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Physiological responses of mangrove seedling to triacontanol 
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Abstract 

In viviparous hypocotyls of Rhizophora apiculata Blume the triacontanol treatment 
enhanced the growth of root and shoot (number of primary and secondary roots, 
length of roots, shoot height and biomass) protein and energy contents of leaves and 
roots, in vivo nitrate reductase activity, contents of chlorophylls and carotenoids in 
leaves as well as the amount of chlorophylls present in photosystems 1 and 2 and in 
the light harvesting complex of chloroplasts. These promotory effects were recorded 
at 40 and 80 mg m-3 triacontanol, but they decreased with increasing growth 
regulator concentration. 

Introduction 

Long chain aliphatic alcohols increase production potential of crop plants (Menon 
and Srivastava 1984) by increasing the rate of photosynthesis and reducing 
photorespiration (pies et ai. 1977, Jones et al. 1979). Earlier reports have shown the 
growth regulating properties of a long chain aliphatic alcohol, viz. triacontanol (Pies 
et al. 1977). Pies and Wert (1977) have reported increases in leaf area and dry matter 
of maize and paddy treated with triacontanol. Pies et al. (1977) have also reported 
yield increases, resulting fi'om foliar application of triacontanol. Jones et al. (1979) 
found growth stimulation when analogues of triacontanol were tested. Triacontanol 
has been studied as soil or seed or foliar treatment in some crop plants (Pies et al. 
1978). Nevertheless, its application on a viviparous hypocotyl or on a mangrove 
halophyte has not yet been reported. Hence, the present study has been made on the 
triacontanol-induced changes in seedlings of a mangrove species R. apiculata Blume. 
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Material and methods 

Healthy, 27 + 2 cm long hypocotyls of R. apiculata Blume were collected from 
individual plants in May 1992 from the Pichavaram mangroves (lat. 11 ~ 27' N; long 
79 ~ 47' E), southeast coast of India. The hypocotyls were placed separately in 
500 cm 3 beakers containing 250 cm 3 of the test medium (distilled water with 
triacontanol at 40, 80, 120, 160, 200 and 240 mg m -3) for 24 h. The triacontanol was 
obtained under a trade mark "Miraculan" from National Organic Chemical 
Industries, Bombay, India. After soaking the hypocotyls were transferred into 
estuarine water and incubated at room temparature (28 + 2 ~ Five replicates of ten 
hypocotyls each were maintained for each treatment. After 20 d, the seedlings were 
analysed for physiological characteristics of root and shoots. 

Dry matter production was measured by drying the tissue in an oven at 70 ~ for 
72 h. Total soluble protein content and the corresponding energy value in root and 
shoot were estimated according to Lowry et al. (1951) and Brody (1945), 
respectively. In vivo nitrate reductase activity (NRA) in the shoot tissue was assayed 
using the method of  Jaworski (1971). Chlorophylls (Chl) and carotenoids (Car) were 
extracted in 80 % acetone and measured spectrophotometrically following the 
methods of  Amon (1949) and Ridley (1977). Amounts of Chl in PSI, PS2 and LHC 
were quantified according to Krivosheeva et al. (1991). 

Results and discussion 

Root growth characteristics: In general, triacontanol stimulated root growth 
especially at lower concentrations (Table 1). Triacontanol increased the number of  
roots (significant increase of 84 % at 40 and 80 nag m-3). There was a decline in 
number of  roots at 240 mg m -3. Triacontanol (40 to 160 mg m -3) stimulated 
significantly the length of roots (maximum at 40 tug m'3), but reduced it at 
240 nag m -3. The number of  secondary roots was also increased, but, it was not 
statistically significant. Thus the triacontanol stimulated cell elongation rather than 
cell initiation. This effect may be attributed to hormone-like activities; similarly 
gibberellin and cytokinin activate cell elongation and auxin activates cell initiation 
(see Raghava and Nisha Raghava 1990). This is supported by an earlier report that 
mixtalol, analogue of  triacontanol, shows positive reaction when tested by standard 
bioassays for plant hormones like the coleoptile straight growth test (auxin), c~- 
amylase induction in the seeds (gibberellin) and cucumber cotyledon expansion test 
(cytokinin) (Treharne 1982, Venkataramani et al. 1987). In the present study, 
~acontanol acted similarly to gibberellin and cytokinins rather than the auxin. 

Triacontanol increased root biomass (maximum of 133 % at 40 mgm-3), but 
reduced it at high concentrations (200 and 240 nag m-3). Similar increase in root 
biomass has been reported in various crops (Menon and Srivastava 1984). 

Root protein and root energy increased with increasing concentrations of  
triacontanol up to 240 nag m -3, when it might require to overcoming the stress effects 
of triacontanol on root growth. 
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Shoot growth and leaf respoases: Triacontanol increased shoot length significantly at 
4 0 m g m  -3. At the same triacontanol concentration, root characteristics were 
improved significantly (Table 1). However, at 160 and 2 0 0 m g m  -3 it reduced the 
shoot length. 

Table 1. Changes in root growth ~ of Rhiwphora apiculata as influenced by 
triacomanol (n = 10). Values in the parenthescs ate % increase or decrease over control. 

Treatment lqumbe~ of Total len~h Maximmn Number of D~ miter Root Root 
[mgm -3] rootspet ofrootsper iengthofmets second~ accumulation proteinin energy 

hypocetyl hypocotyi perlrypocatyl rootsper p c t ' ~ l  f r esh  IkJkgtl 
[cm] [cmI hypecmy! Igl matter [%1 

Control 6.5 12.4 48 69.2 0.480 2.3 544 
40 12.0"(84) 79.7*(542) 10.2"(112) 106.2 (53) 1.123"(133) 2.8 (22) 661 (22) 
gO 12.0" (84) 79.6* (54I) 9.7* (102) 138.0 (99) 0.885* (84) 3.6* (57) 854* (60) 

120 10.0 (53) 63.5* (412) 9.7* (102) 86.5 (25) 0.834* (73) 3.5* (52) 829* (52) 
160 9.5 (46) 54.7* (341) 9.5* (97) 78.2 (13) 0.701" (46) 3.7* (61) 875* (61) 
200 8.0 (23) 34.1 (175) 8.5* (77) 55.7(-20) 0.375 (-22) 4.0*(74) 942*(74) 
240 1.7 (-74) 5.6 (-55) 2.0 (-98) 1.2(-98) 0.350 (-27) 4.2*(83) 996*(83) 

LS.D. (0.05) 5.3 22.3 0.3 NS 0.128 0.8 134 

* -  s i~ f~mt  d ~  at P-- 0.05. 

Triacontanol treatment caused also a significant increase in leaf protein and le f t  
energy (up to 53 %). Similar increase in leaf protein of  enzyme extracts has already 
been reported in maize treated with mixtalol and has been atUibuted to the synthesis 
o f  photosynthetic carboxylases, ribulose-1,5-bisphosphate carboxylase in paddy and 
phosphoenolpyruvate carboxylase in maize, which resulted in high rate of  
photosynthesis due to mixtalol (Menon and Srivastava 1984). 

In the present study, in v/vo NRA was enhanced by 13 % due to triacontanol 
treatment. A good correlation was found between the increase in NRA and leaf 
protein content as found earlier in a grass Pennisetum in response to long chain 
aliphatic alcohol 0Vluthuchelian et al. 1990). 

40 and 80 mg m "3 triacontanol increased dry matter production of  shoot (Table 2). 
Promotory effect of  Uiacontanol on biomass formation has already been reported in 
PennJsetum (Muthuchelian et al. 1990) and in maize and paddy (Pies and Wert 
1977). However, the dry matter production decreased with further increasing 
triacontanol concentration, and at 240 mg m -3 no shoot growth was observed. 

Changes of pigment levels in protein complexes of chloroplast: The contents of  
photosynthetic pigments increased in seedlings treated with 40 to 1 2 0 m g m  -3 
triaoontanol. Similar increase in pigments has also been demonstrated in paddy, 
maize and tomato (Venkataramani et al. I987) and attributed to inhibition of  
senescence or iron uptake which regulates Cld biosynthesis (Menon and Srivastava 
1984). Triacamtanol increased the contents o f  Car and Chl_(a_+ h.)toAhe magn/ tudr  
208 to 120%, respectively, in seedlings o f R  apiculata (Table 3). Venkataramani et 
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Table 2. Changes in leaf and shoot growth characters of Rhizophora apiculata as influenced by 
triacontanol (n = 10). Values in parentheses are % increase or decrease over control. 

Treatment Shoot length Dry matter accumulation Leaf protein in Leaf energy NRA in vivo 
[mg m -3] [cm] per hypocotyl [g] fresh matter [%] [kJ kg "1 ] [pmol(NO2) kgds "l] 

Control 9.2 0.690 3.4 804 2.50 
40 13.5" (46) 0.900 (30) 4.2* (24) 996* (24) 2.72 (8) 
80 12.2 (31) 0.850 (23) 5.2* (53) 1231" (53) 2.83* (13) 

120 10.7 (16) 0.688 (-1) 4.1" (21) 971' (29) 2.81" (12) 
160 6.5 (-30) 0.598(-23) 3.8 (11) 900 (20) 2.75 (10) 
200 6.5 (-30) 0.505(-27) 3.3 (-3) 783 (-3) 2.58 (3) 

L.S.D. (0.05) 3.2 0.6 29 0.27 

* - significant increase over control (P = 0.05) 

Table 3. Variation in contents of chlorophyll and carotenoids in P, hizophora apiculata as influenced 
by triacontanol (n = 10). The values m parentheses are % increase or decrease over control. 

Treatment Chlorophyll (a + b) Carotenoids Content of chlorophyll (a + b) [g kg'l(f.m.)] 
[rag m -a] [g kg'l(f.m.)] [mg kg-l(f.m.)] PSI + PS2 LHC 

Control 10.4 0.206 2.58 3.93 
40 22.5* (116) 0.473* (130) 7.11"(176) 7.69* 
80 22.9* (120) 0.634* (208) 5.63"(118) 8.67* 

120 18.9" (82) 0.257* (25) 4.80* (86) %00* 
160 5.65 (-46) 0.037 (-82) 1.28 (-50) 2.56 
200 4.01 (-61) 0.006 (-97) 0.54 (-79) 1.36 

LS.D. (0.05) 6.29 0.041 2.08 2.41 

(96) 
(121) 

(78) 
(-35) 
(-65) 

* - s ign i f i cant  i n c r e a s e  o v e r  contro l  ( P  = 0 . 0 5 )  

al. (1987) found no significant increase in Chl content in the leaves of paddy, maize 
and tomato; but they found a significant increase in the Car content. The high 
accumulation of Car reveals a rich LHC in the treated plants (Dahlin 1988). The 
Chl b is also associated with the LHC of the PS1 and PS2 (Thomber 1975). High 
m o u n t  of Chl in the LHC, PS 1 and PS2 was recorded in seedlings treated with 40 - 
120 mg m -3 triacontanol, but higher triacontanol concentrations were inhibitory. LHC 
plays an important role in the organization of the chloroplast membrane and the light- 
harvesting efficiency of PS2 (Lam et aL 1983), and hence an increase in 
photochemical activity in the triacontanol-treated seedlings may be assumed. Thus 
the treatments may be beneficial in raising vigorous seedlings in nurseries for 
conservation and management of mangroves. 
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