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Abstract: The effect of a concentrated, depotassified beet vinasse (desugared beet 
molasses) on both germination (in l'itro and in soil) and seedling development (in 
soil) of ryegrass Lolium multiflorum has been studied. Germination and root 
elongation of the ryegrass in vitro were more negatively affected by vinasse 
(concentration of 0·15 and 0·5 % w) than those of cress (Lepidium sativum). 
Seedling emergence of ryegrass in pots sown in three different soils (a moderately 
acid, sandy loam soil, without CaCO,,; a red, sandy clay loam soil, 12 % CaCO,,; 
and a light yellowish-brown sandy clay loam soil, 30 % CaCO:) was, in general, 
not affected by the application of a moderate dose of pure vinasse ( ~ 3 t ha- I

) at 
sowing or 30 days before. Only in the acid soil was seedling emergence significantly 
(P < 0'05) limited during the first week. The application of vinasse at sowing 
caused an initial significant shortening (P < 0'05) of the primary roots of ryegrass 
in the three soils studied (measured at the fourth day). However, plant fresh 
weights (measured at the thirtieth day) were not affected by this treatment, 
especially in the calcareous soils. In general, the vinasse application produced 
beneficial results for ryegrass seedling in the three soils. 

Key words: vinasse, ryegrass, cress, acid soil, calcareous soil, red soil, germination, 
root length, plant weight. 

INTRODUCTION 

Beet vi nas ses are beet molasses that are almost com
pletely biochemically desugared (and, sometimes, sub
sequently concentrated and depotassified), and the use of 
which as fertilizer is being studied at present in many 
countries. Beneficial effects of beet vinasses on soil and 
crops have been reported (Debruck and Lewicki 1985; 
López el al 1990), although information is still scarce. On 
the other hand, Cabrera el al. (1987) found an ap
preciable increase in soil salinity as consequence of 
vinasse application. 

application to soils (at rates of 2,5-3 t ha- 1 for grain, 
4--5 t ha- 1 for root crops (Debruck and Lewicki 1985)) 
should be made at least 1 month befo re sowing (Cuadros
García 1989), which could allow possible nutrient losses 
by leaching. 

Vinasses certainly contain a large amount of salt (up 
to 14 % of total salt, 2-3 % Cl-, 3--4 % SO! in 
concentrated, depotassified beet vinasses) which, in 
theory, could be harmful for germination and seedling 
growth of plant species less tolerant to salt. Thus, their 
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The moderate doses of vinasse previously mentioned 
do not result in excessive salt loading when applied to 
soils. If the seeds of many plants could tolerate the 
presence of this amount of salt, the vinasse could be 
applied at sowing, with the consequent partial saving of 
nutrients. The relatively large content of N ( - 30 g kg-1 

mostly in aminic N form) and K (30--40 g kg-1
) in 

concentrated, depotassified vinasses, and presence of Ca 
in soils could be beneficial factors for the application at 
sowmg. 

The present paper deals with the effect of a concen
trated beet vinasse on germination of ryegrass in vilro 
and on the seedling performance in pot trials using soils 
with different levels of calcium. 
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EXPERIMENT AL 

Table 1 shows so me characteristics of the concentrated, 
depotassified vinasse used in these experiments (available 
for sale from Ebro-Agrícolas SA, Seville, Spain). 

Germinadon in vitro 

ln-vitro bíoassay was performed according to Zueco ni el 

al (1985), wíth water containing 0·15 and 0·5% (w) of 
raw vinasse. Volumes of 1 mI of vinasse solutions were 
added to Petrí dishes (5-5 cm diameter) lined with filter 
paper and containing five seeds of ryegrass (Lolium 
multiflorum Lam cv Barwoltra), thereby adding of 1·89 
and 6· 30 mg of vinasse per dish. Electrical conductivitíes 
(EC) of vinasse soIutions were - 0-90 dS mI and 
3-10 dS m ·1 for the 0·15 and O- 5 % solutions, respecti vely. 
A control was prepared in the same way but adding 1 mI 
of deionised water. A randomised complete block design 
with 20 replica tes was used. Seeds were incubated at 
22°C in the dark. As a reference (lnternational Seed 
Testing Association (1ST A) 1985) the same procedure 
was followed with cress (Lepidium sativum L). Numbers 

TABL.E 1 
Analyses of the depotassified, eoneentrated beet vinasse" 

pH 
C/N 
Density (g ern-:1) 

Dry rnatter 
Total organie rnatter 
Oxidisable organie rnatter 
Total N 
Total P 
Total K 
Total S 
Total Ca 
Total Mg 
Total Na 
Total CI 

a Units are g kg- 1 unless otherwise stated_ 

TABLE 2 
Soils deseription 

A cid 

pH (HP) 6·3 
CaCO" (g kg-') < 5-0 
Organie rnatter (g kgl) 5·0 
N (g kg-l) 0·3 
P-Olsen (rng 2·0 
CEC" (ernol,. kg-') 5·0 

" Cation exehange eapaeíty. 

5 
3-8 
1-3 

540 
400 
220 

33 
0·2 

35 
10 
3 

10 
20 
20 

Red 

7-7 
120·0 
no 
0-6 
9'0 

12·0 

Cal-
careous 

7-8 
300·0 

6·0 
0·3 
4·0 

lO-O 
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of germinated seeds and root length were measured in 
both cases after 48, 72 and 96 h. and expressed as 
percentages of the control. Germinatíon index (GI) was 
obtained multiplying percentage germinatíon by per
centage roo! length, divided by 100. 

Germination in pots 

Germination of ryegrass was studied in pots using the 
surface horizon of three different soils of south-west 
Spain: a moderately acid, sandy loam soil. a red and light 
yellowish-brown sandy cIay loam soil (Soil Survey Staff 
1951), which will be called acid, red and calcareous soils, 
respectively, throughout this paper. Table 2 shows some 
characteristics of the soils. Before preparing the tests, the 
soíls were air-dried and ground to pass a 2 mm sieve to 
make the particle size uniformo Small pots of - 300 g of 
dry soil were used and an agricultural dose 01' vinasse 
roughly equivalent to 3 t ha- 1 

( '" 990 mg per pot) was 
applied in the surface of each soil at sowing (treatment 
Yo) and 30 days before (treatment Vao). Controls (C) 
wcre prepared without addition of vinasse. Randomised, 
complete block designs with 10 replicates per treatment 
and 10 seeds per pot were prepared for each soil, 
monitoring seedling emergen ce during 20 days. At the 
end of this period, shoot fresh weights were obtained for 
each soil and treatment. 

A parallel assay was prepared in a similar way (10 
replicates per treatment and soil with 10 seeds per pot) in 
order to measure the sheath, shoot and root lengths 
4 days after sowing. The root system was obtained by 
completely crumbling each soil in water, and immediately 
measuring the complete primary rooL EC was measured 
in the upper 1 cm layer of the soil at sowing (four 
measurements in each pot of each treatment). Through
out the assay, temperature during the 12-h day (maxi
mum photon flux density of 500 10,uE m 2 s-1) ranged 
from 20 to 25°C and during the 12-h night from 15 to 
lO°e. 

When data were subjected to an analysis of variance 
the mean separation was performed by the Tukey test. 
A significant level of P < 0·05 was used throughout the 
study. 

RESULTS AND DISCUSSION 

Results in vitro 

Table 3 shows sorne results of the in-vitro germination 
and root growth 01' cress and ryegrass, according to the 
test of Zucconi et al. (1985). Cress is a recommended 
species for germination microtests beca use of its excelIent 
characteristics as an indicator plant for phytotoxic 
substances. 

It is interesting to note that germination and root 
elongation of cress seem to be les s affected than those of 
ryegrass by vinasse, as demonstrated by the GI values. 
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TABLE 3 
Germination o[ eress (Lepidium) and ryegrass (Lolium) bioassay in vinasse" 

Species Time Vinasse Germinarían RoO{ length GI 
(h) concentrarion (% of cOIurol) (% of control) (%) 

(%) 

Lepidium 
O 100 a lOO a 

48 0-15 95-8 a 26-3 b 25 
O-50 94-0 a 16-7 b 16 

O 100 a 100 a 
72 0·15 98-3 ab 50-O b 49 

O-50 93·2 b 15-4 e 14 

O 100 a 100 a 
96 0-15 97·5 ab 48-0 b 47 

0·50 92·9 b 14-4 e 13 

Lolium 
O lOO a 100 a 

48 0-15 36-4 b 77-5 a 28 
0'50 18-2 b 62·0 a 1I 

O lOO a 100 a 
72 0-15 85-0 a 35-0 b 30 

O-50 40-0 a 14-7 e 6 

O lOO a 100 a 
96 0-15 81-0 a 2Nb 18 

O-50 35-0 b 13-6 b 5 

a Values followed by the same letter in the same eolumn ([or each speeies and time) do not differ signifieantly (P < 0'05) . 
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Fig 1. Germination of ryegrass in the three soils studied: (O) treatment e; (.) treatment Vo; (O) treatment V w-

The reduction of these values is more pronounced in 
ryegrass because of the more significant reduction of the 
root length values as the concentratíon of vinasse is 
íncreased. In contrast, Cabrera el al (1990), reported the 
opposíte effect when using another organic residue of a 
low salt content (compost derived from olive vegetatíon 
water residues). 

Ryegrass cv Barwoltra can thus be regarded as a 
cultivar reasonably sensitive to vinasse presence, as 

shown by the shortening of root lengths in vitro_ 
Although Lolium has been described as a reasonably salt
tolerant genus, one ofthe most tolerant species of Lolium 
(L perenne) has shown a considerable sensitivity to 
saline conditions during early growth (Harivandi el al 
1982; Pérez el al 1986). Symptoms of toxicity are more 
pronounced at an early stage of root growth (ISTA 
1985), and can certainly cause a shortening of the roots, 
even at low concentrations (Zucconi el al 1985). 

13-2 
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TABLE 4 
EC values of the soils (0-1 cm) at sowing" 

Trearments EC (dS m-l
) at 25°C 

Acid soil 

0-47 a 
1·30 c 
0·88 b 

Red soil 

0·58 a 
1·95 c 
1·63 b 

Calcareous 
soil 

0·53 a 
1·70 c 
1·54 b 

" Values followed by the same letter in the same column do not 
differ significantly (P < 0'05). 

Results of pots experiments 

When moderate amounts of vinasse are applied to 
soils there is not a significant reduction in the number of 
emerged seedlings, compared with control s in spite of a 
likely shortening of root growth. Figure 1 shows that the 
germination percentages of ryegrass in the treated soils 
are similar to those of the control s when a moderate dose 
of vinasse (0'7 mI per pot, ~ 3 t ha-1

) is applied at 
sowing (V o) or a month before (V 30)' 

The application of vinasse at sowing (V o) initiaIly 
causes a significant reduction (P < 0'05) of percentage 
shoot emergence in the acid soil (days 4 to 7). After the 
first week, this effect disappears. No effect is observed in 
the red soil. The calcareous soil shows a small and 
increasing effect of vinasse. 

Table 4 shows that EC values of surface soils at sowing 
are larger after treatment Vo than after Val)" Also, it 
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can be observed that EC values for the acid soil in 
both treatments are smaller than those for the red 
and calcareous soils. It seems that a conductivity of 
~ 1·30 dS m-1 in the acid soil is detrimental for emer
gence of ryegrass (Fig 1). However, the same figure 
shows that larger values of EC (1,95 and 1·70 dS m-1 for 
red and calcareous soils, respectively) do not affect 
emergence of ryegrass at all. Table 4 shows that the 
application of vinasse before sowing (V 30) causes a 
comparatively smaller increase of EC in the top of the 
acid soil than in the red and calcareous soils. This could 
explain, at least in part, why seedling emergence in 
treatment V:lO is only slightly affected in the acid soil, by 
comparison with the red and caIcareous soils (Fig 1). 

In general, the presence of soil allows seeds to tolerate 
higher salt concentrations than those in in-vitro con
ditions. An EC of ~ 0·9 dS m- 1 (vinasse concentration 
of 0·15 %) reduces germination of ryegrass in l'itro to 
~ 20% 96 h after 'sowing' (Table 3). However, Fig I 
shows that in the red and calcareous soils, an EC of 
~ ],95 and ],70 dS m-1 (pure vinasse, Table 4), does not 
affect the seedling emergence of ryegrass. In the acid soil 
an EC greater than ],0 dS m 1 (Table 4) is necessary to 
limit seedling emergence significantly ( ~ 50 %, 4 days 
after sowing) (Fig 1). 

These results are corroborated by data in Table 5, 
which summarises a parallel study carried out to check 
the effect ofvinasse on a root length, 4 days after sowing, 
in the three soils assayed. As expected, when vinasse is 
applied at sowing (Vo)' germination percentages do not 
differ significantly in the red and calcareous soils but they 
are significan tI y smaller (P < 0'05) in the acid soil 
(~50%). However, root length is negatively affected in 
all three soils as a consequence of the vinasse application 

TABLE 5 
Germination, root and sheath length, GI, root to shoot ratio (after 4 days) and mean fresh plant weight (after 30 days) of ryegrass" 

Soil Trearmenrs Germinarion Roor lengrh GI Shearh lengrh Root to Meanfresh 
(01., ol (mm) (%) (% of shoor plant weighr 

control) cOnlrol) alrer 30 days 
(mg) 

------ ~-~----

Acid 
C 100 a 25·5 a 100 a 1·3 b 33·2 b 
Vo 52·2 b 10·8 b 22 46-4 b 3·0 a 35·0 ab 
V30 88·9 a 27·7 a 86 90·6 a 1·7 b 40·7 a 

Red 
C 100 a 39·9 a 100 a 1·8 b 29·5 b 
Vo 100 a 20·6 b 52 87·9 a 1·1 c 44·5 a 
Vao 91'0 a 40'5 a 92 84·3 a 2·2 a 48·0 a 

Calcareous 
C 100 a 37-4 a 100 a 2·2 a 30'5 c 
VD 93·8 a 16-4 b 41 77-5b l-4b 43·8 a 
Vw 107 a 39·5 a 113 94·0 ab 2·0 a 37-4 b 

a Values followed by the same letter in the same column (for each soil) do not differ significantly (P < 0'05). 
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TABLE 6 
Root and sheath length (mm) and root to shoot ratio 01' ryegrass plants 01' differenl sizes" 

Soif Treatments 0-10 mm 10-20 mm 20-30 mm 

Rool Shearh Root Root Sheath Root Root Sheath Rool 
to to 10 

shoot Shoot shool 

Acid 
C 8·7 a 7·7 a \·2 a 20'3 a 9·7 a 1·6 a 29·0 b 16·9 a \·1 b 
Vo 9·3 a 4·0 a 3·6 a \5·6 a 13·2 b \.\ a \6'5 a \6·5 a 0·7 a 

V"o 14-4 a 5·9 a 2'3 a 27-4b 12·3 b \·8 a 29·\ b 15·9 a ],2 b 

Red 
C 18·8 a 5·8 a 3·4 a 28·6 ab 12·8 a 2·0 b 4\·3 b 17-9 a l-8b 
Vo 9·8 a 5·6 a 1·9 a \7·5 a 12·6 a 1·2 a 19'3 a 17·0 a 0·8 a 

Van 17·2 a 6·8 a 2·9 a 37·7 b 12-3 a 2'5 b 48·6 b 17·6 a 1·9 b 

Calcareous 
C 12·8 a 4·2 a 3·7 b 33-3 b 19·8 a 2·6 b 44·3 b 19·8 a \·7 b 
Vn 10'7 a 6·8 a 1·7 a 17'8 a 20·7 a ],3 a 22·7 a 20·7 a 0·9 a 
V,w 14·2 a 6·8 a 2·1 ab 35·6 b 15·7 a 2-4b 50-4 b 15·7 a 1·9 b 

(J Values 1'ollowed by the same letter in the same column (for each soil) do not diffcr significantly (P < 0'05). 

at sowing. As shown in Table 4, this treatment (Vo) 

produces significantly larger (P < 0'05) conductÍvities in 
the three soils studied. As expected, values of GI are 
smaller when vinasse is applied at sowing (Vo) especiaJly 
in the acid soil, where both root length and germination 
percentages are smaller than those of the controL 

On the other hand. data in Table 5 seems to indicate 
that when vinasse is applied to the acid soil at sowing 
(Vo)' the early growth ofthe above-ground parts (sheaths 
and whole tops) is limited to a greater extent than that of 
the roots. Therefore, the root to shoot ratio in the acid 
soil is significantly larger and the sheath size significantly 
smaller than of those in the control treatment (C). 

However, when plantlets are arranged into different 
sizes it can be seen (Table 6) that root to shoot ratio is 
only affected in the less developed plantlets (shoots from 
O to lO mm) and without statistically significant dif
ferences between treatments. Plants at a more advanced 
stage of development (shoots ranging from 10 to 20 and 
20 to 30 mm) show, in general, a similar trend in the 
three soils. The shortening of roots (primary roots) is the 
most important feature that can be observed when 
vinasse has been applied at sowing (treatment Vol. 

However, this does not seem to limit further per
formance of the plantlets. It can be seen in Table 5 that 
the mean fresh plant weights at the thirtieth day are not 
restricted but rather increased by the application of 
vmasse. 

Further results obtained with ryegrass cv Barwoltra, 
sunflower, sorghum and other plants grown in a 
greenhouse (in preparatíon) seem to confirm the idea 
that the application of moderate amounts of vinasse at 
sowing does not cause any detrimental effect on 
germination, seedling emergen ce or biomass production 

of most plants, at least in soils well provided with 
calcium. 

As pointed out by Powlson el al. (1989), Hansen 
(1989) and other authors, leakage of nitrate to aquifers 
over the winler period is an almost inevitable result of 
applying organic manures and wastes to autumn-sown 
crops. However, this leakage could be reduced by 
applying small amounts and avoiding application too [ar 
in advance of sowing, especially if the product is a readily 
decomposable waste, such as vinasse. First results 
obtaíned in vínasse mineralísation experíments, being 
run at present with one sandy soil and with the light 
yellowish-brown sandy clay loam soiJ used in this work, 
show thal in one month, ~ 40 and 30 %, respectively, of 
the total organic N of the vinasse was transformed 
(López, R, unpublished). 

ACKNOWLEDGEMENT 

This work was supported by the CICYT of Spain 
(Project PB 87~0373). 

REFERENCES 

Cabrera F, Moreno F. Nacci S, Arambarri P 1987 Utilization 
01' wastes 1'rom olive and sugar beet processing industries in 
1'ertirrigation. In: Proc 4th lnt CIEC Symposium, Braun
schweig, ed Welte.E & Szabolcs 1, pp 475-483. 

Cabrera F, López R, Murillo J M. Breñas M A 1990 Olive 
vegetation water residucs composted with other agricultural 
by-products as organic fertilizer. 10th World Ferl. Congo 
ClEC, Nicosia (in press). 

Cuadros-García S, 1989 Utilización agrícola de los residuos 
líquidos. In Residuos urbanos y Medio Ambiente. ed Herráez 



160 

1, López J, Rubio L & Fernández M E. Ediciones de la 
Universidad Autónoma de Madrid, Spain, pp 207-221. 

Debruck J. Lewicki W 1985 Eínfluss von rübenvinasse im 
ackerbau auf ertrag, strohorotte und bodenfruchtbarkeit 
Landwirtsch Forschung 38317-327. 

Hansen J F, 1989 Nitrogen balance in agriculture in Denmark 
and ways of reducing the loss of nitrogen. In Managemenl 
Systems ro Reduce impacr oj' Nitrates, ed Germon J e 
Elsevier Science Publishers, London, UK, pp 1-15. 

Harivandi M A, Butler J D, Soltanpour P M. 1982 Salt 
inftuence on germination and seedling survival of síx cool 
season turfgrass species. Commun Soil Sci Plant Anal 13 
519-529. 

International Seed Testing Associatíon (ISTA) 1985 In ter
natíonal rules for seed testing. Rules 1985. Seed Sci. Technol 
13 299-355. 

López R, Cabrera F, Murillo J M, Machuca M J 1990 
U tílización como abono de vinaza concentrada. Actas i 

J M Murillo, F Cabrera, R López 

Congreso internacional de QlIIínica de la ANQUK Vol 2. 
Puerto de la Cruz, Tenerife. pp 223-232. 

Pérez J D, Esteban E. Gómez M, Gallardo-Lara F 1986 Effects 
of wastewater from olive processing on seed germínation and 
early plant growth of different vegetable species. J Em'iroll 
Sci Health 821 349-357. 

Powlson D S, Poulton P R, Addiscott T M, McCann D S 1989 
Leaching of nitrate from soils receiving organic and inorganic 
fertilizers continuously for 135 years. In: Nitrogen in Organic 
Wastes Applied lo Soils, ed Hansen J A & Henriksen K. 
Academic Press, London, UK. pp 334-345. 

Soil Survey Staff 1951 Soil Sun'ey Manual. es Dept. 
Agriculture Handbook No 18. US Government Printing 
Office, Washington, DC, USA. 

Zucconi F, Monaco A, Forte M, Bertoldi M de 1985 
Phytotoxins during the stabilízation of organic mattee. In: 
Composring ()fAgricultural and Other Wastes, ed Gasser J K 
R Elsevier Science Publishers, London, UK. pp 73-86. 


