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Table 1. Composition of nutrient solution.

Salt mgL—* Concentration(mgL.-")
NH.H.PO. 57 N 45
KNO: 126 P15
Ca(NO:) - 4H.O 177 K :50
MgSO. - 7H.O 185 Ca 30
H:BO. 3 Mg: 18
MnCl. - 4H.0 2 S 27
ZnSO. - 7H.0 0.22
CuSO. - 5H.0 0.05
(NH.)sMo:0.. - 4H:0 0.02
FeSO. - 7H.0 13.9
EDTA 7.82
Si0. 80
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Fig. 1. Trapping system of root exudates.
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Eluates from XAD-4 columns
pH 5.5-6.0 (H:0)

Extracted with methylene
chloride ( CH:Cl2)

CH:Cl: phase

Agqueous phase
( Neutral fraction)

pH 2 (1IM-HCI)
Extracted with CH:Cl:
[ ]
CH:Cl phase Aqueous phase_
( Acidic fraction) pH 11 (1M-NaOH )
Extracted with CH:Cl:

!
CH:Cl: phase

( Basic fraction)

Aqueous phase
( Residues )

Fig. 2. Flow chart for fractionation of alfalfa
root exudates.

Table 2. Varieties and mean one grain weight

of crops used in this experiment.

Mean one grain

Crop Variety weight(mg)
Grasses
White clover (Sonja) 0.7
Red clover (Sapporo) 1.9
Meadow fescue (Tomosakae) 2.0
Timothy (Nosappu) 0.3
Alfalfa (5444) 2.0
Perennial ryegrass (Friend) 3.0
Arable crops
QOats (Hayate) 36
Barley (Ryohu) 43
Kidney beans (Taishoukintoki) 510
Corn (Hinodewase) 289
Soybeans (Toyohomare) 304
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Fig. 3. Change in germination rate of lettuce as affect-
ed by each fraction of alfalfa root exudates
produced by Du Puits grown under ~Fe condi-
tions, Application rate, 300 L.
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Fig. 4. Effect of difference in application rate of neut—
ral fraction of alfalfa root exudates produced
by Du Puits grown under —Fe conditions on
germination rate of lettuce.
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Table 3. Difference in germination rate and radicle
length among crops. Application rate, 300 L.
of neutral fraction; root exudates, Du Puits
growing under ~Fe conditions.

Ralative Relative
Crop germination rate radicle length
(% of control) (% of control)
Grasses

White clover 27 12
Red clover 76 25
Meadow fescue 72 28
Timothy 100 30
Alfalfa 95 48
perennial ryegrass 89 55

Arable crops

Oats 60 47
Barley 93 67
Kidney beans 100 92
Corn 97 107
Soybeans 111 126
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Table 4 . Effect of varietal differences in alfalfa root
exudates on change in germination rate and
radicle length of white clover. Root exudates,
neutral fraction; application rate,300 x#L; gro-
wing conditions of Du Puits and Vertus,
—-Fe.

Relative
germination rate Relative

(% of control) radicle length

. Days after germination (% of control)
Alfalfa variety 1

2 3 4 5
Du Puit 0 6 20 38 59 22
Vertus 3 44 86 90 87 33
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Table 5. Effect of root exudates fromalfalfa(Du Puits)
grown under different growing conditions on
change in germination rate and radicle length
of white clover. Application rate of alfalfa
root exudates, 300x L.

Relative
germination rate Relative

(% of control) radicle lenght

Growing Days after germination (% of control)
conditions 1 2 3 4 5
+Fe 0 6 20 38 59 22

—Fe 34°° b4 "V 89F.97 TRTT 53
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Plate 1 . Growth inhibitation of Cladosporium hardarum
by neutral fraction of alfalfa root exudates.
Left, acidic fraction ;middle, neutral fraction;
right, basic fraction.

140

120

100

80

60

y=12.31x+28.21
r=0.896**

40

Relative germination rate
( % of control )

20

In (one grain weight )

Fig. 5. Relationship between natural logarithm of one!
grain weight and relative radicle length of cro
—-ps. **Significance at 1% level of probability.
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Fig. 6. Relationship between natural logarithm of appli-
cation rate of alfalfa root exudates per unit
grain weight and relative radicle length of cro-
ps. "*Significance at 1% level of probability.
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Summary

Greenhouse and laboratory experiments were conducted at Rakuno Gakuen University in 1994 and 1995 in
order to obtain information on the effect of the allelopathic activity of alfalfa root exudates. The Alfalfa
varieties used in this study were Du Puits and Vertus grown in a sand culture with nutrient solution (+Fe) or
Fe-deficient solution (-Fe). Alfalfa root exudates were trapped by XAD-4 resin columns which were then
eluted with methanol and the eluates fractionated into acidic, neutral and basic fractions by the method used
by Tang and Young. These fractions were used for bioassay and thin layer chromatography bioautogram in
order to determine the effect of the root exudates on the germination and radicle length of crops, and also to
ascertain antifungal activity.

The following results were obtained from the experiments :

1) The neutral fraction from the alfalfa root exudates was more inhibitory to the germination of lettuce than
the other two fractions. This inhibitive effect corresponded to the application rate of the neutral fraction.

2) We examined whether the neutral fraction of alfalfa root exudates showed an inhibitive effect on six grass
species and five arable crops. the response of the crops to the neutral fraction of alfalfa root exudates varied.
This difference in response was calculated against one grain weight of crop and showed a significantly
negative correlation between the degree of inhibition from the neutral fraction and its application rate per
unit grain weight. )

3) The root exudates of alfalfa grown under -Fe conditions were more inhibitory to the germination and
radicle length of white clover than those of alfalfa grown under +Fe conditions.

4) The root exudates of Du Puits were more inhibitory to the germination and radicle length of white clover
than those of Vertus.

5) Growth of Cladosporium harbazum was inhibited by the neutral fraction, while the other two fractions had

no effect.
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