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Treatments wlth indole-3-acetic acid (IAA) at 0.10/0 (w/w) in lanolih paste to the cut 

surface of the top internode of excised stem from growlng shoots of cooled tulip (Tulipa 

gesneriaua L. cv. Apeldoorn) bulbs greatly promoted the growth of all internodes of the stem. 

In control stems treated with lanolin only in the same way as IAA appllcation, the stem growih 

was very small. The fresh weight of the stems treated wlth I~~ was much higher than that of 

the untreated stems, but the total dry weight of the stems of both treatments was similar. Dry 

weight of the first internode substantially decreased with IAA, whereas that of the upper 

internodes increased. On the basis of dry weight of different internodes of untreated and IAA 

treated stems it is evident that carbohydrates occurring in the first (basal) internode are 

utilized for the growih of the upper internodes especially the third and fourth (top) internodes 

with auxin. 

INTRODUCTION 
In tulip plants elongation growih of stems and development of the leaves are well 

known to be due to almost entirely elongation of cells produced during earlier 
developmental stages (Gilford and Rees, 1973). Elongation growih of the tulip stem has 

been reported to be controlled by auxin provided by the leaves and gynoecium, since 

removal of all leaves and flower bud almost fully inhibited the growih and the application 

of auxin recovered the suppression of stem growih (Op den Kelder et al., 1971; Hanks 

and Rees, 1977; Okubo and Uemoto, 1985; Okubo et al., 1986). Saniewski and De Munk 

(1981) and Banasik and Saniewski (1985) also showed that elongation of all internodes in 

cooled tulip bulbs is strikingly promoted by the application of auxins where the flower 

bud was removed from the shoot wlth the absence of leaves, supporting the important 

role of gynoecium for auxin source. These studies were, however, conducted with the 

stems with their basal plate, scales and roots attached. It is possible that nutrition, 

carbon source and plant hormones supplies from these organs may affect the stem growih 

induced by auxin. In this study, the effects of auxin (indole-3-acetic acid, IAA) on stem 

growih of tulips were studied using stem segments excised from growing shoot to 
elirninate the effects of other organs. 
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MATERIALS AND METHODS 
Tuhp (Tulipa ges7~eriana L. cv. Apeldoorn) bulbs with circumference of 10-11 cm, 

after lifting, were stored at 17-20'C until October 15, and then dry-cooled at 5 'C until 

planting. The bulbs were planted individually in pots and cultivated at a temperature of 

17-20'C in a greenhouse under natural light conditions. Shoots of different length, 6.1 

and 12.1 cm in average, from the growing tulips were excised at the basal plate, and then 

all leaves and flower bud were removed from the shoots. In the place of removed flower 

bud lanolin only (control) or lanolin containing IAA at a concentration of 0.10/0 (w/w) was 

applied and the stems were kept in water in the greenhouse at a temperature of 17-20 'C 

in natural light conditions. Ten stems per treatment were used. The lengths of the 

internodes were measured every two days and when the stems had reached their final 

length, and fresh and dry weights of each internode were also measured. Experiments 

were repeated three times. 

RESULTS AND DISCUSSION 

In control stem segments treated with lanolin only the stem growih was very small 

and earlier senescence represented by the loss of chlorophyll was observed (data not 

shown) as well as the case of the stem growth of tuhps with bulbs, which all leaves and 

flower bud were excised as reported previously (Saniewski and De Munk, 1981). On the 

Fig. 1. Effect of IAA on growth of stem segment excised frorn growing 

shoots of cooled tuhp bulbs; I~ at concentration of 0.10/0 (w/w) in 

lanolin was applied on the top internode of the stem. A) initial 

length of the stem -6.1 cm, experiment made on January 26, photo-

graphed on February 3. B) initial length of the stem -12.1 cm, 

experiment made on January 26, photographed on February 3. 
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Fig. 2. Dynamics of growth_ of stem segment excised from growing 
shoots of cooled tulip bulbs after treatment with IAA (0.10/0, 

w/w, in lanolin) on the top internode of the stem; experiment 

made on January 26 (see Fig. 1). A) initial length of the stem 

-6.1 cm, experiment made on January 26. B) initial length of 

the stem -12.1 cm, experiment made on January 26. 

other hand, the application of IAA as a lanolin paste at the cut surface of flower bud in 

excised stems extremely promoted the elongation growih in both cases that the initial 

lengths were about 6 and 12 cm (Figs. I and 2). In the segment with the initial length of 

about 6 cm, the lengths of the first and top internodes were finally 1.7 and 6.1 times 

longer than their initial lengths, respectively (Fig. 2A). In the segment with the imtial 

length of about 12cm, the lengths of the first and top internodes were also 1.5 and 4.8 

times longer than their initial lengths, respectively (Fig. 2B). Promotive effect of IAA on 

growih of stem segments in which all leaves and flower bud wlth or wlthout bulb were 

removed has been more conspicuous (Saniewski and De Munk, 1981; Banasik and 
Saniewski, 1985). These results suggest that excised stem alone is still capable to 

elongating in response to IAA, while basal plate, scales and roots somehow contribute to 

IAA-induced stem growih of tulips. 

More conspicuous IAA-induced elongation was found in the top, fourth, internode in 

both segments with initial length of about 6 and 12 cm, as compared with that in the first 
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to third internodes (Fig. 3), indicating that young internode is highly responsible to IAA. 

This observation was alrnost same as in tuhp shoots only without flower bud (Saniewski 

and De Munk, 1981; Banasik and Saniewski, 1986; Saniewski and Wegrzynowlcz-Lesiak, 

1993). Total elongation of stem segment was slightly larger in the segments wlth the 

initial length of 12 cm than that with the imtial length of 6 cm. These results suggest the 

basal region of stem segments also contribute to IAA-induced elongation growih of the 

stem segments as a source of materials for growih. 

Similar to the stem length, fresh weight of the stems treated with IAA was much 

higher than that of the untreated stems (Fig. 4) . The promotion of IAA on fresh weight of 

each internode was almost coincided with that on internode length, indicating that I~ is 

responsible for longitudinal elongation growih but not swelling. 

Differently from the effect of IAA on length and fresh weight of stem segment, little 
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Effect of IAA on elongation of each internode of stem 

segment prepared from growlng shoots of cooled 
tulip bulbs. A) initial length of the stem -6.1 cm, 

experiment made on January 26. B) initial length of 

the stem -12.1 cm, experiment made on January 26. 

Measurements were made on February 3. 
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Fig. 4. Effect of IAA on fresh weight of each internode of 

the stem segment excised from growing shoots of 

cooled tulip bulbs; IAA at concentration of 0.1010 

(w/w) in lanolin was applied on the top internode 

of the stem; experiments made on January 26 and 

measurements of the weight on February 3 (see 

Figs. I and 2). A) initial length of the stem 
-6.1 cm. B) initial length of the stem -12.1 cm. a, 

b: Mean separation in each internode by Duncan's 

multiple range test at 50/0 of significance. 

effect of IAA was found on total dry weight of the stem segment (Fig. 5) . Interestingly, 

three times increase in the dry weight in the top internode of the segment treated with 

IAA was observed in the segment with the initial length of 6 cm. In the first internode, 

however, the dry weight decreased with the application of IAA (Fig. 5A). The similar 

result was also observed in the stem segment with the imtial length of 12cm (Fig. 5B). 

These results strongly suggest that IAA-induced growih of excised stem segments of 

tulips is mainly due to water uptake in each internode of the segment. 

Analysis of the distribution in materials calculated by dry weight in each internode of 

the segment revealed that the amount of IAA-enhanced decrease in dry weight found in 

the first internodes was balanced with that of IAA-enhanced increase in the upper 

internodes (Fig. 6). IAA-enhanced increase in dry weight in the fourth, actively elongat-

ing internode, was larger in the stem segment with the imtial length of 12 cm than that 

with the initial length of 6 cm. This strongly suggests that exogenously applied IAA 
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Fig. 5. Effect of IAA on dry weight of each internode of 

the stern segment excised from growing shoots of 

cooled tuhp bulbs; IAA at concentration of 0.10/0 

(w/w) in lanolin was applied on the top internode 

of the stem; experiments made on January 26 and 

measurements of the weight on February 3 (see 

Figs. I and 2). A) initial length of the stem 
-6.1 cm. B) initial length of the stem 12.1 cm. a, 

b: Mean separation in each internode by Duncan's 

multiple range test at 50/0 of significance. 

enhances translocation of solutes from basal region to the upper elongating region of the 

shoot, and the source size of solutes is responsible to IAA-induced elongation growih. 

Similar correlation between elongation growth and solute translocation has been 
demonstrated in etiolated pea epicotyls in relation to gibberellin action on osmoregulation 

(Miyamoto and Kamisaka, 1990; Miyamoto et al., 1992). On the basis of dry weight of 

different internodes it is clear that carbohydrates occurring in the first (basal) internode 

are utnized for the growih of the third and fourth (top) internodes induced by auxin. It is 

well known that fructans, starch and sucrose are the main storage carbohydrates in the 

bulb scales of tulips (Moe and Wickstrom, 1973; Thompson and Rutherford, 1977), and in 

the tuhp leaves, glucose, fructose, sucrose, xylose, stachyose, myo-inositol, tuhposides A 

and B, and traces of arabinose were found (Rutter et al., 1977). Mobilized carbohydrates 

in tulip bulbs are utilized for the shoot. Sucrose was found to be main mobile leaf 

assimilate in tulips (HO and Rees, 1975) and probably is also a mobile sugar during shoot 



Auxin iuduces growth of excised stem of cooled tulip bulbs 487 

~ 
(1) 

~ 
~'cL) 

~:) 

~' 
~:: 
.eO_ 

(L) 

~ 

~ 
~:; 

.~ 

cL)~~(1) 

}~~q) 

~:i 

O 

~O 
~ 

~3 
F:~ 

(1) 

~ 
~O 
~ 
~:; 

q) 
~' 
c~ 

~ 
+' 

~ 
~:; 
~:; 

c:; 

~ ~ 
+' ~i 

O ~ 

40 

20 

o 

-20 

-40 

[1]A 

IB 

1 st 

2nd 3rd 4th 

Fig. 6. Changes in dry weight in each internode of the stem 

segment treated with IAA. Stem segments were excised 

from growing shoots of cooled tulip bulbs. IAA at 
concentration of 0.10/0 (w/w) in lanolin was applied on 

the top internode of the stem. Experirnents were made 

on January 26 and measurements of the weight on 
February 3 (see Figs. I and 2). A) initial length of the 

stem -6.1 cm. B) initial length of the stem-12.1 cm. 

growih. It is unclear which carbohydrates are responsible for osmoregulation in excised 

tulip stems. Further studies of IAA on osmoregulation and translocation of solutes will be 

re quire d . 

As described above, IAA substantially induced elongation growth of the first 
internode of stem segments. Sirnilar observation is also found in that of the second and 

the third internodes. However, IAA enhanced the decrease in dry weight in the first 

internode and little affected dry weight in the second and the third internodes (Figs. 3 

and 5), suggesting that IAA also affects mechanical properties of cell walls in each 

internode of tulip stems. Based on the results of increasing dry weight in the fourth 

internode and decreasing in the first to third ones (Fig. 6) together wlth the report that 

limiting factor during cell elongation induced by IAA is the entry rate of solutes in tissues 

rather than the rate of solute uptake (Stevenson and Cleland, 1981), active growing 
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internode of tulip stems seems to be controlled by both changes in cell wall mechanical 

properties and osmoregulation caused by enhanced solute translocation. For the analysis 

of the mechanism of IAA inducing the elongation of tulip shoots, determination of 
mechanical properties of cell walls as well as osmotic properties in tulip shoots will be also 

required in further investigation. 
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