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Stimulation of growth and nitrate assimilation 
in Leucaena leucocephala seedlings 
in response to spermidine supply 
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Abstract 

Supply of 100 luM spermidine (Spd) in the nutrient solution containing 10 mM nitrate 
as the sole nitrogen source, increased growth of roots and shoots, total nitrogen 
content and in vivo or in vitro nitrate reductase (NR) activity of leaves of 10-d old 
Leucaena leucocephala seedlings. Spd and the cytokinins benzyladenine or kinetin 
also increased growth, total nitrogen and m vivo NR activity of isolated cotyledons. 
The synergistic effects of nitrate, kinetin and Spd in increasing NR activity, indicate 
that the Spd acted at different level than the nitrate or cytokinin. 
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Plant polyamines, spermine, spermidine (Spd), putrescine and cadaverine are 
considered to be important growth regulators and/or second messengers in hormone 
action (Galston 1983, Galston and Kaur-Sawhney 1987). High levels of endogenous 
polyamines are often correlated with rapid growth (Evans and Malmberg 1989). 
Exogenous supply of polyamines affects a variety of processes in growing as well as 
senescent organs (Smith 1985). The magnitude of the effect is obviously dependent 
upon the endogenous polyamine content. The effect of exogenous polyamine supply 
on nitrogen assimilation, however has not been examined, although the process is of 
fundamental importance to plant growth and development. Moreover, polyamine 
effect on nitrogen assimilation may be expected because of the observation that (a) 
nitrogen influences the endogenous polyamine content (Smith 1985, Tonin et al. 
1991) and (b) polyamines can act as source of nitrogen, at least in cultured tissues 
(Bagni et al. 1978, Balint et al. 1987). The effect of Spd on growth and nitrate 
assimilation in cotyledons, roots and leaves of the seedlings of a tree species, 
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Leucaena ieucocephala was studied in the present investigation, to examine this 
possibility. Spermidine was used in our studies, as Spd supplied plants appeared to 
be taller and greener than the spermine supplied ones. 

Seeds of  Leucaena leucocephala L. cv. K-8 collected locally were surface sterilized 
with 0 .1% CaOCI 2 for about 10 rain, washed thoroughly with distilled water, soaked 
in hot distilled water (about 80 ~ for 5 - 8 min and then imbibed at room 
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Fig. 1. Effect of spermidine on growth, total nitrogen content and nitrate reductase activity in 
Leucaena leucocephala seedlings. Seedlings were raised on half strength Hoaglaad's solution 
containing 10 mM nitrate as the sole nitrogen source with (open columns) or without (full columns) 
100 p.M Spd in light for 10 d. 

temperature (27 + 3 ~ for 2 d. Seeds were then planted in acid washed sand. 
Seedlings were raised in either 12 h irradiance (ca. 70 W m -2) for 10 d or in darkness 
for 6 - 7 d, with half strength Hoagland's solution containing either no nitrogen or 
10 mM nitrate as the sole nitrogen source. Spd was dissolved in the nutrient solution 
to make up the concentration of  100 ~tM, when required. This concenlrafion was 
used following an evaluation of the data of a preliminary experiment with 10, 50, 100 
and 200 pM Spd. Growth of the tissues was measured by weighing the selected 
group of  plant organs. Nitrate reductase activity in the fresh tissues was measured by 
either m vivo (Sfivastava 1974) or in vitro (Srivastava and Ormrod 1984) method. 
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Total nitrogen content of  the dried tissues was measured by the micro-Kjeldahl 
method (Lang 1958). The data presented in this paper are average + S.D. of three. 
experiments in duplicate (n = 6). 

The supply of  100 IIM Spd in nutrient solution increased fresh and dry mass of  the 
roots and leaves and total organic nitrogen content in leaves substantially (Fig. 1). 
There was little effect on cotyledons. NR activity, assayed by both in vivo and 
in vitro procedure, was increased by Spd supply only in leaves. 
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Fig. 2. Effect of cytokinins (50 ~tM) and spermidine (100 I.tM) on growth, total nitrogen content and 
nitrate reductase activity in isolated cotyledons m the absence or presence of nitrate. Cotyledons from 
6 - 8 d old, dark grown Leucaena leucocephala seedlings were incubated in half strength Hoagland's 
solution containing either no nitrogen (open columns) or 10 mM nitrate (.full columns) as nitrogen 
source for 24 h in light. 

Growth of  isolated cotyledons incubated in nutrient solution containing no 
nitrogen was little affected by benzyladenine (BA, 50 ~tM), kinetin (50 ~tM) or Spd 
(100 la-M), although it increased appreciably with each of the growth regulator when 
nitrate was included in the incubation medium (Fig. 2). Total nitrogen content, 
however, increased in the absence of nutrient nitrogen in BA + Spd and in kinefin + 
Spd supplied cotyledons. Spd alone increased total nitrogen content of  the cotyledons 
incubated in the nutrient solution containing nitrate. Each treatment increased in vivo 
NR activity in the cotyledons except for BA in the presence of nitrate. Kinetin and 
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Spd seemed to be having an additive effect in increasing NR activity; both in the 
absence as well as presence of nitrate in the incubation medium. 

The effects of Spd on growth and nitrate assimilation in the seedlings of L e u c a e n a  

is organ dependent; while there was stimulation of root and shoot growth, there was 
no effect on cotyledons. In intact seedlings, the cotyledons are known to export 
metabolites including polyamines and act as a source rather than the sink for 
metabolites and growth regulators (Chirst et al. 1989, Gallardo et al. 1992). The 
polyamine increased in vivo or in vitro NR activity, which was also reflected in the 
increased organic nitrogen in the leaves of intact seedlings and in isolated cotyledons. 
The non-responsiveness of the root enzyme, however, is not understood at present. 
As reported earlier for cotyledons from light grown seedlings (Pandey and Srivastava 
1992), the cytokinins, BA and kinetin, increased m vivo NR activity in cotyledons 
from dark grown seedlings also. In the present study, the stimulatory effect of Spd on 
enzyme activity was synergistic to that of kinetin or nitrate (Fig. 2). Both of these, 
cytokinins (Lu et al. 1990) as well as nitrate (Metzger and Hazebrock 1989), are 
known to act at transcription level in NR induction. Apparently, the Spd acts 
probably at some other step of the enzyme synthesis/activation, and it is not only 
supplementary to the cytokinin, as is suggested for some other polyamine responses 
(Galston 1983). On the other "hand, there is no synergism between BA and Spd 
supply. Among other reasons, it is likely that BA supply may increase endogenous 
polyamine content (Suresh et al. 1978, Walker et al. 1988) and the exogenous supply 
of Spd may elevate it further to a supraoptimum level, causing no apparent effect. 
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