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Summary. Lettuce and tomato seeds were treated in Petri 
dishes with a humic acid derived from an oxidized coal 
and with fractions of the same humic acid obtained by 
ultrafiltration through membranes of known molecular 
cutoff and by extracting with buffers set at pH 4 and 
pH 5. The unfractionated humic acid was applied at 40, 
100, 1000, and 5000 mg 1 -t whereas the humic fractions 
were applied at 40, 100, and 200mgl -t.  Germination 
parameters such as the number of total germinated seeds, 
the velocity of seed germination, the fresh weight and dry 
weight of total seedlings were measured and related to the 
chemical and physicochemical properties of the humic 
material. No increase in the germination percentage or 
the germination rate was observed for either lettuce or to- 
mato seeds. The fresh weight of total seedlings and per 
seedling increased in treatments with unfractionated 
humic acid with increasing concentrations for both let- 
tuce and tomato plants without showing signs of growth 
inhibition up to 5000 mg 1-t. This was attributed to cell 
elongation and more efficient water uptake. For the let- 
tuce, the fresh weight both of total seedlings and per seed- 
ling was enhanced by treating the seeds with fractions of 
low molecular weight and high content of acidic func- 
tions, whereas the dry weight both of total seedlings and 
per seedling did not change with the humic fraction used. 
For the tomato seeds in contrast, the dry weight both of 
total seedlings and per seedling was increased by the use 
of unfractionated humic acid and by some of the humic 
fractions. An uptake of humic material by growing toma- 
to seedlings was inferred. 
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Humic substances are known to stimulate the germina- 
tion of several varieties of agricultural seeds (Dixit and 
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Kishore 1967; Azam and Malik 1982). The immersion of 
seeds in a sodium humate solution was reported to in- 
crease germination, water absorption, and respiration 
(Smidova 1962), the length of roots and shoots (Rauthan 
and Schnitzer 1981; Malik and Azam 1985), and the fresh 
and dry mass of roots and shoots (Vaughan and Linehan 
1976). Crop yields and nutrient uptake (Pagel 1960; Var- 
shney and Gaur 1974) may also improve as a result of di- 
rect or indirect effects of humic substances. Despite the 
recognition of these effects, relationships with the struc- 
tural nature of the humic material used remained neglect- 
ed. Recent work on humic substances derived from a coal 
oxidation process (Rausa et al. 1989) led van de Venter et 
al. (1991) to examine the effect of coal-derived sodium 
humate on the stimulation of seedling growth. The results 
showed that this compound stimulated the primary root 
growth of cantaloupe, lettuce, and onion seedlings at dif- 
ferent rates of application. In agreement with Vaughan 
and Linehan (1976), the stimulatory effect was attributed 
to the humate itself rather than to microbial breakdown 
products, but the results were not related to any molecu- 
lar property of the humic substances. 

The aim of the present study was to evaluate the ef- 
fects on seed germination and seedling growth of treating 
lettuce and tomato seeds with fractions of coal-derived 
humic substances varying in the physicochemical proper- 
ty of molecular size. 

Materials and methods 

Humic substances were obtained by dry-phase oxidation of a sample of 
Sulcis sub-bituminous coal (Calemma and Rausa 1987) in a fluidized 
bed at 230~ for 9h. The raw oxidized coal was extracted, under N2, 
with a 1 mol 1-1 NaOH solution at 100 ~ for 7 h. The pH of the solu- 
tion was adjusted to 1 with 6 mol 1-1 HC1 and the precipitated humic 
acid was dialyzed until chloride-free, and air-dried under a vacuum at 
70~ Total acidity (900cmolkg -1) was measured by the Ba(OH)2 
method and the content of COOH groups (340 cmol kg -1) was deter- 
mined by the Ca(CH3COO)2 method (Piccolo 1984). 

A sample of humic acid (4 g) was then completely dissolved in 
0.5 mol 1-1 KOH and the pH adjusted to 7. The solution was placed in 
a 400-ml Amicon ultrafiltration cell under N 2 pressure and desalted 
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through a 500-molecular weight cutoff  membrane.  Ultrafiltration mem-  
branes with progressively higher molecular weight cutoffs (1000, 5000, 
10000, 20000, 100000, 500000) were then used to obtain humic frac- 
tions of  a known range at a nominal  molecular size. 

Other humic  acid samples (10 g) were treated with solutions buf- 
fered at pH 4 (998 ml of  potassium hydrogen phthalate  0.1 tool 1 - 1 and 
2 ml o f  HC1 0.I tool 1- i) and at pH 5 (689 ml of  potassium hydrogen 
phthalate 0.1 m o l l  -1 and 311 ml of  HC1 0.1 mo l l  -1) in order to ex- 
tract two more humic  fractions, named  p4 and p5, respectively. The ex- 
tracts were desalted on a 500-molecular weight nltrafiltration mem- 
brane. All fractions were then freeze-dried. 

Seeds of  lettuce (Lactuga sat&a, S. A n n a  local variety) and tomato 
(Lycopersicum esculentum, S. Marzano local variety) were placed, 
equally spaced, on a filter paper adjusted on a 9-cm Petri dish (32 seeds 
per dish). One volume (10 ml) of  each humic  fraction at concentrations 
of 0, 40, 100, and 2 0 0 m g l  - i  (pH7)  was added to the Petri dishes. 
Similarly, 10 ml of  the original humic acid solution (pH 7) at concentra- 
tions of  0, 40, 100, 1000, and 5000 mg 1-1 was added to another  set o f  
Petri dishes. After the additions the Petri dishes were sealed with a glass 
dish and incubated at room temperature. From the 3rd day onward the 
number  of  seeds in each dish showing radicle emergence were counted 
daily, up to the 6th day. The dally count was used to calculated the mean  
germination rate as Ni/T i where N i is the number  of  germinated seeds 
on the i th  day and  T i is the i th  counting day. After the 6th day the 
seedlings were washed with water and the total fresh weight of  all seed- 
lings was obtained. The dry weight of  all seedlings was recorded after 
48 h of  drying in an  oven at 65 %. The fresh weight and the dry weight 
per seedling were calculated by dividing the total fresh and  dry weights 
by the number  of  germinated seeds on the 6th day. 

The treatments  were replicated five times in each experiment, using 
a completely random design. In order to compare the different treat- 
ment  means,  the data  were subjected to analysis of  variance and to Dun-  
cart's test. 

Results and discussion 

The coal-derived humic acid was fractionated by ultrafil- 
tration through eight nominal molecular weight ranges of 
500-1000, 1000-5000, 5000-10000, 10000-20000, 
20000- 50000, 50000-100000, 100000- 500000, and 
> 500000. Two more fractions were obtained by extract- 
ing the humic acid with buffer solutions set at either pH 4 
or pH 5. Data on the elemental composition of the un- 
fractionated humic acid and of the ultrafiltered and buf- 
fer fractions are reported in Table 1. 

The original humic acid was particularly high in C 
and low in H compared to a "model" soil humic acid 
(Schnitzer 1978), suggesting a large degree of ar_omaticity. 

Table 1. Composi t ion of  humic acid (HA) fractions 

Fraction M W  C N H S (%) C : H 
( x  1000) (%) (~ (%) 

H A  - 62.9 3.0 1.9 5.6 20.9 
p4 - 50.0 1.1 2.8 2.6 17.9 
p5 - 49.6 1.1 2.8 3.0 17.5 
1 0.5 - 1 29.4 1.9 1.5 2.5 15.3 
2 1 - 5  30.4 2.0 1.3 2.3 15.5 
3 5 - 10 29.1 1.9 0.8 1.1 15.6 
4 1 0 - 2 0  21.8 2.0 0.9 <0.1  15.9 
5 2 0 - 5 0  32.2 1.9 0.8 <0.1  17.1 
6 5 0 - 1 0 0  34.1 2.1 0.6 <0.1  i6.2 
7 1 0 0 - 5 0 0  36.3 2.2 1.0 <0 .1  16.3 
8 >500  37.9 2.1 0.9 <0 .1  17,6 

MW,  molecular weight 

This characteristic was confirmed by the 13C-nuclear 
magnetic resonance spectrum (Piccolo et al. 1992a), 
which had the following C distribution: 18% aliphatic C 
(0-110 ppm); 72% aromatic C ( l l0-160ppm);  and 
10070 COOH groups (160-190 ppm). The relatively low 
content of C and N in the ultrafiltered fractions can be 
explained by carbonatation of the humic acid solution 
during the course of a lengthy ultrafiltration. 

The general progressive increase in the C: H ratio in 
fractions of increasing molecular dimensions may suggest 
that the aromatic character is less pronounced in the low 
molecular-size fractions. An evalutation of the apparent 
molecular weight and infrared spectroscopy features of 
the different fractions was conducted in a previous study 
(Piccolo et al. 1992b). The apparent molecular weight, 
determined by high performance size exclusion chroma- 
tography technique ranged from 10000 to 240000 for the 
ultrafiltered fractions and the infrared spectra revealed 
that the lower molecular weight fractions were chemically 
more homogeneous than the higher molecular weight 
fractions, with a number of bands being suggestive of a 
highly hydroxylated aliphatic and aromatic material. 

The effects of different concentrations of the unfrac- 
tionated humic acid on seed germination and seedling 
growth of lettuce and tomato are reported in Table 2. The 
lettuce results showed no increase in the number of ger- 
minated seeds (per cent germination) with any of the 
humic acid treatments whereas the mean germination 
rate was significantly different form the control for all 
concentrations except 5000 ppm. Apart from this concen- 
tration, the humic acid treatments appeared to slow down 
the rate of germination. Both the fresh weight of all seed- 
lings and the fresh weight per seedling increased progres- 
sively and significantly with the humic acid concentra- 
tion. In fact, seedlings treated with humic acid were sig- 
nificantly longer than for the control and the length in- 
creased with the humic acid concentration. Conversely, 
the total dry weight and the dry weight per seedling did 

Table 2. The effect of  different concentrations of  unfract ionated humic  
acid (HA) at pH  7 on germination parameters  

HA Germinat ion MGR Total seedling Weigth per 
(ppm) (%) weight (mg) seedling (nag) 

Fresh Dry Fresh Dry 

Lettuce plants 
0 83.13a 3.14c 316.38c 26.10a 10.28c 0.85a 

40 76.88a 3 .25ab 327.84bc 26.16a 10.64c 0.85a 
100 76,25a 3.25a 363.22b 25.88a 11.89b 0.85a 

1000 79.38a 3 .24ab 412.42a 27.50a 13.22a 0.88a 
5000 83.13a 3.15bc 424.96a 26.32a 14.14a 0.88a 

Tomato  plants 
0 96.88a 3.19c 607.30c 56,56b 19.61c 1,73c 

40 80.00b 4.85b 425.18d 45.08c 16.60d 1.76c 
100 75.63bc 5.24a 552.06c 49.88bc 22.76b 2.06b 

1000 70.63c 5.22a 707.14b 49.66bc 31.25a 2.20a 
5000 83.75b 5.20a 875.24a 60.54a 32.81a 2.26a 

Means in the same column followed by the same letter are not  signifi- 
cantly different (P = 0.05). MGR,  Mean germination rate 
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not differ from the control at any humic acid concentra- 
tion. 

For tomato seeds both the germination percentage 
and the mean germination rate were significantly differ- 
ent from control at all humic acid concentrations (Ta- 
ble 2). The humic acid generally decreased the percentage 
of germination and slowed down the germination rate. 
Contrary to the results for lettuce, not only the total fresh 
weight and flesh weight per seedling were significantly 
different from control but also the total dry weight and 
dry weight per seedling showed significant increase with 
increasing humic acid concentrations. This discrepancy 
suggests that while the only humic acid effects on the let- 
tuce were to promote cell elongation and a more efficient 
water uptake, in the tomato seedlings, which were also 
longer than the control, some humic acid uptake may 
have also occurred. 

The effect of the single humic acid fractions (all con- 
centrations were pooled in the statistical analysis) on the 
different germination parameters is shown in Table 3. 
Lettuce germination percentages determined for the vari- 
ous fractions and for the control did not differ signifi- 
cantly. The rate of germination was similar to that of the 
control for the lower molecular weight fractions (1, 2 and 
p 4 in Table 3) whereas it appeared slower for fractions of 
increasing molecular sizes. Piccolo et al. (1992b), using 
infrared spectroscopy, have shown that fractions 1 and 2 
had a high content of acidic functions. Also, p 4 is likely 
to have contained a large number of acidic functional 
groups since it was extracted with a buffer solution at 
pH 4. In fact, only the most acidic humic molecules 
would have been dissolved by a buffer set at pH 4. Simi- 
larly, the total flesh weight and fresh weight per seedling 
were significantly higher for fraction 1, 2, and p4 than 
for the others. Both total fresh weight and flesh weight 
per seedling for fraction p4 were similar to those of frac- 
tion 7. As previously observed by Piccolo et al. (1992b), 
this fraction, though its molecular size should have 
been set high by the ultra filtration membranes 
(100000-500000), it showed, oddly, a longer retention 
time on high performance size exclusion chromatography 
than that of fraction 4 and a nominal molecular weight 
of 42000 which was lower than the value (49000) for frac- 
tion 4. This molecular discrepancy in fraction 7 was re- 
flected in the flesh weight of the lettuce seedlings. These 
flesh weight results indicate that fractions with a low mo- 
lecular weight and a high content of acidic functional 
groups generally promoted cell elongation compared to 
the control whereas fractions with a high molecular 
weight did not behave differently from the control. The 
lettuce dry weight data, although showing less variation 
than the flesh weights, also produced values significantly 
different from control for fractions 1, 2, and p 4 only. The 
tomato seed results were rather different from those de- 
scribed for the lettuce (Table 3). The germination percent- 
ages and the velocity of germination were both signifi- 
cantly lower than those of the control and the lettuce, for 
all humic fractions applied. The slowest tomato-seed ger- 
mination rate occurred for seeds treated with fractions 7 
and p 5. Total and seedling fresh weights were generally 
higher than for the lettuce and did not indicate any par- 

ticular fractional trend except for the larger values shown 
by fractions 7 and p 5. Similar results were obtained for 
the dry weights, which were clearly greater than for let- 
tuce, the largest effects being seen with fractions 7 and 
p 5. Thus the effects of different molecular weight frac- 
tions on tomato and lettuce seeds were to enhance cell 
elongation and water uptake in both lettuce and tomato 
seeds and, in the latter only, a probable uptake of humic 
molecules. 

The increase in cell elongation in the lettuce seedlings 
appeared to be promoted especially by fractions with a 
low molecular size and high content of acidic groups. In 
the tomato seeds the uptake of humic material was sug- 
gested by the increase in dry weight obtained by treating 
the seeds with fractions 7 and p 5. The effect of these two 
fractions must be attributed to a combination of higher 
molecular dimension and lower acidic functionality in re- 
spect to the fractions active on lettuce seeds. 

Table 4 reports the cumulative effects of all humic 
fractions (ultrafiltered plus buffer-extracted fractions) at 
different rates of addition. These data show that the ger- 
mination percentage and the germination rate for tomato 
seeds decreased with increasing concentrations of humic 
fractions. The lettuce seeds behaved similarly, except for 
the germination percentage, which did not change signifi- 
cantly with the fraction used. Fresh weight values gener- 
ally increased with the fraction concentration in both let- 
tuce and tomato seedlings. The lettuce dry weight did not 
differ with any of the humic fractions used but the toma- 
to dry weight generally increased with increasing humic 

Table 3. The effect of humic acid fractions (HA fr.) on germination pa- 
rameters 

HA Germination MGR Total seedling Weight per 
ft. (%) weight (mg) seedling (mg) 

Fresh Dry Fresh Dry 

Lettuce plants 
0 96.06a 3.09c 370.76c 26.37ab 12.04d 0.86a 
i 97.19a 3.07c 462.24 a 25,71 bc 14.87a 0.83b 
2 96.56a 3.06c 461.28a 25.63 c 14.92a 0.83b 
3 96.72a 3.15b 336.01d 26.96a 10.84e 0.87a 
4 97.34a 3.15b 349.46d 27.26a l l . 2 l d e  0.88a 
5 96.09a 3.16ab 357.17d 27.00a 11.59d 0.88a 
6 95.47a 3.21a 343.30d 26.55ab l l .24de  0.87a 
7 95.31a 3.17ab 414.69bc 27.02a 13.61b 0.89a 
8 95.16a 3.18ab 394.10c 26.80a 12.93c 0.88a 
p5 96.88a 3.16ab 399.48c 27.43a 12.88c 0.88a 
p4 96.09a 3.09c 428.59b 24.97c 13.94b 0.81b 

Tomato plants 
0 83.13a 3.86c 467.36b 44.12a 17.34cd 1.65cd 
1 73.75c 4.01bc 458.94bc 41.59cb 19.59b 1.77b 
2 80.31ab 3.87c 484.97b 42.57b 18.88b 1.66cd 
4 73.59c 4.16b 376.98d 36.36e t6.00d 1.54e 
5 72.81c 4.08bc 424.83c 39.t4cde 18.28bc 1.68bc 
6 73.44c 4.00bc 434.18c 40.12bcd 18.61b 1.71bc 
7 79.38ab 4.62a 573.88a 48.60a 22.60a 1.92a 
8 75.78bc 4.17b 463.93bc 38.22de 19.14b 1.58de 
p5 82.19a 4.62a 569.45a 48.95a 21.84a 1.87a 
p4 76.41bc 4.15b 420.84cd 37.74de 17.10cd 1.54e 

For explanations, see Table 2 
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Table 4. The effect of concentrations of humic acid (HA) fractions on 
germination parameters 

HA Germination MGR Total seedling Weight per 
(ppm) (%) weight (rag) seedling (mg) 

Fresh Dry Fresh Dry 

Lettuce plants 
0 96.06a 3.09b 370.76c 26.37a 12.04c 0.86a 

40 96.56a 3.17a 367.82c 26.46a 11.90c 0.86a 
100 96.19a 3.16a 403.28b 26.56a 13.11b 0.86a 
200 96.31a 3.14a 436.66a 26.73a 14.17a 0.87a 

Tomato plants 
0 83.13a 3.86b 467.36b 44.12a 17.34c 1.65c 

40 72.85b 4.32a 400.38c 38.81c 17.22c 1.66bc 
100 74.44b 4.23a 471.55b 40.94bc 19.74b 1.72ab 
200 75.21b 4.34a 530.92a 42.03ab 22.16a 1.75a 

For explanations, see Table 2 

f rac t ion  concent ra t ions .  This  la t ter  result  fur ther  con-  
f i rmed  the  di f ferent  response  by the two seeds to  the  add i -  
t ion  o f  humic  fract ions.  In  cont ras t  to the  lettuce, the  to-  
m a t o  seeds appa ren t ly  t ook  up  humic  ma te r i a l  and  the 
rate o f  up take  grew with increasing humic  f rac t ion  con- 
centra t ions .  

In  order  to classify the  behav ior  o f  the  different  
humic  f rac t ions  in to  func t iona l  classes, all da t a  re la ted to  
seed ge rmina t i on  and  seedling growth were poo l ed  to  
cons t ruc t  separa te  dend rog rams  (cluster analysis  as sin- 
g le- l inkage grouping;  Sheath  1957) for  the  let tuce and  the 
t o m a t o  plants .  The  d e n d r o g r a m  for le t tuce (Fig. 1) shows 
tha t  the  different  humic  f ract ions  can be  g rouped  into  
three  classes which are direct ly  re la ted to molecu la r  size, 
the  C percentage  and  the C :  H ratio.  F rac t ions  1, 2 and  
p 4, which increased the fresh weight values, were g rouped  
in one d e n d r o g r a m  class. F rac t ion  7, which also increased 

p4 2 4 5 3 6 p5 
Fig. 1. Dendrogram for the cumulative effects of different humic fractions at 0, 40, 100, and 200 ppm on lettuce seeds 
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Fig. 2. Dendrogram for the cumulative effects of different humic fractions at 0, 40, 100, and 200 ppm on tomato seeds 
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the fresh weight values, fell ins tead  into class three to-  
gether  with o ther  high molecular -s ize  fract ions.  The  den- 
d rog ram for the  ac t ion  o f  humic  f ract ions  on  t o m a t o  
seeds d id  no t  show the same clear  re la t ionship  between 
molecu la r  size and  effects (Fig. 2). However,  f ract ions  7 
and  p 5, which gave higher  f lesh and  dry  weights o f  t oma-  
to seedlings, f i t ted in to  one class tha t  was dis t inct  f rom 
the rest o f  the fract ions.  

Conclusions 

This s tudy on  the effect o f  humic  substances  f rom oxi- 
d ized coal  on seed g e r m i n a t i o n  ind ica ted  tha t  ne i ther  un-  
f r ac t iona ted  humic  acid  no r  humic  f rac t ions  app l i ed  a t  
dif ferent  rates improved  the ge rmina t i on  percentage and  
the mean  ge rmina t i on  rate  o f  le t tuce and  t o m a t o  seeds 
c o m p a r e d  with cont ro l  values. However, these coal -de-  
r ived humic  substances  had  a posi t ive  effect on  the  f lesh 
weight o f  to ta l  seedlings and  the f lesh weight per  seed- 
ling. This  effect was evident  for  un f rac t iona ted  humic  ac- 
id at  increasing rates o f  a d d i t i o n  up  to 5000 ppm.  Thus,  
the  growth  inh ib i t ion  r epor t ed  by Yaughan a n d  M a l c o l m  
(1985) with high huma te  concen t ra t ions  was no t  observed 
here, in agreement  with recent  work  by Krogmeier  and  
Bremner  (1989). 

The  increase in to ta l  f lesh  weight and  in f lesh weight 
per  seedling (Table 4) at  increasing rates o f  humic  f rac t ion  
concen t ra t ions  was pa r t i cu l a r ly  evident  for  le t tuce (Ta- 
ble  3) t rea ted  with f rac t ions  o f  low molecu la r  weight and  
a high content  o f  acidic  groups.  Vaughan  (1974) a t t r ibu t -  
ed the cell e longa t ion  p r o m o t e d  by humic  substances  to 
the f o r m a t i o n  o f  s t rong Fe complexes with humic  acids, 
result ing in a r educ t ion  in wa l l -bound  hydroxyprol ine .  
The  f indings  o f  the  present  s tudy  may  suppor t  this expla- 
na t ion  since f ract ions  o f  low molecu la r  weight and  high 
in acidic  groups  are s t rong complex ing  agents  (Stevenson 
and  A r d a k a n i  1972). A l t h o u g h  the results for  t o m a t o  
seedlings were less s t ra ight forward ,  the  largest  increase in 
to ta l  f lesh weight and  fresh weight per  seedling was ob- 
ta ined  with f rac t ions  o f  relat ively low molecu la r  weight in 
which a suff ic ient ly  high conten t  o f  acidic  groups  had  
been preserved.  

The  dry  weight o f  to ta l  le t tuce seedlings and  the d ry  
weight per  seedling showed no  s ignif icant  differences 
f rom con t ro l  whe ther  the  seeds were t rea ted  with  unfrac-  
t i ona ted  humic  ac id  or  wi th  the  var ious  humic  f ract ions  
at  dif ferent  rates. Conversely, the  t rea tment  o f  t o m a t o  
seeds general ly  increased the d ry  weights. These  results 
suggest  tha t  cell e longa t ion  was the only  effect on  let tuce 
seeds whereas  an  up take  o f  humic  mate r i a l  mus t  have 
also occur red  in the  case o f  t o m a t o  seeds. 
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