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The effects of aqueous extracts of plant roots on
germination of seeds and growth of seedlings

Park, Chan Ho

Seoul Agricultural college

SUMMARY

This study aimed at contributing to the improvement of cropping systems after finding out the effects of excrements
and components of crop root influence on other crops as well as themselves.

The following forage crops suitable for our couniry were selected for the present study. Aqueous extracts of fresh
roots, aqueous extracts of rotting roots and aqueous solutions of excrements of red clover, orchard grass and brome
grass were studied for the effects influencing the germination and growth of seedlings of red clover, ladino clover,
lespedeza, soybean, orchard grass, Italian ryegrass, brome grass, barley, wheat, sorghum, corn and Hog-millet.

In view of the possibility that the organic acid might be closely related to the excrements and components of crop
root connected with soil sickness, the acid components of three species of roots were analysed by paper chromatography
and gas chromatography method, '

The following results were obtained:

1. Effecis of Aqueous Extracts of Fresh Roots

Aqueous extracts of red clover: The extracts inhibited the growth of seedlings of the ladino clover and lespedeza and
also inhibited the development of most crops except that of sorghum among the Graminaceae,

Aqueous extracts of orchard grass: The extracts promoted the seedlings growth of red clover and soybean, while it
inhibited the germination and growth of orchard grass. There were no noticeable effects influencing other crops while
it inhibited the growth of barley and Hog-millet.

Aqueous extracts of brome grass: There was no effect on Italian ryegrass but there was an inhibiting effect on the
other crops.

2. Effects of Aqueous Extracts of Rotting Roots

Aqueous extracts of red clover: The extracts promoted the seedling growth of red clover. But it reflected the
inhibiting effects on other crops except sorghum. ’

Aqueous extracts of orchard grass: The extraus promoted the growth of red clover, ladino clover, soybean and
sorghun, while it inhibited the germination and rooting of barley and Hog-millet.

Aqueous extracts of brome grass: The extracts gave the promotive effects to the growth of red clover, soybean and
sorghum, but caused inhibiting effects on orchard grass, brome grass, barley and Hog-millet.

3. Effects of Aqueous Solutions of Excrements

The aqueous solution of excrements of red clover reflected the inhibition effects to the growth of Graminaceae, while the
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-aqueous solutions of excrements of orchard grass and Italian ryegrass caused the promotive effects on the growth of red clover.
4. Results of Organic Acid Analysis

The ozalic acid, citric acid, tartaric acid, malonic acid, malic acid and succinic acid were included in the roots of red clover
-as unvolatile organic acid, and in the orchard grass and brome grass there were included the oxalic acid, citric acid, tartaric acid
-and malic acid. And formic acid was confirmed in the red clover, orchard grass and brome grass as volatile organic acid.

In consideration of the results mentioned in above the effects of excrements and components of roots found in this
-studies may be summarized as follows.

1) The red clover generally gave a disadvantageous effect on the Graminaceae. Such trend was considered chiefly
-caused by the presence of many organic acids, namely oxalic, citric, tartaric, malonic, malic, succinic and formic acid.

2) The orchard grass generally gave an advantageous effect on the Leguminosae. This may be due to a few kinds of
organic acid contained in the root, namely oxalic, citric, tartaric, malic and formic acid. Furthermore a certain of
promotive materials for growth was noted.

3) As long as the root of brome grass are not rotten, it gave a disadvantageous effect on the Leguminosae and
Graminaceae., This may be due to the fact that several unidentified volatile organic acid were also incladed besides the
confirmed organic acid, namely oxalic, citric, tartaric, malic and formic acid.

5. Effects of Components in Roots to the Soil Sickness

1) It was considered that the cause of alleged red clover’s soil sickness did not result from the toxic components of
the roots.

2) It was recognized that the toxic components of roots might be the cause of soil sickness in case the orchard grass
and brome grass were put into the long-term single cropping.

6. Effects of Rooted Components to the Companion Crops in the Cropping System

) In case of aqueous extracts of fresh roots and ~queous excrements (Inter cropping and mixed cropping)
1) Advantageous combinations

Orchard grass——— Red clover, Soybean
Italian ryegrass —— Red clover
2) Disadvantageous combinations
Red clover——— Ladino clover, Lespedeza, Orchard grass, Italian ryegrass, Fescue Ky-31, Brome grass, Barley,
Wheat, Corn and Hog-millet
Orchard grass — Lespedeza, Orchard grass, Barley and Hog-millet
Brome grass —— Red clover, Ladino clover, Lespedeza, Soybean, Orchard grass, Brome grass, Barley, Wheat,

Sorghum, Corn and Hog-millet
:3) Harmless combinations

Red clover——— Red clover, Soybean and Sorghum
Orchard grass — Ladino clover, Italian ryegrass, Brome grass, Wheat, Sorghum and Corn
Brome grass —— Italian ryegrass
B> In case of aquecus extracts of rotting roots(After cropping)

1) Advantageous combinations
Red clover——— Red clover and Sorghum
Orchard grass — Red clover, Ladino clover, Soybean, Sorghum, and Corn
Brome grass —— Red clover, Soybean and Sorghum

:2) Disadvantageous combinations
Red clover——— Lespedeza, Orchard grass, Italian ryegrass, Brome grass, Barley, Wheat, and Hog-millet
Orchard grass — Barley and Hog-millet
Brome grass —— Orchard grass, Brome grass, Barley and Hog-millet

3) Harmless combinations
Red Elover;-——> Ladino clover, Soybean and Corn
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‘Orchard grass — Lespedeza, Orchard grass, Italian ryegrass, Brome grass and Wheat

Brome gass — Ladino clover, Lespedeza, ltalian ryegrass and Wheat
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Table 1. Composition of liquid of water culture(mg/l)
mineral Leguminosae Graminaceae
NH,NO; 57.5 71.4
KCl 43.0 —
KgSO4 - 157
KH,PO4 38.3 95.8
Ca(NOy); 117.0 14.7
MgSO4-7H20 245.0 114. 6
Fe-tartarate 5.0 5.0
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Table 2. Effects of fresh root aqueous extracts of red clover, orchard grass brome grass on germination of

seeds and growth of seedlings for red clover, ladino clover and lespedeza.

Germination(%) Seedling length(mm)
Crop reated Source of extract
2 days | 4 days 2 days [ 4 days
Red clover 79.33 86.00 15.17 30.78
Control 89. 67 93.00 12.41 25.27
Red clover Orchard grass 75.67 88.33 9. 16%* 35.38*
Control 79.00 83.67 6.11 24.64
Brome grass 44, 33%* 86. 66* 2.37%* 18. 35%*
Control 83.68 93.25 5.57 26.72
Red clover 19.00 23.66 5.26 9. 89*%
Control 22.67 20.67 4.12 17.55
Ladino Clover Orchard grass 21.33 26.33 4.95 16.36
Control 22.67 29.67 4.12 17.55
Brome grass 9.67* 19. 00* 0. 50** 7.50%*
Control 21.89 29.03 2.49 15.10
Red clover 33.67 49.67 7.64 24.01*
Control 27.00 54.67 9.99 38.14
Lespedeza Orchard grass 29.00 53.00 8.50 27.41%*
Control 27.00 54.67 9.99 38.14
Brome grass 25.00 49.33 5.43% 29. 48*
Control 25.33 44.67 7.16 40.47

Note : * Significant at 5% level.

** Significant at 1% level.

Table 3. Effects of fresh root aqueous extracts of red clover, orchard grass and brome grass on germination
of seeds and growth of seedlings for 3 grasses.

Crop treated jSource of extract | Germination(%) Rooting(%)  |Root length(mm)| Shoot length(mm)

Red clover 22.00** 33.33%* 7.90** 7.79%
Control 39.00 €0.33 18.22 13.06

Orchard grass Orchard grass 23. 67 46. 00** 12. 19%* 10. 64
Control 39.00 60. 33 18.22 13.06
Brome grass 9. 66* 17.00* 6.93 3.37
Control 16.33 31.33 9.10 5.37
Red clover 29. 00** 25, 33** 1.72%* 8.66%*
Control 36.33 36.00 20.13 15.27

Italian rye grass Orchard grass 32.33 32.33 16.95 14.48
Control 36.33 36.00 20.13 15.27
Brome grass 31.33 32.33 12.46 11.04
Control 31.33 31.67 16. 66 13.73
Red clover 41. 00** 74.33 11.00% 6.54*
Cor.trol 61.G60 82. 66 16.33 9.53

Brome grass Orchard grass 63.67 80.33 16.53 9.28
Control 61.00 82.66 16.33 9.53
Brome grass 18. 00** 40. 66** 3,18%* 4.36%*
Control 61.00 82.66 16.33 9.53

Note : 1. Countings made 6 days after treatment.

— 8

2. * Significant at 5% [evel. 3.

** Significant at 1% level.



. Fig. 3. Influence of red clover aqueous extract
Fig. 2. Influence of orchard grass extract of fresh g 3 q
of freshroots on orchard grass.
roots on red clover.

Top: Orchard grass extract treatment Top: Control
Under: Red clover extract treatment
Under: Control

Fig. 4. Influence of orchard grass extract of fresh Fig. 5. Influence of orchard graass and red clover
roots on orchard grass.

extract of fresh roots on Italian ryegrass.
Top: Control Top: Control
Middle: Orchard grass extract treatmart
Under: Red clover extract treatment

Under: Orchard grass extract treatment

Fig. 6. Influences of various extract of fresh roots
on barley. Fig. 7.
Top-left: Control
Top-right: Red clover extract
Under-left: Orchard grass extract
Under-right: Brome grass extract

Influences of various fresh root extract on wheat.
Top-left: Control

Top-right: Red clover extract
Under-left: Orchard grass extract
Under-right: Brome grass extract



Fig. 8. Influences of brome grass extract of fresh roots
on various crops.
Top: Control
Under: From left corn, Hog-millet, wheat, sorghum
and Barley

Table 4. Effects of fresh root aqueous extracts of red clover, orchard grass and brome grass on germination
of seeds ard g-owth of seedlings for certain crops.

Crop treated Source of extract! Germination(%) | Rooting(%) ;Rooot length(mm)| Shoot length(mm)
Red clover . 55.33 b 83.33 a ‘ 11.24 ¢
Barley Orchard grass 68.66 a 82.00 a 15.72 b
Brome grass 41.33 be 61.33 b | 7.60 d
Control 71.89 a ! 82.55 a 20.03 a
Red clover 72.47 a 75.16 a l 24.44 b 13.85 b
Wheat Orchard grass 74.00 a 75.33 a 42.07 a 17.33 abb
Brome grass 73.26 a 72.53 a 17.64 b 15.50 b
Control 76.60 a 77.27 a 40.77 a 21.57 a
Red clover 74.86 a 83.69 a 20.31 a 7.29 a
Sorghum Orchard grass 77.62 a 80.89 a 20.60 a 7.22 a
Brome grass 59.11 b 71.33 b 5.56 b 4.75 b
Control 70.67 a 76.67 a 18.00 a 7.33 a
Red clover 46.67 b 93.33 b 37.63 a 11.18 ab
Corn Orchard grass 58.89 ab 98.89 a 43.38 a 13.51 a
Brome grass 44.45 b 96.67 ab 21.69 a 8.19b
Control 67.78 a 96.67 ab 43.26 b 13.14 a
Red clover 43.33 ab 58.67 b 13.64 b 5.38 b
Hog.millet Orchard grass 45.04 ab 68.48 a 14.13 ab 7.83 a
Brome grass 31.83 b 60.58 a 2.58 b 4.36 b
Control 59.02 a 76.99 a 21.45 a 9.66 a

Note: 1. Countings made 3 days after treatment. 2. Treatments that have no letters in common are significantly-
different at 5% level.
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Table 5. Fffects of fresh root aqueous extracts of red clover, orchard grass and brome grass

o4 e g

on germination and growth of soybean seeds.

Treatment (root extract) Germination(%) ’ Seedling length(mm)
Red clover hd 80.33 a I 19.54 b
Orchard grass 68.67 a | 28.11 a
Brome grass 51.00 b { 14.19 ¢
Control 76.67 a t 22.18 b

Note: 1. Countings made 3 days after treatment
2. Treatments that have no letters in common are significantly different at 5% level.

Table 6. Effects of fresh root aqueous mixed extracts of red clover and Orchard grass on germination
and growth of red clover seeds and orchard grass seeds.

Crop treated ' Source of Germination Rooting Shoot length | Seedling length ‘ Roati1 é??gth
extract (%) (%) (mm) (mm)
Red+Orchard,  86.67 | 43.20%*
Red clover Red clover I 85.00 [ 34.05
Control g 89.67 | 32.38
Red+Orchard,  0.00% | 28.67% 2.97* { 2.57*
Orchard grass| Orchard grass% 8.67F 28.00* 5.63 4.33*
Control 15.67 ] 50. 00 494 | 8.22

Note 1, Countings made 4 days after treatment. 2. *

Significant at 5% level.

3. ** Significant at 1% level.

Table 7. Effects of fresh root aqueous extracts of red clover, orchard grass and brome grass on germination

and growth of various crops. (Summary)

Source of
extract

Crop treated

Germination

Rooting

Seedling length

Root length ‘ Shoot length

Red clover

Red clover
Ladino clover
Lespedeza
Soybean
Orchard grass
Ttalian ryegrass
Brome grass
Barley
Wheat
Sorghum
Corn
Hog-millet

o

!

—11



Red clover +
Ladino clover
Lespedeza —
Orchard grass| Soybean -+
Orchard grass — — —
Ttalian ryegrass
Brome grass
Barley

Wheat G
Sorghum
Corn &) NED)
Hog-millet - - )

Red clover -— —
Ladino clover — -
Lespedeza —
Brome grass | Soybean —_ —
Orchard grass — —
Italian ryegrass
Brome grass — — ) —_ —
Barley — - — —_
Wheat — —
Sorghum — — — -
Corn — — —

Hog-millet — l, — —

Nate: 1. + : Promotion, — : Inhibition, { ) : Tendency. 2. Legums were examined for germination and seedling
length while grasses were examined for germination, rooting, root length and shoot length.

Table 8. Effects of various concentrations of fresh root aqueous extracts of red clover, orchard grass and brome
grass on germination and growth of red clover seeds.

Concentration Germination (%) Seeding length (mm)
Root extract .
of stock solution 2 days 4 days 2 days 4 days
0 78.30 a 89.67 a 4.27 a 32.38 a
Red clover 1 48.67 b 86.33 a 4.28 a 17.28 b
1/2 69.00 a 85.00 a 4,90 a 34.05 a
1/3 78.00 a 90.33 a 4.93 a 33.41 a
1/4 79.00 a 94.33 a 5.09 a 32.78 a
4} 78.33 a 89.66 a 4.29 b 32.38 b
Orchard grass 1 62.33 b 86.33 a 2.34 ¢ 25.24 ¢
1/2 72.00 a 89.00 a 2.63 ¢ 27.56 ¢
1/3 74.66 a 93.00 a 6.34 a 38.30 a
1/4 72.66 a 86.66 a 5.00 ab 35.82 ab
0 78.33 a 89.66 a 4.29 a 32.38 a
Brome grass 1 13.33 d 18.66 b 0.65 b 1.50 ¢
1/2 38.66 ¢ 83.33 a 3.11 ab 13.31 b
1/3 53.00 b 86.66 a 3.99 a 22.23 b
1/4 57.66 b 86.66 a 4.69 a 25.76 a

Note: Treatments that have no letters in common are significantly different at 5% level,



& P PlAE SFE HAHM 21 FTRL Pon,
2= 3L

AEgaoue SRIEE S99

= Aolehx s,

LodEazt2 ARHEL HRewd Bl -
FEY EREL PRSI st A A AR S R
A =tn e & Ja, KERES Hlds g
Yol = Bl B3} LR 2 gL v goit, B
C Hds THE 98¢ vln g

regadse K#E HE, RAEARY 2E feyd
ol BIFY ARS MHRED & 5 g RERK
Biql o) g gtate]metant ¥ =g el R MG B
g \EHAel Eelsta & 47 o

gz, cooxzavls @ BaLaglro B
7 SWHES BEd HE 9L BEE 2ax o E
ARwe s RERY AsF2ey, soxzante
9] BT REBRRT BRe $£89E 2 F M
WMo B rzgastrd Hier 9, vy, S5
o ET EHBERT SRE FH10RS 24+

o] BB MRy FRAA 2 v Zeo] A8 BE
7F B A o) =era] GgFo] Hojz o, L=
29 HARITKRS HEs] EREAAE d=gze9y
g BEY g PlA L G MR dor
dedz otk codeastae] AR KE M
B EREdAEZ MERelda, et HEK
2 o) % gl A BEMHY 9gE viE: 4 4
gt

Table 9. Effects of various concentrations of fresh root aqueous extracts of red clover, orchard grass and
brome grass on germination and growth of orchard grass seeds.

gc:ﬂ)centf- Germination(%) Rooting Shoot length(mm) Root length(mm)
Root extract stockn o
solution | 4 days | 6 days | 4 days ] 6 days 4 days 6 days 4 days 6 days
0 15.67 a| 50.33 a‘ 50.00 a] 79.33 aj 4.94 a 25.23 a 8.22 a 22.77 a
Red clover 1 2.67 bl 16.67 b, 2.67 ¢ 45.67 b| 3.44 a 7.23 b 1,00 d 5.22d
1/2 13.00 al 41.00 al 23.33 bj 53.67 b 4.36 a 11.55 b 2.34 od 11.18 ¢
1/3 16.00 a 49.00 a| 35.33 b| 62.67ab| 3.85 a 13.45 b 4.52 be 16.22 b
1/4 13.67 a 41.00 a| 33.33 b{ 58.33ab| 5.15 a 13.9€ b 6.07 ab 19.40 ab
0 15.67 a) 50.33 a| 50.00 a‘ 79.33 a| 4.94 a 25.23 a 8.22 a 22.77 a
Orchard grass 1 5.33 b| 43.67 a| 21.33 J 62.67c| 2.31b 8.82 b 1.29 ¢ 10.98 ¢
1/2 8.67ab 59.00 al 28. OObc‘ 72.33ab 5.63 a 13.22 b 4.33b 19.39 ab
1/3 12.00::1]31 47.33 a| 45.00 a‘ 67.33bc] 4.67 a 12.37 b 5.24 b 15.18 bc
1/4 16.33 a| 53.67 4 37.67ab!l 64.33bc] 4.61 a 13.29 b 5.68 b 19.39 ab
0 15.67 a 50.33 a] 50.00 a| 79.33 3] 4.9 a 25.23 a 8.22 a 22.77 a
Brome grass 1 1.33 ¢ 18.33 b 16.33 d| 47.33 d] 1.00 b 3.37 b 1.00 ¢ 1.62 d
1/2 4.67bc, 41.67ab| 32.00 c| 62.33 c] 2.96 a 5.64 b 1.07 ¢’ 1.72 d
1/3 9.67abl 54.33 a| 44.67abj 72.33ab| 2.89 a 9.90 b 1.12 ¢ 8.41 ¢
1/4 16.33 a| 50.00 a| 39.33bc| 63.33 a 3.88 a 11.52 b 4.58 b 12.62 b

Note: Treatments that have no letters in common are significantly different at 5% level.
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Table 10. Effects of various concentraitons of fresh root aqueous extracts of brome grass
on germination and growth of wheat, barley and corn seeds.

Concentration T .
Crop treated of Germination(%) | Rooting (%) Seedling Root length (mm)
e _}_stock solution _length (mm)
0 70.00 a 74.67 a 23.45 a 42.01 a
1 46.00 b 55.33 b | 5.22 c. 7.67 ¢
Wheat 1/2 55.00 ab 62.67 ab 11.38 b 8.34 c
1/3 56.00 ab 61.33 ab 15.45 b 10.74 ¢
1/4 63.33 a 75.33 a 21.30 a 18.67 b
0 63.00 a 74.67 a 22.63 a 41.07 a
1 1.00 d 5.33 ¢ 0.50 d 2.4 c
Barley 1/2 8.67 d 18.00 ¢ 6.76 c 7.08 ¢
1/3 28.67 ¢ 42,67 b 10.86 ¢ 9.29 ¢
1/4 48.67 b 66.00 a 16.76 b 18.07 b
0 86.67 a 102.0) a 20.21 b 64.25 a
1 55.67 b (333a 9.47 d 14.26 d
Corn 1/2 73.33 ab 93.67 a 13.12 ¢ 23.10 od
1/3 83.33 a 10°.0 a 20.21 b 36.08 be
1/4 80.00 a 93.33 a 26.18 a 49.99 ab
Note: 1. Countings made 3 days after treatment.

2. Treatments that have no letters in common are significantly different at 59% level.

Table 11. Effects of rotting root aqueous extracts of red clover, orchard grass and brome grass
%ilog’:z:nination of seeds and growth of seedlings for red clover, lespedeza and ladino
Source of Germination(%) Seedling length (mm)
Crop treated -
extract 2 days 4 days 2 days 4 days
Red clover 69.67 b 87.67 a 11.66 a 33.43 b
Red clover Orchard grass 83.33 a 92.13 a 12.22 a 37.45 b
Brome grass 77.67 ab 88.00 a 13.81 a 43.93 a
Control 74.67 ab 90.33 a 5.60 b 22.31 ¢
Red clover 20.33 a 52.00 a 6.13 ¢ 29.27 b
Lespedeza Orchard grass 25.67 a 55.67 a 8.14 a 40.94 a
Brome grass 22.33 a 49.33 a 6.38 be 36.72 a
Control 22.67 a 48.33 a 7.42 ab 38.19 a
Red clover 30.67 a 23.33 a 6.22 a 19.29 b
Ladino clover Orchard grass 24.33 a 76.67 a 12.37 a 34.57 a
Brome grass 19.33 a 24.33 a 8.83 a 23.86 b
Control 31.67 a 35.33 a 5.93 a 23.43 b

Note: Treatments that have no letters in common are significantly different at 5% level.



Table 12. Effects of rotting root aqueous extracts of red clover, orchard grass and brome grass on
germination of seeds and growth of seedlings for 3 grasses.

Crop Source of Germination(%) Rooting (%) Shoot length(mm) Root length(mm)

treated extract 3 days 5 days 3 days 5 days 3 days 5 days 3 days 5 days

Red clover 0.67a | 24.33b 6.33b | 45.33b 1.00a 5.10b 0.50b 9.38b
Orchard  |Orchard grass) 1.00a | 38.33ab| 14.33a | 53.33a 2.50a 8.54a 2.55a 15.43a

grass Brome grass 0.67a | 29.67ab| 11.33a | 42.67b 1.00a 8.26a 1.84b | 12.96b
Control 0.83a 44.C0a 16.00a 58.67a 3.50a 8.52a 4.13a 15.85a

Red clover 9.00b | 72.67a | 69.00a | 88.66a 2.41a | 14.72a 3.66¢c | 16.91¢

Brome Orchard grass 12.33a | 68.33a | 65.66a | 81.33b 3.65a | 15.32a 5.56b | 25.73b
grass Brome grass | 15.00a | 55.67b | 48.33b | 58.33¢ 3.29a | 17.83a 7.57a | 30.49a

Control 16.00a | 74.67a | 69.00a | 84.33ab| 2.92a | 15.94a 5.67b | 26.99ab

Red clover 0.67a | 76.67a | 48.00a | 53.67a 1.00a 7.55b 1.22b 9.51b
Ttalian Orchard grassl 0.33a | 70.00a | 40.00a | 48.00a 0.332 9.02a 1.39ab| 11.97ab
ryegrass |Brome grass 0.C0a 68.00a | 40.67a | 46.00a 0.00a 10.33a 1.63a 12.35a
Control 0.00a | 74.33a | 48.67a | 57.00a 0.00a 9.71a 1.40ab| 13.72a

Note: Treatments that have no letters in common are significantly different at 5% level.

Table 13. Effects of rotting root aqueous extracts of red clover, orchard grass and brome grass on
germination of seeds and growth of seedlings for certain crops.

Crop treated Source of extract Germination(%)| Rooting(%) ' Shooémigr)lgth root length(mm)
Red clover 78.66a 80.66a 12.57 b 26.82b.
Sorghum Orchard grass 77.33 a 78.66a 15.97a 33.95a
. Brome grass 70.00a 75.33a 15.24a 35.00 a
Control 72.00a 72.66 a 9.15¢ 27.14b
Red clover 72.67a 73.33a 10.44 b 23.28b
Wheat Orchard grass 70.00a 70.00a 20.47a 46.71 a
Brome grass 67.33a 68.00a 16.91a 41.83a
Control 81.33a 80.66 a 17.381a 39.02a
 Red clover 28.67b 34.67b 20.26a 32.48b
Barley Orchard grass 27.33b 32.33b 22.51a 44.91a
Brome grass 25.67b 29.67b 19.06 a 39.32b
Control 44.33a 50.33a 23.33a 48.66a
Red clover 21.00b 31.33b 11.39ab 21.16a
Hog-mille Orchard grass 22.67b 31.00b 10.40 ab 22.09a
Brome grass 11.33b 25.67b 8.15b 9.55b
Control 51.44a 68.06 a 13.84a 31.88a
Red clover 86.67a 100.00 a 10.73 a 41.00b
C Orchard grass 86.672a 100.00 a 11.53a 80.07a
orn Brome grass 80.00a 86.67 2 16.90a 64.37ab

Control 80.00a 100.00a 13.20a 47.20b
Redhclzver 45.55a ¢ lg. ;g b
Orchard grass 58.8%a .77a
Soybean Brome grass 68.89a _ : 94,582
Control 57.78a i 13.34b

Note: 1. Countings made 3 days after treatment. 2. Treatments that have no letters in common are
significantly different at 5% level.
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Table 14. Effects of rotting root aqueous extracts of red clover, orchard grass and brome grass on
germination and growth of various crops. (Summary)

So f .. . .
ext‘ifci ° Crop treated Germination Rooting Seedling length Root length Shoot length

Red clover (G +
Ladino clover
Red clover Lespedeza —
Soybean
Orchard grass — — —_ -
Italian ryegrass — —
Brome grass (+) —
Barley — — —
Wheat — —_
Sorghum +
Corn
Hog-millet — — S

Red clover +

Ladino clover +
Orchard :

grass

Lespedeza
Soybean +
Orchard grass &)
Italian ryegrass ()
Brome grass )
Barley — —
Wheat
Sorghum -+ +
Corn +
Hog-millet — — )

Red clover +
Ladino clover
Brome Lespedeza
grass Soybean

Orchard grass G — —
Italian ryegrass
Brome grass —_ - +
Barley — — -
‘Wheat
Sorghum + +
Corn ) (+)
Hog-millet — — — —

Note: 1. - : Promotion — ¢ Inhibition ( ) :Tendency. 2. Legums were examined for germination
and seedling length while grasses were examined for germination, rooting, root length and shoot
length.
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Table 15. Effects of root excrements of red clover and orchard grass on germination of seeds and

growth of seedlings for 2 clovers,

Source of Germination (%) Seedling length(mm)
Crop treated excrements i
2 days 4 days 2 days 4 days
Red clover 39,00 81.33 2.59 18.33
Red clover Orchard grass 53.67 82.33 3.64 21.95
Control 44.33 86.33 3.86 17.43
Red clover 2:3.67 30.33 3.73 22.63
Ladino clover Orchard grass 23.00 30.67 4.04 22.50
Control 22.00 29.33 4 68 23.05

Table 16. Effects of root excrements of red clover and orchard grass on germination of seeds and growth

of seedlings for 2 grasses.

Crop treated Source of GermiélationC%) Rooting(%) Shoot length Root length(mm)
excrements 6 days 3 days 6 days (mm) 3days 6 days
Orchard Red clover 24, 33* 5. 67*x 38. 00% 8.29 2.10 13.46
grgcssar Orchard grass 38.00 3.33%¢ 45.00 8.93 5.42 16.43
Control 52.33 14.00 60.33 9.91 3.09 14.87
P Red clover 20.67* 41. 67+ 10.11 8.84x
kye_sg‘ie Orchard grass 50.33 60.33 13.04 17.07
Control 52.00 61.67 14.79 16.48
Note: #* Significant at 5% level, ¢ Significant at 1% level

Table 17.

Effects of root excrements of Italian ryegrass on germination and growth of red clover,

Orchard grass and Italian ryegrass seeds,

Germination Rooting Shoot length Seedling Root length

Crop treated Treatment (%) %) (mm) length(mm) (mm)

Red cover Treated 87.00 19.01%
Control 87.33 . 11.39

Orchard grass Treated 36.67x 54.33 11.91 17.48

Control 44.33 64.67 10.92 17.02

Ttalian ryegrass | Treated 43.67 44.67 26.27 36.15

. Control 36.67 38.67 23.97 31.67

Note : 1. Countings made 3 days after treatment for red clover and 6 days after treatment for the others.

2. * Significant at 5% level.
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Fig. 9. Two dimensional paper chromatograms of organic acid in roots of red clover, orchard grass and

brome grass
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Fig. 10. Gas chromatograms of volatile organic acid
in roots of red clover, orchard grass and
brome grass.
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