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Effects of Herbicides on the Growth, Nodulation and
VA Mycorrhizal Infection in Soybean (Glycine max) .
Yoon. C. S, S. M, Huh and B, K. Shon*

ABSTRACT

A field experiment was done to evaluate the growth response, rhizobia nodulation and vesicular-arbuscular
mycorrhizal fungi (VAMF) infection of soybean treated with the different concentration of three-herbicides,
alachlor, simazine, linuron, The results obtained were summarized as follows ; Emergence rate of soybean
was non-significantly decreased by increasing the herbicide concentration. In simazine treatment, low
emergence rate showed even in recommended concentration, especially the lowest emergence rate in treble
concentration of recommended dose was about 50%. The plant length of soybean lowered by increasing the
herbicide concentration, but there were almost no differences in recommended dose. Particularly that in a
high concentration of herbicides at three weeks after treatment (WAT) was decreased remarkably. In the
plant diameter of soybean shoot, no differences in the recommended concentration of alachlor and linuron at
2 WAT, but those of recommended dose was decreased with the lapse of time, and the lowest treatment was
simazine-treated plot. Leaf area and fresh weight of soybean tended to decrease over the control even in
recommended concentration and it was decreased with the increment of the herbicide dose. Yield component,
fresh weight of rhizobia nodule and chlorophyll content of soybean leaves were reduced with the increment of
herbicide dose, espicially remarkable tendency was revealed in simazine-treated plot, Seasonal infection rate
of VAM showed a slight decrease by increasing of herbicide dose, and the lowest infection was simazine
treatment . Significant correlation was realized among the reduction of rhizobia nodulation, VAM coloniza-
tion and the agronomic characters of soybean and it was considered that the reduction of rhizobia nodulation
and VAM colonization by misapplication of the herbicides might be a causal factor for decrease in soybean
yield.
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Table 1. Herbicides
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Table 2. Herbicides treatment

Tret. Herbicide Application concentration*
No. common name rate ai/ha water/ha C, C, Cs
1 Control(W + C; - - - - -
Handweed(H - W) - - - - -
2 Alachlor 200m! 100/ 200/ 400! 600/
3 Simazine 200g 1201 200g 400g 600g
4 Linuron 150g 150/ 150g 300g 450g

X : Plots were treated with recommended concentration of herbicide (c,), double(c,), treble(cs), and without

herbicide as a control, handweed plot.

ml, glycerine 63 ml, acid fuchine 0.1 g)& %

i dry ovenol] 90CE 10~60% Sob @iz
% BB TN RBRPEHES RENL,
Read %9 Hvol whe} 30U #Hitel Biksm
TE HlEste] ohge RE HEIAS.

VARIRE Rips=

VAmIRES] Bkl ¥o) GAW o
AED 200 DK

R I ER

1. 8| £RFHE
1) i3z

Alachlor, simazine =23 linuron HH &
zkZb fEREhSRIREE, 2i%IMEE, 3fFmEE )
o] 1B 2 kol EEFES HErd BHM, &
HIRER HBAEL AEY £RE 29 oM X2
<= ufe}

HIRE-S REE M et 2R FEEld
ool MEE7H WMol o=t B, 7 EE
wE|e] MEER AL alachlor 73
TEREEIME, 215 3fEMEA 100, 99.8, 93.
4, 81.8%EA 3fEimMEINAM EFATE B FI
o1} DuncanifsE #H 2EMEANE HEol
1A=z ¢sgkon linuron F¥H|= 100, 99.8,
98.5, 91.7 ¥ 81.0%3. alachlor## o} vl
HBES ¥t Simazined A%+ HFHEHE
M| A 90.19%3E alachlor B2 2{% i & o
WEE vlkslgn FEie] A FUL
o 24EIMEE, TIMEE 71.0%, 49.0% % HEEFE
o] I3 EHFAA. & KHEERE B %99
KE S A RS el oo simazine BH
T ¥E FH Kkl HEsle Rk MY
o] olz o] AN #W|EY AL WEHRE

LSD
_ . 1%5%
aa a a
100F == 2 ab
abc U] ——1-—1
— ab abc
% 90 ) [ ]
Y [ d cd
£ 80f —
o0
3
g c
S0 T
o
U
5
2 601
50 d
40_ 6 - —]
(/D Cl Cz CB Co C] Cz C3 CO Cl C2 C’S

Fig. 1. Percent emergence of soybean treated with
different concentration of the three herbi-
cides.

Z) : Values within a row followed by the same letter
are not significantly different at 1% level by
Duncan’s multiple range test.

C, : Control

C, : Recommended concentration of the herbicide

C,  Double concentration of the herbicide

C, : Treble concentration of the herbicide
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Table 3. Seasonal changes in plant height (cm) of soybean treated with different concentration of the three

herbicides.
Herbicide Webis - Concentraion
Co C Cz C3
Alachor 2 16.28» 16.0° 14.900¢ 13.4¢
3 22.5% 21.8% 20.4¢ 18.6¢
4 40.9° 40,28 36.6° 32,3
5 74.1° 72.3% 71.3° 66.7<¢
Mean 38.4 37.1m 34.2** 30.9**
Simazine 2 16.2¢ 15.5% 14.1¢ 13.5¢
3 22.5° 20.4% 18.9¢ 16.8
4 40.9° 37.5° 31.5¢ 22.9¢
5 74.22 70.1° 62.4° 56.9¢
Mean 38.4 35.9** 31.7** 27.5%*
Linuron 2 16.2° 16.2%° 15.5%¢ 14.4¢
3 22.5° 22,380 20.4¢ 19.0
4 40.9¢° 40,38 35.2¢ 31.7¢
5 74.1° 72.1%® 69.1¢ 64.8°
Mean 38.4 37.7m 35.0** 32.5**
ANOVA LSD
F.Value 1% 5%
Herbicides(A) 29.29**v 0.05 0.01
Concentration (B) 103.89** 1.05 0.79
Weeks(C) 5481.61** 1.12 0.92
AXB 5.31** 1.12 0.92
AXC 4,68%* 2.10 1.59
BxC 10.72** 2.10 1.59
AXBXC 1.33" 2.42 1.83

X : Plots were treated with recommended concentration of herbicide(c,), double(c,), treble{c;), and without

herbicide as a control plot(c,) .

Z) : Values within a row followed by the same letter are not significantly different at 19 level by Duncan’s

multiple range test.

Y) *, * % . Significant at 0.05 and 0.01, respectively.
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Table 4. Seasonal changes plant shoot diameter (mm) of soybean treated with different concentration of the

three herbicides.

Herbicide Weeks Concentration®
Co C; C2 Ca
Alachlor 2 2.532% 2.50%° 2.07¢ 1.91¢
3 3.25° 3.20%° 2.80° 2.16¢
4 4.89* 4.49° 3.93 3.79¢
5 7.510 7.62% 7.33 6.41¢
Mean 4.55 4.50% 4.03* 3.57%
Simazine 2 2,532 2.43%° 2.17¢ 1.98¢¢
3 3.25* 2.91% 2.55¢ 1.79¢
4 4.89* 3.45° 3.11¢ 2.42¢
5 7.512 7.03% 6.68° 6.06°
Mean 4.55 3.93* 3.63* 3.06°*
Linuron 2 2.53° 2.50 2.30¢ 2.06¢
3 3.25¢2 3.08" 2.7 2.13¢
4 4.89° 4.21° 3.80° 3.62¢¢
5 7.51®° 7.20° 7.17%¢ 6.37¢
Mean 4.55 4.25" 4.00* 3.55%*
ANOVA LSD
F.value 1% 5%
Herbicide (A) 26.26**V 0.05 0.01
Concentration (B) 124.98** 0.14 0.11
Weeks(C) 2393.20** 0.16 0.12
AXB 3.54** 0.28 0.21
AXC 6.75%* 0.28 0.21
BxC 6.72** 0.33 0.25
AXBXC 1.Q7" 0.40 0.30

X ! Plots were treated with recommended concentration of herbicide (c,), double(c,), treble(c,), and without

herbicide as a control plot (c,) .

Z) : Values within a row followed by the same letter are not significantly different at 1% level by Duncan’s

multiple range test.

Y) *, % * © Signifficant at 0.05 and 0.0, respectively.

3led alachlor %5 B3 simazine, linuron
Wl M= FHEEMERENMNET SEe FEME
FEE k. ¥53l simazine ol M= FAIENR
MEAN A EEFEE HEA 1,216 cm®o} 3]
o] 872.2 cm*E 9 30%Y WAE g 28
SLORES Bmdess RE WEllM sl
2 ®Astadoh =3 R REERBES
29 simazine, linuron #¥E|= o&KS HES
=, alachlor ¥+ {FMHBZIA i J &
BHEER WEde E BEY RS HEYD
ot $EPE #Hal® o alachlor®. o} simazine
¥} linuronoll 4 #I#i £ Fo| HESS ERMKO)
A& se Ao AztE
5 MiL¥B - HTEP HARE
BB wE M LI MTE EMEC v

2= BHRv &k oA Fol RE ERAA |
Eol HEMS Yo b ERBENA = EEE
& 54.9 goll v 3 alachlor, simazine, linuron
o ERERMENA 22t 50.0, 41.4, 38.9
go 2 AR%ol BESAUS. 2 T &
BEA UM BERIE 4.24 g3 H#sd
alachlor %] 4.17 g, linuron W#H 4.04 go &

HEMel ESA ¥Rk, simazine FEHi
2.95 go. 2 {HABRRENAT BEY FEKol
BES U

6) Wi

I mlxv e F TolMd Fo] FEi,
B, 100-ES #AXxdlded 2 #FRe 92
3 2o,



Table 5. Seasonal changes in leaf area (cm?®) of soybean treated with different concentration of the three

herbicides.
Herbicide Weeks Concentration®
Co [N [ Cs
Alachlor 2 56.7 54.8 39.3 26.6
3 155.5 145.8 121.6 96.6
4 568.3 571.7 473.6 381.4
5 4083.9 3947 .4 381.4 2379.1
Mean 1216.1 1179.9ne 981.9** 720.9°*
Simazine 2 56.8 53.2 32.9 15.2
3 155.5 91.3 42.8 28.3
4 568.3 394.3 183.6 130.7
5 4083.9 2949.9 1626.0 1334.9
Mean 1216.1 872.2** 471.3** 377.3°**
Linuron 2 56.8 54.2 38.9 26.8
3 155.5 142.5 119.4 91.4
4 568.3 465.4 409.3 262.3
5 4083.9 3705.6 2235.8 1964.8
Mean 1216.1 1091.9** 950.9** 586.3**
ANOVA LSD
F.value 1% 5%
Herbicide (A) 113.87** 52.9 40.08
Concentration (B) 25.57** 61.17 46.27
Weeks(C) 761.93** 61.17 46.27
AXB 177.80** 105.96  80.17
AXC 64.13** 105.96  80.17
BxC 185.89** 122.34  92.57
AXBXC 10.68** 149.92 113.37

X ! Plots were treated with recommended concentration of the herbicide(c,), double(c,), treble(cs), and

without herbicide as a control plots{c,) .

Y) %, * * : Significant at 0.05 and 0.01, respectively.
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Table 6. Seasonal changes in fresh weight(g) of soybean treated with different concentration of the three

herbicides.
Concentration*
Herbicide Weeks Top fresh weight Root fresh weight
Co C1 Cz Cs Co (%) C2 Cs
Alachlor 2 2.6 2.5 2.0 1.3 0.48 0.51 0.39 0.26
3 4.7 4.2 3.7 2.9 1.20 1.42 0.69 0.57
4 17.6 18.0 12.4 10.4 2.60 2.32 1.87 1.41
5 184.9 175.4 142.7 85.5 12.66 12.43 10.80 8.75
Mean 54.9 50.0* 40.2** 25.0** 4.24 4.07 3.44° 2.75**
Simazine 2 2.6 2.3 1.6 1.2 0.48 0.44 0.29 0.21
3 4.7 2.5 1.8 1.4 1.20 1.02 0.40 0.32
4 17.6 12.4 6.3 5.8 2.60 1.58 0.72 0.50
5 194.9 148 .4 86.5 29.0 12.66 8.76 8.23 4.57
Mean 54.9 41.4** 24 .0** 9.3** 4.24 2.95** 2.41** 1.49**
Linuron 2 2.6 2.5 1.8 1.7 0.48 0.47 0.38 0.26
3 4.7 3.9 3.3 2.5 1.20 1.04 0.78 0.51
4 17.6 16.6 12.5 6.9 2.60 2.45 1.83 1.16
5 194.9 132.5 127.1 65.2 12.66 12.18 11.38 9.70
Mean 54.9 38.9** 36.2** 19.2** 4.24 4.04" 3.60m 2.91*
Total mean 54.9 43.4 33.5 17.9 4.24 3.72 3.15 2.91
ANOVA LS LSD
F.value 1% 5% F.value 1% 5%
Herbicide (A) 53.67**V 2.55 1.93 4.77** 0.88 0.67
Concentration (B) 388.80** 2.95 2.23 8.63"* 1.02 0.77
Weeks (C) 6227.32** 2.95 2.23 254.90** 1.02 0.77
AXB 11.45** 5.11 3.86 0.6 1.76 1.33
AxC 36.60** 5.11 3.86 2.73** 1.76 1.33
BxC 297.63** 5.90 4.46 3.90** 2.03 1.54
AXBXC 9.59** 10.22 7.70 1.88* 3.52 2.66

X . Plots were treated with recommended concentration of the herbicide(c,), double(c,), treble(c,), and

without herbicide as a control plot(c,) .

Y) *, % % . Signifficant at 0.05 and 0.01, respectively.

Table 7. Yield of soybean treated with different concentration of the three herbicides.

H X
Herbicide Control (W/C) H/W - Concentration -
1 3
Alachlor P 23 30 61.5° 58,200 45.3 39.5°
s 49.5¢ 116.4° 1148 94.5¢ 75.6¢
HW 2140 2548 24 5 23, 4w 20,4
Simazine P 23.3¢ 61.5° 53.4° 2.2 35,24
s 49.5¢ 116.4* 9520 69.7¢ 56.8°
HW 21 .4° 25 .4 22,430 20.5° 18.8°
Linuron P 23.3¢° 61.5% 61.1%° 50.6° 43.9°
S 49.5¢ 116, 4% 116.6° 99.8° 79.1¢
HW 21.4° 25,40 25.5¢ 23,40 20.5

X ! Plot were treated with recommended concentration of the herbicide(c,), double(c,).

without herbicide as a control (H/C), handweed (H/W).
Z) : Values within a row followed by the same letter are not significantly different at 1% level by Duncan’s
P: No. of pods. S No. of seeds. HW [ weight of 100-seed.

multiple range test.

_23_.

treble(c,), and



Table 8. VA mycorrhizal colonization(%) in soybean root treated with different concentration of the three

herbicide.
Herbicide Weeks Concentration®
Co [ [ Cs
Alachlor 2 28.9 24.4 17.6 14.4
3 48.9 50.0 46.7 36.7
4 82.2 94.4 84.4 78.9
Mean 53.3 56.3" 49.6™ 43.3**
Simazine 2 28.9 30.0 13.3 8.9
3 48.9 44 .4 43.3 38.9
4 82.2 53.3 46.7 40.0
Mean 53.3 42.6%* 34.4** 29.2**
Linuron 2 28.9 22.2 20.0 33.3
3 48.9 46.7 34.4 41.1
4 82.2 91.1 68.9 44 .4
Mean 53.3 53.3 41.1** 39.6**
Total mean 53.3 50.7 41.7 37.4
ANOVA LSD
F.value 1% 5%
Herbicide(A) 38.69**V 2.14 2.85
Concentration (B) 54.90** 2.48 2.29
Weeks(C) 759.20** 2.48 2.29
AXB 4.83** 4.29 5.70
AXC 30.42** 4.29 5.70
BxC 8.00** 4.95 6.59
AXBXC 9.62** 8.58 11.41

X : Plot were treated with recommended concentration of the herbicide(c,), double{c,), treble(c;), and

without herbicide as a control plot (c,) .

Y) %, % % : Significant at 0.05 and 0.01, respectively.
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Fig. 2. Fresh weight of nodule per plant in soybean treated with different concentration of the three
herbicide. Alachlor, Simazine and Linuron in field.
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Fig. 3. Photographs of VA mycorrhizal infection features in the cleared roots of soybean
A-C. Vesicles(V), hypha(H) and arbuscules(A) in the root cortex of soybean. D. Soil born vesicle
(aux1hary cell) on the root surface of soybean. E. Network of ecternal hyphae(eh) on the root

surface of soybean. F. External hyphae(Eh),

VA mycorrhizal soybean root.
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Table 9. Correlation coefficients among agronomic characters of the soybean treated with herbicides.

12)

11)

10)

7)

2)

1)

Emergence rate
Plant height

0.997*
0.986*
0.983*
0.979*
0.986*

0.994**
0.995**
0.989*
0.994**
0.936™
0.988*
0.998**
0.998**
0.978*
0.984*

Shoot diameter

0.997**
0.999**
0.999**
0.948
0.979*

0.990**
0.991**

Leaf area per plant

0.995**
0.997**
0.965*

0.992**
0.996**
0.996**
0.993**
0.988*

Root fresh wt.per plant
Top Fresh wt.per plant

Chlorophyll

0.999**
0.951*

0.950*
0.981*
0.991**
0.992**
0.993**
0.976*

0.904"¢
0.975*

(.968*
0.951*
0.946"
0.976*
0.969*

0.975*
0.986*
0.986*
0.995**
0.969*

No. of pods per plant

0.996**
0.994**
0.977*

0.999**

0.991**
0.993**
0.959*
0.969*

No.of seeds per plant

0.999**
0.979*
0.993**

100 seed weight per plant

0.978*
0.991**

0.992**
0.974*

Nodule freah wt. per plant

0.972*

VA mycorrhizal colonization

P P T e i i e

1
2
3
4
5

6

7
8

9

12

* and * * indicate the significant differences among treatment at the 5% and 1% level, respectivety.
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