root after minimum anatomical and 
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physiological states had been reached. Various types of 

cells form root primordium initials depending on the 

species and type of cuttings. However, only a few cells of 

an anatomically suitable type within a cutting would form 

root initials which indicated a need for a proper physio

logical status created by an endogenous auxin and an 

endogenous non-auxin stimulus. He concluded that the 

presence of competent cells was part of the minimum status 

that predisposed cuttings to root. 

Gyrouard (1967) studied the initiation of roots on 

cuttings of several woody plants and found that in most 

cases the initiation of adventitious roots took place 

after the cuttings were made. Gyrouard postulated that the 

origin of adventitious roots was in specific groups of 

cells which became meristematic. Similar results were 

reported for Pi sum sativum and Vicia fabae, where root 

primordia were initiated from competent cells that existed 

at the time a cutting was severed (Friedman, Altman and 

Zamiski 1979). 

Lider (1960) noted that adventitious roots formed 

readily on cuttings from Vitis vinifera while cuttings of 

American vines and hybrids often required treatments to 

stimulate a moderate root initiation. Chapman (1976) 

reported that the technique of callusing 'Dog-Ridge' 

cuttings in a media and then planting into a nursery have 
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given only 10.3 % success under Australian conditions. 

Alley and Peterson (1977) evaluated cuttings of several 

grape cultivars and found that the time for formation of 

roots on freshly made cuttings ranged from 10 to 25 days. 

However, 'Dog- Ridge', required a much longer period of 

time to root compared to other grape species from this 

study. Alley and Peterson suggested that the slow rooting 

of 'Dog-Ridge' was due to a high concentration of water 

soluble inhibitors of rooting. These water soluble 

inhibitors were reported by Spiegel (1955) from studies 

with '4IB', a grapevine rootstock which roots poorly. The 

inhibitors found by Spiegel could be leached out of the 

cuttings by steeping in water. 

Gorter (1968) considered adventitious root 

formation as a sequence of three processes. The first is a 

dedifferentiation of a normal, differentiated cell. This 

cell starts to divide on its own and the daughter cells 

continue to divide. The first irregular division is 

followed by regular divisions which lead to the formation 

of an organized meristem and later to the formation of 

root primordium. Auxins influence the dedifferentiation of 

the cells and the formation of cell mass. Whether the 

arrangement of cells into an organized meristem is 

influenced by auxins is unknown. However, differentiation 

into root primordium is regulated by auxins (Gorter 1968). 



Use of Synthetic Growth Regulators in Rooting 

The discovery of plant growth regulators stim

ulated many studies which sought to use growth substances 

to improve the rooting of succulent, softwood and hardwood 

cuttings. Indole butyric acid (IBA) and naphtalene acetic 

acid (NAA) have proven to be the most reliable rooting 

compounds and are commonly used in nursery practices 

(Hartman and Kester 1975). 

At the present time little is known about the mode 

of action of IBA in promoting root formation. It has been 

suggested that IBA breaks down to produce IAA which is the 

endogenous active auxin within the plant and thereby in

creases the total auxin content of a cutting to a thres

hold level required for root formation (Fawcett, Wain and 

Wightman 1958). However, synthetic auxins such as IBA are 

usually more effective than IAA apparently because they 

are not destroyed by IAA oxidase or other enzymes and 

therefore persist longer in the plants (Hartman and Kester 

1975). Furthermore, Tustin (1976) found that many cuttings 

will not root by simply applying IBA to the cutting base 

if endogenous IAA levels were low. When endogenous IAA 

concentration were increased, the exogenous IBA promoted 

root formation. Tustin suggested that IBA might have 

another function rather than simply elevating the total 

auxin level to that which was required for root formation. 
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Many authors have discussed the effects of synthe

tic auxins on promotion of rooting in cuttings. Thimann 

and Koeplfi (1935) found that synthetic auxins (IAA) not 

only promoted growth by cell elongation but also caused 

root formation in pea cuttings. Cooper (1938) confirmed 

this study on lemon (Citrus spp), and lantana (Lantana 

spp) stem cuttings. Cooper found that IAA treatment 

improved rooting of lemon cuttings over controls and 

stimulated the formation of roots on leafless lemon 

cuttings which would not ordinarly root. 

Rodriguez (1957) investigated the effectiveness of 

IBA and NAA on the rooting of difficult to root Vitis 

species. He reported that a 24 hour-soak of cuttings in 

IBA or NAA improved the rooting of cuttings. This work was 

confirmed by Alley (1961) in his study on 'Salt Creek' and 

'Dog-Ridge'. He found that rooting was improved using a 24 

hour-soak of 0.25 % IBA or a quick dip of .1 % IBA. Alley 

and Peterson (1977) investigated the action of IBA on 

callus formation, root formation and bud break of various 

grapevines cuttings and observed that IBA stimulated 

callus formation over controls by 2 to 5 days and root 

formation by 2 days at 29.5°C in cuttings of 'Dog-Ridge', 

'Salt Creek' and 'Harmony'. However, IBA had no effect on 

bud break. Tizio (1961) investigated the effects of IBA 

combined with biotin on the rooting of cuttings of a Vitis 
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vinifera variety, 'Malbec', and an American hybrid, 

'Kobler 5BB', and reported that the combination of IBA and 

biotin increased rooting. 

Samananda, Ormrod and Adepe (1972) found that IBA 

and ethrel increased respectively the number of roots and 

the elongation of roots in cultivars of Chrysanthemum 

morifolium. IBA increased root number in both difficult 

and easy to root cultivars, whereas ethrel increased root 

length in only difficult to root cultivars. Samananda et 

al. suggested that IBA and ethrel acted at different 

stages of the rooting process with IBA promoting 

initiation and ethrel stimulating elongation. 

Many researchers have found that relatively high 

temperatures in conjunction with IBA treatments have 

improved the rooting of hardwood cuttings. Stoutmeyer 

(1938) and Howard (1968) observed improved rooting success 

in hardwood cuttings when they were held at 24°C following 

IBA treatment. Tustin (1977) also found that the combina

tion of high basal temperatures and high concentrations of 

IBA are the two essential stimuli for fast and effective 

root formation on ornamental hardwood cuttings. 

Alley (1960) reported that a 3 to 5 seconds dip in 

5000 ppm IBA in 50 % ethanol and callusing at 29.5°C 

promoted rooting in 'Dog-Ridge' and 'Ramsey' cuttings. The 

bases swelled rapidly due to the rapid proliferation of 



callus tissue under the bark and thus developed longitu

dinal cracks that extended to the cambium area. Five days 

after the cracking was observed many roots emerged from 

the base of the cuttings. Lower concentrations of IBA 

reduced the amount of cracking, whereas with 8000 ppm 

(0.8 %) IBA there was some evidence of burning at the base 

of 'Dog-Ridge' and 'Salt Creek'. The controls without IBA 

swelled only slightly. Alley (1979) hypothesized that IBA 

improved rooting by causing callus proliferation. Alley 

found that cuttings treated with IBA developed more and 

thiner fibrous roots compared to non-treated cuttings 

which developed fewer and larger fleshly roots. 

Effects of Auxins on Bench Grafting 

Lyakhevich (1975), working on grapevine 

benchgrafts grown in hydroponic solutions, investigated 

the effects of nutrients and 0.005 % IAA added to the 

solution. He obtained the highest benchgraft success by 

adding .005 % IAA. Tikhvinski et al (1975) compared the 

combined effects of various concentrations of IAA and 

different soaking periods. The highest success of 

benchgrafts was recorded when soaking the rootstock in 

.005 % IAA fo 48 hours or in .01 % IAA for 1 hour. 

Soaking the base of the grafts for 24 hours in a 

50 ppm solution of NAA improved the grafting success of 



'Thompson Seedless' on '1616' rootstock (Stino et al. 

1977). 

Chapman and Hussey (1980) improved the benchgrafts 

of 'Dog-Ridge' and 'Salt Creek' by dipping the grafts in 

2000 ppm IBA in 50 % alcohol for five seconds. They also 

found that IBA treatment reduced the rooting time of the 

grafts by fourteen days. 

Auxins in Relation to Wound Healing 

Bloch (1952) considered the healing of a graft 

union to be analogous to a wound healing in that the 

process involves closing and scarification of a wound 

through cell growth and differentiation. In areas such as 

the cortex, individual meristems react to the wounding 

stimulus by forming callus. The healing phenomenon 

involves dedifferentiation, cell division, cell growth and 

differentiation. Dodds and Roberts (1982) demonstrated 

that the same processes operate in callus formation in 

plant tissue culture systems. 

Hellriegel (1982) indicated that the cambial 

region of both stock and scion were meristematically 

capable of dividing and forming new cells. Mass prolifera

tion of parenchyma cells interlock and form callus tissue 

in this region. Once the wound has completely healed, some 

of these cells differentiate into cambial cells producing 
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xylem and phloem which form a vascular connection between 

the stock and scion. 

The healing of a graft union is accomplished 

entirely by cells which develop after grafting. The 

cambial regions of both scion and stock must be close 

enough to enable the parenchyma cells of both the scion 

and stock to interlock. The parenchyma of phloem rays and 

the adjacent xylem parenchyma of both stock and scion 

produce callus. At the edge of the newly formed callus 

mass, parenchyma cells touching the cambial cells of stock 

and scion differentiate into new cambial cells. The 

cambial formation proceeds further through the callus 

bridge until a continuous cambial connection between the 

scion and stock forms (Hartman and Kester 1975). 

Torrey, Fosket and Hepler (1971) indicated that 

the induction of vascular tissue in callus is controlled 

by factors originating from growing shoot terminals. 

Wetmore and Rier (1963) demonstrated that this stimulus 

could be replaced by a solution containing 2.5 % sugar 

plus 0.5 mg/1 IAA. 

Brown (1937) described anatomical changes in the 

cambium during wound healing. Brown (1937) observed a 

correlation between the development of local cambial 

activity and the amount of living bark above a wound in 



disbudded poplar. He explained these results on the basis 

of a hormone action associated with cambium. 

Rogenhofer (19i6) found that application of auxins 

to populus and other woody cuttings greatly increased the 

amount of callusing. The strongest callus formation 

developed from the application of .001 % IAA paste. He 

concluded that IAA caused both cell division and cell 

elongation. 

Carrying the study a step further, Brown and 

Cormack (1937) determined that IAA stimulated cambial 

activity for a short distance below the point of its 

application. 

Sodling (1937) introduced relatively concentrated 

levels of IAA direcly into the cambium of various trees 

species and observed that callus and wound wood were 

formed only in the cambium layers whereas only normal cell 

division was observed in deeper layers of the tissues. 

Sodling concluded that only cambium layer could be stimu

lated by IAA. This agreed with the work of Wetmore and 

Rier (1963) who observed that the differentiation of 

vascular tissue culture callus was under auxin control. A 

low IAA concentration of .05 mg/1 applied in an incision 

of a tissue cultured callus promoted the induction of 

vascular tissue. 
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Another action of auxins which has been investi

gated is the coalescence process at graft unions. Kordes 

(1937) used IAA to treat grape grafts to hasten the 

coalescence process by soaking both scion and stock for 

16 hours in a .01 % IAA solution. He observed strong root 

development on the treated stocks as well as root develop

ment on the scion at the place of the union. Also, Muller-

Stoll (1938) found that treatment with a .05 % solution of 

IAA accelerated callusing of grape benchgrafts. Similar 

results were obtained by Evanari et al. (1938) when they 

used a lanolin mixture of IAA on Malus, Vitis and other 

hardwood plants. Other researchers, however, have reported 

a different response to auxin. McQuilkin (1950), treated 

several plant species with different concentrations of 

IAA, IBA and NAA. He found that at high concentrations 

(4 %), the chemicals were injurious to most of the plants 

whereas at a low concentration (.1 %), the effects were 

variable from one plant to another. Davis (1949) tried 

several growth regulators on wounds of sugar maple trees. 

He reported that IBA did not stimulate callus formation. 

Hansen and Hartmari (1951) treated scions of Vitis species 

with IBA and NAA at different concentrations prior to 

benchgrafting. Only fifty percent of the scions treated 

for 1 second at auxin (IAA and NAA) concentrations of 1000 

and 4000 ppm grew and the growth rate and graft success 



was not improved over controls. However, with a 500 ppm 

treatment all grafts were successful and all scions 

developed. 

Use of Dimethyl Sulfoxide ~ ~ Carrier Agent 
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Dimethyl sulfoxide (DMSO) is widely known for its 

high solvent capacity for polar compounds and for its 

penetrating action. Meek, Straub and Drago (1960) stated 

that inorganic salts had appreciable solubility in DMSO. 

Shlafer and Shaffernicht (1960) studied DMSO as a solvent 

of inorganic substances. They found that DMSO dissolved 

polar compounds and Ranky and Nelson (1961) reported that 

DMSO was miscible with water. DMSO being a good solvent 

for polar compounds may be used in reactions . where water 

is undesirable. Since the 1950's, DMSO has been used 

rather extensively in many biological systems. Hagglund, 

Lindberg and McPherson (1956) found that DMSO was a good 

solvent for hemicellulose and other lipoproteins. Hiscox 

and Israelstam (1976) used DMSO for extracting the 

chlorophyll from leaf tissues and concluded that DMSO 

does not degrade chlorophyll during extraction. Lovelock 

and Bishop (1959) who worked with mouse bone marrow cells, 

used DMSO as an agent to protect against freezing damage. 

They found that frozen cells were protected by DMSO and 

would grow normally when thawed and cultured. They sugges-



ted that the protective properties of DMSO resided in its 

non-toxicity, its high solubility in an aquaeous electro

lyte solution and its abilty to permeate living cells. 

Also, Ashwood and Smith (1961) found that DMSO was a good 

chemical for the preservation of living animal tissue at 

freezing temperatures. Brown, Robinson and Stevenson 

(1963) suggested that DMSO might be a useful solvent for 

the administration of water insoluble drugs to living 

tissues if it were found to be safe after toxicological 

evaluation. 

Few researchers have investigated the effect of 

DMSO as a solvent carrier on plants. Dirr (1981) stated 

that the basis for utilizing DMSO was that it would carry 

growth regulators such as IBA into the tissue of a cutting 

and thereby elicit a more uniform and a rapid response. 

Ticknor (1981) found that rooting of ornamental woody 

cuttings was improved when IBA was combined with DMSO 

(20 % v/v). Connor (1982) reported similar results on kiwi 

fruit cuttings (Actinidia chinensis). Wood (1981) stated 

that DMSO, along with other solvents, was exceptionally 

useful in crossing through living tissue of many woody 

plants without inducing toxicity. He added that, in 

general, the better penetration of IBA through the plant 

tissue with DMSO gave a higher percentage of rooting than 

the controls. DMSO may be useful as a solvent carrier for 



IBA which could improve the penetration of IBA into plant 

tissues and thereby improve rooting and grafting success 

of 'Dog-Ridge1 benchgrafts. 



MATERIALS AND METHODS 

Benchgrafting trials were conducted in 1983-1984 

at the University of Arizona. 

Plant Material 

A clonal variety of Vitis champini, 'Dog-Ridge', 

was used as the rootstock and a wine grape cultivar of 

Vitis vinifera , 'Petite Sirah', was used as the scion. In 

December 1983, dormant scions and stocks were obtained 

from vines at the University of Arizona Campus Agricul

tural Center. Cuttings of 'Dog-Ridge' and 'Petite Sirah' 

were collected from current season canes. Cuttings were 

divided into 20 to 30 cm lengths, wrapped in wet paper 

towels, placed in polyethylene bags, and held in a cold 

storage room at 5°c (+2°C) to fulfill chilling require

ments. Prior to grafting, the rootstocks were soaked for 

6 hours in water to rehydrate the cuttings and leach out 

the possible water soluble inhibitors. The rootstocks were 

then disbudded and a straight cut was made through a node 

at the base of each cutting. The rootstocks were approxi-

matively 15 cm long with variable diameters ranging from 

5 to 13 mm. The scions were cut at approx imat ively 2.5 cm 

and had 2 buds. 
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Grafting 

The grafting was performed in January 1984 with an 

Omega grafting machine. Immediately after grafting treat

ments were applied to the benchgrafts. 

Treatment 

Fifteen (15) different combinations of IBA and 

DMSO were used as treatments (Table 1). The concentrations 

of IBA were 0, 200 ,600, 1000 and 1200 ppm. DMSO was used 

at 0%, 10%, and 15 % (v/v). When no DMSO was used IBA was 

dissolved in water containing a few drops of ethanol. 

Treatments were applied through a five minute dip to the 

rootstock base and graft union. Each treatment was repli

cated four times and each experimental unit included ten 

grafts. Each treatment was packed between layers of three 

parts of peat moss and one part of perlite. To avoid 

decay, the media was moistened with a 3% Clorox solution. 

Callusing 

In order to promote callus development at the 

graft union and rooting of the stock, the grafts were 

placed in a callusing chamber at 29°C (+2°C) with light 

excluded. They were evaluated weekly for a period of six 

weeks. The grafts were held until the graft unions were 

completely covered with callus tissue. 
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Table 1. Treatments applied to the base and graft union 
of 'Dog-Ridge' benchgrafts through a five minute 
dip. 

IBA 0 200 600 1000 1200 
(ppm) 

DMS 0 
% 

0 lz 2 3 4 5 

10 6 7 8 9 10 

15 11 12 13 14 15 

zTreatments noted from 1 to 15 represent the different 
combinations of IBA and DMSO. 
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Planting 

Prior to planting, the grafts were washed and 

dipped quickly in melted paraffin and then in cold water. 

The grafts were waxed to approximately 2 cm below and 

above the graft union. They were then planted in a 

greenhouse at the University of Arizona in Tucson. The 

planting was performed in milk cartons, using one part of 

vermiculite, and two parts of peat moss as the growth 

medium. The temperature of the greenhouse was set at 24°C. 

The relative humidity was set at 75 %. Shading was 

provided to reduce the normal ambient light levels by 

70 %. Plants were maintained under mist throughout the 

exper iment. 

Statistical Design 

The factorial experimental design was a ran

domized complete block with two factors (IBA and DMSO) and 

the mean separation was performed using Tukey's test at 

the 5% level. 

Data Collection 

a. Data on callus success expressed as a percentage 

were obtained prior to planting. Plants were considered as 

successful grafts if they healed completely at the graft 

unions. Data on callusing success expressed as a 

percentage of the total sample were transformed by the 
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inverse sine transformation (arcsine x). All comparisons 

and mean separation by Tukey's test were carried on the 

arcsine scale. 

b. The number of roots formed on the grafts success

fully callused and on all the grafts regardless of the 

callusing were recorded separately prior to planting. The 

total percentage of rooting was recorded prior to 

planting. 

c. Different rootstocks and scions sizes were used 

resulting in different callus sizes at the graft unions. 

The analysis of covariance was performed to partition out 

the effect of the scion size on the callus proliferation 

and thereby get an unbiased estimate of treatment effects. 

Diameter of scion and callus formed were recorded prior to 

planting. 

d. Thirty days after planting, the grafts were 

removed and the force (lb/cm2) necessary to break the 

graft union was measured using the method described by 

Chang (1938). 



RESULTS 

Effects of IBA and DMSO 

on Benchgrafting Success 

The percent of grafts successfully callused as 

affected by 5 concentrations of IBA (0, 200, 600, 1000, 

1200 ppm) diluted in 3 concentrations of DMSO (0, 10, 15 % 

v/v) is shown in Figure la. When IBA is used alone, 

(diluted in water) the percent of grafts successfully 

callused never exceeded 35 %. The control treatments (IBA 

0 ppm, DMSO 0 %) did not stimulate callus formation at the 

graft union. Additionally, the percentage of grafts 

successfully callused increased with increasing concen

trations of IBA. DMSO treatments at 10 % or 15 %, without 

IBA, did not affect callus formation. Even though the 

interaction IBA-DMSO is not statistically significant, the 

callusing percentage is superior when IBA is dissolved in 

DMSO. For example, at 200 ppm IBA, the percent callusing 

is higher at 15 % and 10 % DMSO than with 0 % DMSO (Figure 

la). The percent callusing increases from 25 % to 47 % up 

to 50 % with 0 %, 10 % and 15 % DMSO respectively. The 

highest percentage of callusing (60 % and 62 %) is 

obtained with 1000 ppm IBAdissolved in either 10 or 15 % 

DMSO (Figure la). 
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Figure la. Effects of five concentrations of IBA combined 
with~ %, 1~ %, and 15 % (v/v) DMSO on the 
callusing success of 'Dog-Ridge' benchgrafts. 
Measurements were taken over a three-week 
period. Evaluations of successful grafts were 
made when the graft union was surrounded by 
callus. Experimental units consisted of 1~ 
grafts per treatment with four replications. 
Each data point represents the mean of ·four 
replications. 
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A 57 % reduction in grafting success was observed 

at the highest concentration of IBA (1200 ppm) in combina

tion with 15 % DMSO (Figure la) when compared to the 

optimum treatment of 1000 ppm IBA with 15 % DMSO. 

The number of roots increased when IBA was 

increased from 200 to 600 ppm without DMSO whereas with 

10 % DMSO the number of roots increased with increases in IBA 

up to 1000 ppm (Figure lb). The greatest number of roots 

were observed in treatments where IBA ranged between 200 

to 1000 ppm and DMSO at 15 % was used to enhance 

penetration. There was about 40 % reduction in the 

number of roots formed with 15 % DMSO in combination with 

1200 ppm IBA (Figure lb). 

The strength of the graft unions of the success

fully callused grafts ranged between 22.5 to 32 lb/cm2 

and was not affected by any of the treatments. 

Effects of IBA and DMSO on Rooting 

Except for controls (water, 0 ppm IBA and 10 % 

DMSO, 0 ppm IBA and 15 % DMSO) which did not form roots, 

the grafts with the lowest rooting percentage were those 

receiving IBA without DMSO. Rooting ranged from 15 to 38 % 

in treatments receiving IBA without DMSO (Figure 2a), 

whereas IBA plus DMSO at 10 or 15 % significantly (p=.05) 

increased rooting of grafts. When DMSO at 10 % was used, 
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Figure lb. Effects of four concentrations of IBA combined 
with 0 %, 10 %, and 15 % (v/v) DMSO on the 
number of roots per graft of 'Dog-Ridge' 
successfully callused. Measurements were taken 
on grafts successfully callused over a three-
week period prior to planting. 
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Figure 2a. Effects of five concentrations of IBA combined 
with 0 %, 10 %, and 15 % (v/v) DMSO on the 
percentage of rooting of 'Dog-Ridge' bench-
grafts. Measurements were taken prior to 
planting, over a three-week period. Evaluation 
of root percentage was made on all the grafts, 
regardless of the callusing success. Each data, 
point represents the mean of four replications 
with 10 grafts per treatment. 



rooting increased from 32 % at 200 ppm IBA to about 80 % 

at 1000 to 1200 ppm IBA (Figure 2a and Table 2). DMSO at 

15 % was very effective in enhancing the response to IBA 

as rooting ranged from 67.5 % at 200 ppm IBA to 78 % at 

1000 ppm IBA (Table 2). There was a 20 % reduction (80 % 

to 60 %) in rooting when 15 % DMSO was combined with 1200 

ppm IBA compared to 1000 ppm (Figure 2a). Thus maximum 

stimulation of rooting under the conditions of this 

experiment was observed with either 15 % DMSO and 200 to 

1000 ppm IBA or with 10 % DMSO and 1000 ppm IBA 

(Figure 2a). 

The number of roots per graft, regardless of the 

callusing success as affected by IBA and DMSO treatments 

showed the same trend as the number of roots per graft 

successfully callused (Figures lb and 2b). IBA treatment 

alone increased the number of roots per graft as high as 

4.2 roots per graft. DMSO alone did not affect the root 

formation as was observed in the control treatments (DMSO 

0 % without IBA, DMSO 10 % without IBA, and DMSO 15 % 

without IBA). The interaction of IBA with DMSO is statis

tically significant and it was observed that 200 and 600 

ppm IBA with 15 % DMSO and 1000 ppm IBA with either 10 or 

15 % DMSO gave similar results (Figure 2b). 

The reduction in number of rootings per graft when 

IBA at 1200 ppm is combined with 15 % DMSO is even greater 
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Table 2. Effects of two levels of IBA (200 and 1000 ppm) 
and three levels of DMSO (0, 10 and 15 %) on 
number of roots per graft and percent rooting of 
all 'Dog-Ridge' grafts. 

IBA DMSO Roots/G*raf t^ Rooting^ 
(ppm) (%) (%) 

200 0 2.3 c2 25 b 

1000 0 5.1 be 32.5 b 

200 10 5.9 be 32.5 b 

1000 10 8.3 ab 82.5 a 

200 15 7.3 ab 67.5 a 

1000 15 9.8 ab 80 a 

^Data derived from 10 grafts per treatment with 4 
replications. 

zMeans within a column followed by different letters are 
significantly different (p=.05) according to Tukey's 
test. 
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Effects of four concentrations of IBA combined 
with 0 %, 10 %, and 15 % (v/v) DMSO on the 
number of roots per graft of 'Dog-Ridge'. 
Measurements were taken prior to planting, 
over a three-week period. Evaluation of roots 
per graft were made on all grafts, regardless 
of their callusing success. Experimental units 
consisted of 10 grafts per treatment with four 
replications. Each data point represents the 
mean of four replications. 
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than the reduction in rooting percentage that was observed 

in this treatment (Figures 2a and 2b). 

Effects of the Scion Diameter 

on Callus Proliferation at the Graft Unions 

A positive linear relationship was observed 

between the scion size and the callus proliferation 

(Figure 3). However, there was no effect of IBA or combi

nations of IBA and DMSO upon callus size as evaluated from 

an analysis of covariance. 
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Effects of scion diameter on the callus size 
of 'Dog-Ridge' grafts for all combinations of 
four concentrations of IBA and three concen
trations of DMSO. Measurements were taken on 
the successfully callused grafts over a three
week period prior to the planting. Experiment
al units consisted of 10 grafts per treatment 
with four replications. Each data point 
represents the mean of four replications. 



DISCUSSION 

IBA treatments alone promoted callusing at the 

graft union but at a low percentage even at the optimum 

IBA concentration. In general, the callusing percentage 

increased with increasing concentration of IBA and this 

may be due to an improvement in the coalescence process as 

suggested by Muller-Stoll (1938). The results agree with 

previous findings (Evanari et al. 1938, Muller-Stoll 1938) 

where auxins improved callusing of grapevine grafts. 

The promotion of rooting by IBA is in agreement 

with other studies (Alley I960, Alley and Chapman 1980) 

and indicate that endogenous auxin content may be a 

limiting factor for root formation since rooting was 

enhanced by exogenous auxin. 

No rooting was observed in the control treatments 

(IBA 0 ppm), which contrasts with works of Chapman and 

Hussey (1980) and Shimoya et al. (1971) who reported 

rooting of certain grape rootstocks without exogenous 

auxin treatment after 35 days. Differences in propensity 

to root has been often associated with interaction between 

hormonal balance, nutritional status, and physiological 

status of tissues (Hartman and Kester 1975 and Preston, 

Shanks and Cornell 1953). Another explanation could be the 
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decay observed on the grafts after the third week. All 

callusing and rooting occured within a three-week period. 

The high humidity inside the polyethylene bags after the 

watering may have encouraged pathogen development 

resulting in a cessation of graft growth. No rooting or 

callusing occured after the third week. 

The percentage of rooting and the number of roots 

per graft increased as IBA increased. Dirr (1981) stated 

that successful transplanting of rooted cuttings of woody 

perennials was strongly related to root number and Alley 

and Christensen (1970) found that woody cuttings which 

formed at least four roots could be transplanted succes

sfully. In general, the 'Dog-Ridge' grafts that rooted 

under the conditions of these experiments formed four or 

more roots and were transplanted successfully. 

Grafting success did not affect the rooting of 

'Dog-Ridge' grafts, which contrasts with findings by 

Evanari et al. (1938) who reported that rooting success in 

Vitis and other woody perennials plants varied inversely 

with callusing at the graft unions. On the other hand, 

Shimoya et al. (1971) reported a positive correlation 

between the adventitious root formation and the callus 

success of grapevine grafts. 

DMSO used alone (10 % or 15 % v/v) did not stimu

late rooting or callusing which suggests that the positive 



effect observed when DMSO is combined with IBA is due to 

its action as a penetrating and solvent agent. In all 

cases, IBA treatments combined with DMSO were superior to 

IBA treatments alone. Thus DMSO may improve the absorption 

of IBA into the wood tissue compared to IBA alone where 

water was the only, solvent. DMSO is a much better solvent 

for IBA than water which is only a mildly polar compound. 

DMSO acts then as an effective solvent and carrier thus 

facilitating an increased movement of IBA into the tissues 

which increases the translocation of IBA through the 

grafts. 

The large reduction in callusing, rooting per

centage and number of roots per graft observed when 

1200 ppm IBA was combined with DMSO 15 %, may be due to 

the enhanced penetration by DMSO which allowed IBA to 

accumulate to toxic levels. Another factor which may 

explain the negative effect of 1200 ppm IBA and 15 % DMSO 

is the duration of the treatment. A five minute dip was 

used and may have been detrimental. Most commonly, a five 

second dip is the time used for quick dips (Chapman and 

Hussey 1980, Connor 1981). Nahlawi (1970) reported that 

5000 ppm IBA for five seconds, 500 ppm for thirty seconds, 

or 50 ppm for eighteen minutes was the most effective 

treatments in promoting rooting of 'Myrabolan B' cuttings. 
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The grafting success of 'Dog-Ridge' benchgrafts 

with IBA combined with DMSO does not exceed 62 %. This 

percentage is low compared to studies reported by Chapman 

and Hussey (1980) where 100 % callusing was obtained with 

IBA. Overgrowth of callus above and below the graft union, 

was responsible for about 25 % of the failure observed in 

graft takes. This incompatibility is probably not due to 

the 'Dog-Ridge' stock which has been demonstrated to be 

compatible with all Vitis vinifera cultivars (Kasimatis 

and Lider 1972, Mortensen 1972). Uneven cambial contact or 

detrimental conditions may have increased the graft incom

patibilities observed in this study. Treatments with IBA 

and DMSO also caused rooting of the scion at the graft 

union which could be undesirable for commercial propaga

tion due to the time and expense involved in removing 

these roots. 

Callus proliferation was not influenced by the IBA 

and DMSO treatments but was dependent upon the scion 

diameter in that callus proliferation increased as scion 

diameter increased. This indicate that overgrowth of 

callus at the graft union could be controlled by using the 

appropriate scion size. 
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In conclusion, it is worthwile to use DMSO as a 

solvent carrier for IBA since the effect on grafting and 

rooting was enhanced. However, studies need to be 

continued to determine whether DMSO could lead to toxicity 

when associated with certain concentrations of IBA. 

Like other growth processes each step of the 

rooting and callusing processes is controlled by delicate 

balances of growth hormones in conjunction with other 

rooting cofactors and complexing enzymes. Thus it seems 

unlikely that a single application of one growth regulator 

applied against the background of natural growth regula

tors which vary with plant age and time of year will give 

consistent results. Further examination of IBA and DMSO 

effects would be of value to determine the optimum treat

ment and timing needed to propagate 'Dog-Ridge' bench-

grafts. Similar studies with other difficult to root 

species may also prove useful. 
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