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Effects of Bacillus spp. on Growth of Alfalfa
(Medicago sativa L.)

Ki-Chun Choi, Chang Youn* and Woo-Bock Chun

Summary

This study was conducted to investigate the effects of antagonistic microorganisms, Bacillus spp., on growth
of alfalfa(Medicago sativa L.) in repeated cultivation soil(RCS) and unrepeated cultivation soil(URCS). Alfalfa
was established by seeding into pots 12 c¢m in diameter and 9 c¢m in depth containing 1 : 1 mixture of soil and
vermiculite with antagonistic bacteria and pathogenic fungi. The growth experiment of alfalfa was conducted in
pots in a vinyl house. The bacteria used in this study were Bacillus subtilis and fusants. B. subtilis was
isolated and identified from forage rhizosphere soil and fusants isolated through cell fusion from B. subtilis 101
and B. thuringiensis. B. subtilis was named B. subtilis 101 and fusants named F — 3 and F — 8. From dark
culture experiment, alfalfa was longer lived in treated soil with antagonistic bacteria than that in non-treated soil,
and longer lived in URCS than that in RCS. However, alfalfa was shorter lived in RCS and URCS than that in
autoclaved RCS. The number of leaves of alfalfa were positively affected by the inoculation of the antagonistic
bacteria in both RCS and URCS. Dry weight of shoot and root was increased by the inoculation of the antagon-
istic bacteria(P < 0.05). However, the growth of alfalfa was decreased by the inoculation of the pathogenic fungi
both RCS and URCS.

(Key words: Bacillus subtilis, growth, alfalfa, repeated cultivation soil)
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Table 1. Inoculation effects of antagonistic microorganisms on autolysis of alfalfa in the dark

culture.

Soil Bacteria Percentage of autolyzed alfalfa on days after sowing

treatment inoculated 4 ¢ g 10 12 14 16 18 - 28 30 32 34 36 38

Repeated Control 50 83 100

cultivation B. subtilis 68 78 98 100

soil(RCS) F-3 53 74 95 100
F-8 64 83 96 100

Unrepeated Control 38 63 84 95 100

cultivation B. subtilis 12 32 62 85 90 100

soil(URCS) F-3 20 34 78 85 96 100
F-8 21 31 42 84 95 100

Autoclaved Control 28 42 69 76 88 100

RCS B. subtilis 18 24 45 63 83 100
F-3 11 28 57 66 83 100
F-8 10 28 36 59 77 100
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Table 2. Effects of antagonistic microorganisms and pathogenic fungi on growth of alfalfa at 36
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Dry weight(g/5 plants)

Treatment Plan(t hc)eight No.5 of1 leta\)/es
em (5 plants Shoot Root
......................................... Repeated cultivation soil c-eevercrerereririiiiiiiiiiiiiiiiiieens
Control? 4.99 = 0.17b 341 £0.10c 0.0436 £ 0.004b 0.0341 + 0.001b
B. subtilis 5.85 £ 0.16a 448 £ 0.13a 0.0654 + 0.002a 0.0425 = 0.002a
F -3 5.70 £ 0.13a 403+ 0.13b 0.0640 £ 0.003a 0.0425 = 0.002a
F -8 568 = 0.11a 4.11 £ 0.17ab 0.0651 + 0.004a 0.0447 + 0.004a
None? 584 +0.12a 429 = 0.13a 0.0679 - 0.003a 0.0466 + 0.002a
R. solani 530x0.11b 384 +£0.11b 0.0528 *+ 0.003b 0.0366 = 0.002b
F oxysporum 547 £0.12b 3.74 = 0.0% 0.0548 + 0.003b 0.0378 + 0.001b
...................................... Unrepeated cultivation SOIl sceeverccvcriorecciioriecanannrrecianae
Control? 7.81 £0.17b 5.30 £ 0.23b 0.0773 £ 0.009b 0.0284 + 0.002b
B. subtilis 9.62 £ 0.17a 8.19% 0.23a 0.1722 + 0.013a 0.0464 + 0.002a
F -3 928+ 0.21a 7.89 £ 0.19a 0.1519 + 0.010a 0.0424 + 0.002a
F -8 9.42 + 0.24a 8.00 = 0.26a 0.1676 = 0.013a 0.0446 £ 0.002a
None? 9.48 + 0.20a 7.87 = 0.22a 0.1839 + 0.011a 0.0469 + 0.002a
R. solani 8.89 £ 0.18b 6.98 + 0.24b 0.1273 + 0.009b 0.0380 + 0.002b
F. oxysporum 8.74 £ 0.16b 7.11+023b 0.1150 = 0.00% 0.0366 1 0.002b

" Inoculated with pathogenic fungi(R. solani and F. oxysporum).
2 inoculated with antagonistic bacteria(B. subtilis, F — 3 and F — 8)

a,b and ¢: Values with different letters in the same column are significantly different(p < 0.05).
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Table 3. Effects of antagonistic microorganisms and pathogenic fungi on growth of alfalfa at 46
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Dry weight(g/5 plants)

Treatment Plan(tcnlslght N(()é Ofial:tas \)/es
P Shoot Root
......................................... Repeated cultivation SOIl cesseerccncarrsreiitiictiiiieniieniiiens
Control” 6.27 + 0.16¢ 5.26 + 0.17b 0.1024 + 0.007b 0.0517 + 0.003b
B. subtilis 833+ 023a 7.33 £0.29a 0.1519 + 0.010a 0.0798 + 0.005a
F -3 7.86 + 0.26ab 6.85 +0.22a 0.1320 + 0.012a 0.0732 + 0.004a
F~8 7.74 £ 0.22b 6.93 = 0.24a 0.1397 £ 0.011a 0.0748 + 0.004a
None? 7.98 + 0.22a 6.93 +0.24a 0.1669 + 0.006a 0.0804 + 0.004a
R. solani 7.26 + 0.19b 622 £0.21b 0.1128 = 0.005b 0.0635 % 0.003b
F. oxysporum 7.28 + 0.14b 6.36 = 0.18ab 0.1127 + 0.006b 0.0653 + 0.002b
...................................... Un_repeated culﬁvaﬁon 5011 e essesesernrrasssasteessatubbitnadanits
ControlV 963 + 0.25b 9.44 + 0.36b 0.2032 + 0.015b 0.0731 + 0.006b
B. subtilis 12.95 + 0.27a 12.56 * 0.36a 0.3320 = 0.014a 0.1187 + 0.007a
F -3 12.46 + 0.23a 11.74 £ 0.34a 0.3269 + 0.009a 0.1201 + 0.006a
F-38 12.28 + 0.36a 11.89 + 0.36a 0.3092 + 0.016a 0.1096 + 0.009a
None? 12.50 + 0.27a 11.93 = 0.24a 03357 = 0.012a 0.1283 + 0.005a
R. solani 11.61 = 0.25b 10.71 = 0.37b 02789 + 0.015b 0.0991 + 0.005b
1137 £9.28b 11.02 + 0.31b 02641 = 0.135b 0.0897 + 0.005b

F. oxysporum

Y inoculated with pathogenic fungi(P. solani and F. oxysporum).
3 jnoculated with antagonistic bacteria(B. subtilis, ¥ — 3 and F — 8).

ab and ¢ Values with different letters in the same column are significantly different(p<0.05).
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Table 4. Effects of antagonistic microorganisms and pathogenic fungi on growth of alfalfa at 56

days after sowing.

Dry weight(g/5 plants)

Shoot

Root

Plant height No. of leaves
Treatment (cm) (5 plants)
Control? 772 £027b 6.56 + 0.26b
B. subtilis 9.65 +£ 0.34a 8.48 = 0.34a
F -3 8.94 £ 0.28a 8.11 £0.34a
F -8 9.00 + 0.27a 7.89 = 0.36a
None? 9.55 + 0.23a 8.29 +0.29a
R. solani 8.30 £ 0.24b 7.33 £0.24b
F. oxysporum 8.46 = 0.18b 7.60 + 0.24ab
Control” 11.57 = 0.29b 11.67 + 0.40b
B. subtilis 14.72 £ 0.39a 15.56 = 0.36a
F -3 14.32 = 0.21a 14.59 + 0.44a
F -8 14.50 + 0.36a 14.70 + 0.45a
None? 14.36 = 0.28a 15.11 £ 0.33a
R. solani 13.60 = 0.31ab 13.36 £ 0.39b
13.43 = 0.2% 13.82 = 0.36b

F. oxysporum

0.1557 + 0.012b
0.2186 = 0.010a
0.2068 + 0.009a
0.2112 £ 0.010a

0.2198 + 0.008a
0.1726 + 0.010b
0.1817 + 0.008b

0.2676 + 0.011b
0.5215 £ 0.021a
0.5080 + 0.014a
0.5300 + 0.018a

0.5167 + 0.029a
0.4584 + 0.029ab
0.4216 = 0.024b

0.0893 = 0.009b
0.1347 £ 0.010a
0.1255 £ 0.006a
0.1294 + 0.007a

0.1397 = 0.005a
0.1013 £ 0.007b
0.1048 =+ 0.006b

0.1498 = 0.011¢c
0.2284 £ 0.007a
0.1995 = 0.007b
0.2195 + 0.011ab

0.2274 £ 0.007a
0.1902 £ 0.011b
0.1794 £ 0.006b

U inoculated with pathogenic fungi(R. solani and F. oxysporum).

2 inoculated with antagonistic bacteria(B. subtilis, ¥ — 3 and F — 8).

ab, and c; Values with different letters in the same column are significantly different(p <0.05).
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Table 5. Effects of antagonistic microorganisms and pathogenic fungi on growth of alfalfa at 66

days after sowing.

Dry weight(g/5 plants)

T Plant height No. of leaves
reatment (cm) (5 plants)
P Shoot Root

......................................... Repeated cultivation SOfl eeeeesreresirireriiiiinicencennanicaans
Control” 824 + 0.27b 7.52 +0.34b 0.2225 + 0.015b 0.1301 + 0.008b
B. subiilis 10.03 £ 0.29a 948 + 0.38a 0.2820 = 0.012a 0.1589 £ 0.009a
F-3 9.64 +0.21a 9.04 +0.24a 0.2605 * 0.016ab 0.1487 + 0.009ab
F -8 9.74 + 0.21a 8.70 £ 0.28a 0.2680 + 0.016a 0.1511 + 0.009ab
None? 9.99 + 0.20a 938 +0.27a 0.3069 * 0.007a 0.1725 £ 0.005a
R. solani 8.87 £ 0.21b 8.24 £0.23b 0.2286 + 0.007b 0.1349 * 0.005b
F. oxysporum 9.09 + 0.16b 8.44 +0.23b 0.2377 £ 0.008b 0.1297 + 0.003b

...................................... Unrepeated cultivatjon soi] seeesaenseeesssrsnusttttarnatntatetraad
Control 1243 = 0.37b 13.18 £ 0.41¢c 0.5391 = 0.029b 0.1777 = 0.021b
B. subtilis 15.06 £ 0.51a 16.67 £ 0.31a 0.8289 + 0.014a 0.3332 £ 0.008a
F -3 14.63 = 0.39a 15.63 +0.38b 0.7750 + 0.020a 0.3010 £ 0.016a
F -8 14.71 = 0.34a 16.00 + 0.33ab 0.7629 + 0.025a 0.2919 + 0.015a
None 14.92 + 0.33a 16.20 + 0.33a 0.8041 + 0.023a 0.3239 £ 0.011a
R. solani 13.98 £+ 0.34b 14.71 £ 0.30b 0.7005 + 0.034b 0.2527 £ 0.018b
F. oxysporum 13.78 £ 0.33b 14.89 £ 0.31b 0.6858 + 0.029b 0.2461 £ 0.016b

1 inoculated with pathogenic fungi(R. solani and F. oxysporum).

2

) inoculated with antagonistic bacteria(B. subtilis, F — 3 and F — 8).

a,b, and ¢; Values with different letters in the same column are significantly different(p <0.05).
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