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EFFECT OF PREHARVEST FUNGICIDAL APPLICATION
ON SOYBEAN SEED QUALITY
UNDER HUMID TROPICAL CONDITIONS

V. ARULNANDHY
Regional Agrlcultural Research Centre, Maha lluppallama

ABSTRACT

Five soybean (Glycine max (L.) Merr.) cultivars were sprayed
with fungicides benomyl (Methyl 1—(butyl carbamoyl—2 benzi-
medazol carbamate), captan (N/(Trichloromethyl) thio J—4—cyclo-
hexane 1, 2 dicarboximide), and a mixture of both at biweekly
intervals from midflowering till maturity while the unsprayed
plants served as control. Preharvest foliar application of fungicides
significantly reduced field weathering of seeds, indicated: by higher
level of germination than unsprayed, in the cultivar F 73—14 which
is highl susceptible to field weathering. The fungicidal application
also increased the emergence rate, seedling length, and seedling dry
weight significantly in this cultivar as well as in the others. Benomyl
or captan spray significantly reduced the rate of deterioration of
stored seeds and hence extended the half-life period of sceds stored
under ambient humid tropical conditions by up to 60 days.
The interaction of cultivar and fungicide in relation to seed
quality was significant at the 5%, level.

INTRODUCTION

Production of high quality soybean (Glycine max (L.) Merr.) seed and
maintenance of viability and vigour of seed under storage in the humid
tropics would be difficult. Seed-borne micro-organisms perhaps, are one of
the major causes for poor quality seed in soybeans (Sinclair, 1982).

The studies of Ellis et al. (1976) and Paschal and Ellis (1978) implicated
fungal pathogens in seed deterioration before harvest. Thé association of
fungal species with soybean seeds has been reported from various parts of
the world (Singh et al., 1973; Chamberlain and Gray, 1974; Mengistu and
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Sinclair; #979; Franco Neto-and-Henning; 1980; Aruinandhy, 1983), including
Sri Lanka (Premala Jeyanandarajah 1983) The results of Ndimande et al.
(1981) indicated that seed-borne fungi p]ay an important role before harvest
and minor role after harvest.

Ellis et al. (1976) demonstrated that foliar application of fungicides on
soybean plants significantly reduced internally seed-borne fungi at maturity.
Foliar application of fungicides was reported to have shown improvement
on the germination of seed at harvest (Ellis ef al., 1976; Ndimande et al.,
1981).

The objective of this study was to determine the effect of preharvest
foliar application of fungicides on soybean seed deterioration at two stages,
prior to harvest and during storage, under humid tropical conditions
prevailing in Sri Lanka. The conclusion derived from this preliminary study
would perhaps, direct towards the improvement of seed quality in soybeans
in the humid tropics.

MATERIALS AND METHODS

Five soybean cultivars were sprayed with fungicides benomyl (Methyl
1 —(butyl carbamoyl)— 2 benzimedazol carbamate), captan (N/(Trichloro-
methyl thio] —4—cyclohexane 1, 2 dicarboximide), and a mixture of both
at 1 :40 while the unsprayed plants served as control. The experiment was
a factorial arranged in a randomized complete block design with 4
replications (Table 1).

According to the design of the experiment, the field plots were Jaid on
24 April 1984 at the Agricultural Reseaich Station in Maha llluppallama.
Benomy! (Benlate 50% WP), captan (Captan 80% WP), and the mixture of
both were sprayed at the prescribed rates to the corresponding plots at two
week intervals from midflowering (development stage R2; Fehr et al., 1971)
‘upto harvest maturity (devclopment stage R8). A total of 4 sprays were
given. -

Each plot consisted of 4 rows, each S m long and spaced 40 cm apart
with a plant density of 20 plants per metre. Seeds were harvested from the
centre 2 rows at maturity (development stage RS8), dried well, and
preserved under cold storage at 10°C and 459, relative humidity till :he
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initiation of the storage experiment on.26 September.1984, . All- -80~sampiés
were placed in paper bags and stored under ambient condition, characterized
by typically mean maximum temperature of 32.6°C, mean minimum tempe-
rature of 23.5°C and mean relative humidity of 73 .29%, for a period of 9
months. Germination tests were performed initially and at 3 month
intervals.

Twenty-five seeds from each sample were drawn at random and planted
in moist sterilized sand contained in plastic boxes for germination, under
illumination for 8 hours a day using flourescent lamps of 750—1000 lux and
at a constant temperature of 30°C £ 1°C (approximate optimum for soybean
germination; Delouche, 1952). Another 25 seeds of each sample were
planted in the field with conditions favourable for germination; however, the
soil temperature was variable for different germination tests (Table 2).
Emerged seedlings were counted on 5 and 8 days after planting. Seedlings
were careful uprooted after 8 days of planting and classified in accordance
with the criteria of the Association of Official Seed Analysts (1970). The
seedling length and dry weight were determined, using S seedlings taken at
random from each experimental unit. Seedling length was measured from
the point of attachment of the cotyledons to the root tip. The same
seedlings were used to determine the dry weight gravimetrically after drying
at 60°C for 48 hours in an oven.

Germination percentage was used as a measure of seed viability.
Reported germination values included only normal seedlings. Germination
percentages were transformed to arcsine degree scale for the purpose of
statistical analysis. The seedling length and dry weight were the measure-
ments assigned to seed vigour, in addition to emergence rate which was
computed as

number of seedlings number of seedlings —|
1 | emerged after 5 days emcrged after 8 days '
, + . 8
of planting 5 of planting

This is the modification of the method suggested by Maguire (1962). The
data obtained on viability and vigour were subjected to the standard
analysis of variance. Means were compared using Least Significant
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Difference (Snedecor and Cochran, 1967). The storage half-life period was
determined from the linear regression equations computed from the germi-
nation values during storage.

RESULTS AND DISCUSSION

Five soybean cultivars were sprayed with two fungicides to determine
their effectiveness on the quality of seed at harvest and during storage.
The results of this study indicated a considerable variation in seed quality
characteristics (Tables 3—7). Seed lots produced under different treatments
of fungicide X cultivar showed a range of 78.2 to 99.5% for sand germi-
nation and 76.9 to 97.5% for field germination (Tables 3 and 4).  Preharvest
foliar application of benomyl, captan and combination of both significantly
improved subsequent germination in the cultivar F 73—14, but not in the
others (Table 3). Field germination also indicated a higher level of germi-
nation in seeds that were produced, following the application of fungicides
in the same cuitivar but statistically insignificant (Table 4). While
benomyl, captan and combination of both maintained higher germination of
F 73— 14 than untreated, the germination of the other cultivars remained
high with and without the application of fungicides. It is clear that prehar-
vest foliar application of fungicides slowed down the field weathering of
seed in cultivars that are highly susceptible to field weathering under humid
- tropical conditions. Preharvest foliar application of fungicides benomyl,
captan and combination of both significantly increased the emergence rate
in cultivar F 73— 14 (Table 5), seedling length in cultivar PM 78 —13, and
seedling dry weight in cultivars F 73—14 and Pb—1 (Table 7). The
fungicides helped in reducing field weathering in some cultivars and not in
the others. Thus, it is not surprising that the interaction between fungicide
and cultivar was significant at the 5% level. The fact that foliar application
of fungicides resulted in improved germination in soybean was also reported
by Ellis et al. (1976) and Ndimande et al. (1981).

Preharvest foliar application of fungicides did not prevent subsequent
deterioration of seed under ambient storage but retarded the rate of
deterioration (Tables 3—7). For example, before storage the germination
of promptly harvested Pb—1 was 99.5 and 98.2%, from benomyl treated and
untreated plants, respectively and 85.6 and 4.0% after 6 months of ambient
‘'storage. The difference in viability after 6 months of storage was statisti-
«cally significant (Table 3). Similarly, the germination of captan treated
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plants in the same cultivar was 87.29, which was 83.29, higher than-
untreated after 6 months of storage. Benomyl treated and untreated plants
in another cultivar PM 78—13 showed 72.5 and 28.2% germination,
respectively after 6 months of storage. In contrast, before storage the
germination of promptly harvested F 73—14 was 96.2 and 78.2% from
benomyl treated and untreated plants and the germination dropped to 3.69%,
and zero, respectively after 6 months of storage (Table 3). Considering the
field germination in cultivar PM 78—13, benomyl and captan respectively
showed germination 49.8 and 27.7%, higher than untreated after 6 months
of storage. The differences were found statistically significant (Table 4).
The half-life period of the seeds produced, after preharvest foliar application
of fungicides, was calculated from the data on viability of stored seeds under
ambient conditions (Figure 1). The seeds produced after the foliar appli-
cation of either benomyl or captan had half-life period about 60 days longer
than untreated in the cultivar Pb—1 and 25 days longer in F 73—14.
However, the combination of both benomyl and captan failed to produce a
betier result than either of them applied separately.

Like seed viability, seed vigour expressed in terms of emergence rate,
seedling length and seedling dry weight was relatively higher for the foliar
application of fungicides than unsprayed (Tables 5, 6 and 7). After 6 months
of storage, emergence rate, seedling Jength and seedling dry weight of seeds
from plants sprayed with benomyl or captan were found significantly greater
than untreated in most of the cultivars included in this experiment. It is
evident that preharvest foliar application of appropriate fungicides can
reduce field weathering of seeds and maintain better viability and vigour
during storage as well. Therefore, there is a great possibility of increasing
secd longevity by the application of appropriate fungicides before harvest
but it is cultivar dependent. The data confirm the previous report that
foliar fungicidal sprays before harvest reduces the deterioration of soybean
seed in storage (Ndimende et al., 1981). The preharvest fungicidal appli-
cations perhaps, prevent or reduce the invasion of fungi that could cause
seed deterioration under humid tropical conditions. At earlier instance,
Ellis et al. (1976) reported that seeds of soybean plants sprayed with
fungicides had significantly less seed-borne fungi and higher germination
than seeds from non-sprayed plants. It should be mentioned that in our
investigation, no assessment was made on fungal association with seeds.
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CONCLUSIONS

Apparently the foliar application of appropriate fungicides before
harvest can reduce field weathering of seed and seed deterioration during
storage and as a consequence of which the longevity of soybean seed stored
under humid tiopical conditions can be prolonged. Very likely, the effect
of preharvest fungicidal application on the improvement of seed quality at
harvest and longevity of stored sced is cultivar dependent. Preharvest foliar
application of fungicides may be considered as a measure to produce high
quality seed and reduce deterioration of seed during storage in the humid
tropics; however, cost factor needs to be worked out before the recommen-
dation is made. This management technology is more appropriate to
cultivars producing low quality seeds and seeds of which deteriorate rapidly
in storage under humid tropical conditions.
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Table 1. Cultivars and fungicides included in the experiment.

Cultivar (Factor 1) Fungicide (Factor 2).
1. PM78—13 1. Benomyl (Benlate 50% WP at 60 g/ ha)
2. PM78—25 2. Captun (Captan 80% WP at 1.5 Kg/ha)
3. F1I3—14 3. Benomy! and captan (same rate)
4. Bossier 4. No fungicide (coatrol)
5. Pb—1
Table 2. Mean soil temperatares at a depth of Scm during ficld germination and secdling
emergence' of stored seeds in germination tests.
Stored period Germination test no. Soil temperature (°C)
0 1 310 + 1.1
3 2 304 + 0.6
6 3 310+ 12
9 4 247 + 0.6
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Table 3. Mean germination percentage (P) of preharvest-fungicide treated seeds in sand at
30°C initially and during storage under ambient conditions, Arcsine transformed
values are in column A,

Months in storage

0 3 6 9
Cultivar Fungicide P # P A P A P A
PM78—25  Benomyl 95.1 772 989 84.1 59.1 502 0.0 4.1
Captan 97.1 80.0 953 754 712 575 0.0 4.1
Benomyl + Captan 90.7 72.2 98.9 84.1 399 39.1 0.0 4.1
No fungicide 982 822 960 785 470 433 00 4.1
PM78—13 Benomyl 97.5 81.0 989 84.1 725 584 00 4.1
Captan 947 769 97.5 909 66,6 547 0.0 4.1
Benomyl + Captan 94.1 76.0 964 79.1 40.9 39.8 00 4.1
No fungicide 939 757 989 84.1 28.2 32.1 00 4.1
F73—14 Benomy! 96.2 788 915 730 36 109 00 41
Captan 97.3 810 926 742 00 4.1 00 4.1
Benomyl + Captan 904 719 832 65.8 00 4.1 00 41
No fungicide 782 623 71.7 519 00 4.1 00 4.1
Bossier Benomyl 96.0 785 93.6 754 47.0 433 0.0 4.1
Captan” 947 767 962 777 399 393 0.0 4.1
Benomyl 4- Captan 97.5 81.0 98.9 84.1 369 374 0.0 4.1
No fungicide 95.1 77.2 985 827 272 325 0.0 4.1
Pb—1 Benomyl 99.5 860 995 8.0 856 669 0.0 4.1
Captan 98.2 822 989 84.1 872 690 0.0 4.
Benomyl + Captan 982 822 995 8.0 695 565 0.0 4.1
No fungicide 982 88.2 98.0 81.9 40 115 00 4.1
L.S.D. (P=0.05) for fungicide
within cultivar 4.1 36 36 NS*

* Not significant
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Table 4. Mean germination percentage (P) of preharvest-fungicide treated seeds lnitlhlly and
after storage under ambient conditions in field test. Arcsine transformed values
are given in column A.

Months in storage
0 3 6 9
Cultivar Fungicide P 4 P 4 P A P A
PM78—25  Benomyl 97.0 8.0 861 69.1 412 399 0.0 4.1
Captan 942 761 853 675 375 378 00 4.1
Benomyl + Captan 97.2 80.3 854 676 368 373 0.0 4.1
No fungicide 97.2 80.3 854 67.6 368 373 0.0 4.1
PM78—13  Benomyl 928 744 879 697 736 591 0.0 4.1
Captan 93.8 756 90.7 723 515 438 0.0 4.1
Benomyl+Captan  89.2 70.8 857 67.8 209 272 0.0 4.1
No fungicide 852 674 801 635 238 292 0.0 4.1
F713—14 Benomyl 899 71.5 850 673 192 260 00 4.1
Captan . 887 703 715 617 41 11.8 0.0 4.1
Benomyl + Captan  97.5 810 79.6 63.7 51 131 00 4.1
No fungicide 769 612 815 645 168 146 00 4.1
Bossier Benomy! 93.8 75.6 823 65.2 189 258 00 4.1
Captan 938 756 852 673 389 386 00 4.1
Benomyl + Captan 87.8 69.6 784 62.3 240 294 0.0 4.1
No fungicide 870 688 770 613 284 322 0.0 4.1
Pb—1 Benomyl 964 79.1 924 74.1 55.7 483 00 4.1
Captan 949 769 808 640 460 427 0.0 4.1
Benomyl + Captan 863 68.3 849 64.1 678 554 0.0 4.1
No fungicide 890 700 746 59.7 377 3719 00 4.1
L. S. D. (P=0.05) for fungicide
within cultivar NS* NS¢ 5.7 NS+

* Not significant
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Table 8, - Mean emergence rate- of prebarvest-fungicide treated secds initially and during
storage in sand and fle}d germination tests (day —!).

Sand germination test Fiel.l germination test

. Months in storage " Months In storage
Cultivar . Fungicide 0 3 6 9 0 3 6 9
PM 78 --25 Benomyl 366 400 232 00 398 355 116 0.0
Captan 373 363 217 00 3.83 3.60 1.07 0.0
Benomyl 4 Captan 331 375 1.74 0.0 383 3.73 120 0.0
No fungicide 3.68 365 1.24 00 399 3.15 0.65 00
PM 78 —13 Benomyl 3.86 4.00 2.68 0.0 394 3.55 226 0.0
Captan 376 3.90 198 00 372 323 203 0.0
Benomyl 4 Captan 3.60 3.70 0.87 0.0 3.67 3.35 0.84 0.0
No fungicide 3.70 400 148 00 3.61 3.23 0.63 0.0
F13—-14 Benomyl 3.60 3.65 024 00  3.47 348 025 0.0
Captan 346 3.68 033 00 3.63 3.13 0.00 0.0
Benomyl + Captan 3.47 333 000 00 3.74 3.30 037 0.0
No fungicide 299 293 0.08 0.0 3.56 3.28 0.16 0.0
Bosgsier Benomyl 38 3.88 219 0.0 3.62 343 0.73 0.0
Captan 3.84 390 223 00 3.67 3.10 1.24 0.0
Benomyl 4 Captan 3.84 398 190 0.0 3.36 3.33 1.01 0.0
No fungicide 375 398 135 00 3.62 3.10 0.83 0.0
Pb—1 Benomyl 399 4.00 3.03 00 3.83 370 1.77 0.0
Captan 3.73 400 303 00 379 328 152 0.0
Benomyl 4- Captan 391 4.00 1.73 0.0 3.69 395 2.50 0.0
No fungicide 3.73 400 043 CO0 3.89 293 1.40 0.0

L. S. D. (P=0.05) for fungicide
‘within cultivar 0.14 0.14 0.21 NS* 0.18 0.23 0.32 NS

* Not significant
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Table 6. Mean seedling length of preharvest-fungicide treated seeds in sand afd fleld
germination tests, alter storage under ambient conditions (cm).

Cultivar

PM 78—25

PM78—13

F73—14

Bossier

Pb—1

Funglcide

Benomyl

Captan

Benomy! + Captan
No fungicide

Benomyl

Captan

Benomy! + Captan
No fungicide

Benomyl

Captan

Benomy! 4+ Captan
No fungicide

Benomyl

Captan

Benomyl + Captan
No fungicide

Benomyl

Captan

Benomyi + Captan
No fungicide

L. S. D. (P=0.05) for mqgicide

with in cultivar

* Not significam

Sand germination test
Months in storage

0

28.5
294
24.8
217

27.6
344
30.4
20.7

17.3
24.6
26.9
19.3

37.3
23.1
28.6
25.5

18.6
28.7
334
321

24

3

220
20.5
27.6
17.3

21.8
21.6
25.7
23.5

18.3
180
13.9
14.5

224
26.7
21.3
16.5

240
19.7
273
14.4

6

134
7.6
8.2
4.9

10.7
9.1
10.0
4.4

0.7
0.0
0.0
0.0

64
8.5
6.9
6.0

126
10.2
9.3
14

1.2

9

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

NS*

Fleld germination test
Months in storage

0

9.7
11.6
114
119

12.8
13.5
13.1
12.0

12.3
12.6
13.1
11.6

10.4
11.9
13.1
11.6

11.5
12.8
119
12.8

NS

3

10,6
132
114
11.7

14.8
13.0
13.5
13.0

14.4
14.7
14.1
13.6

13.9
13.6
13.2
13.6

12.3
13.0
13.5
12,9

6

1
10.0
10.2

6.2

10.2
10.8
9.5
8.5

32
4.5
0.0
0.8

8.2
9.1
6.1
84

9.8
10.1
10.6

9.3

NS

9

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

NS
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Table 7. Mean seediing dry weight of preharvest-fungicide treated seeds in fleld and sand
germination tests, after storage under ambient conditions (mg).

Cultivar

PM 78 —25

‘PM78—13

F13—14

Bossier

Pb—1

Fungicide

Benomyl

Captan

Benomyl 4 Captan
No fungicide

Benomyl

Captan

Benomyl + Captan
No fungicide

Benomyl

Captan

Benomyl + Captan
No fungicide

Benomyl

Captan

Benomyl 4 Captan
No fungicide

Benomyl

Captan

Benomyl + Captan
No fungicide

L. S. D. (P=0.05) for fungicide

within cultivar

+ Values are in mg.

Sund germination test
Months in storage

0

56.0*
64.6
64.8
61.1

9.1
105.5
112.1
107.3

120.1
117.2
129.4
108.1

106.6
135.3
107.8
120.9

91.1
128.3
103.4

88.9

8.4

3

64.1
72.1
72.4
783

80.9
112.0
122.9
120.1

143.2
149.8
152.0
130.7

118.4
190.0
1220
133.1

88.9
1123
109.0

98.8

10.4

6

101.8
78.5
78.7
59.4

106.1
128.7
1169
101.4

242
0.0
0.0
0.0

106.5
128.7
116.9
1014

121.2
115.5
117.4

14.9

1.8

* Not significant

9

0.0
0.0
0.0
0.0

00
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

NS*

Field germination test

Months in storage

0

99.0
124.5
94.8
121.0

160.8
148.7
161.5
152.3

190.0
207.7
183.9
2211

190.3
157.3
2144
203.0

154.0
140.6
150.3
1574

NS

3

94.0
106.6
103.5
102.4

160.5
145.3
141.5

99.8

148.5

1189

145.6
133.7

127.1
1559
150.4
137.5

153.0
106.6
107.8
104.8

1.14

6

7.1
101.9
127.5

759

141.3
154.9
1072
109.3

42.6
744

0.0
16.1

129.3
141.3

78.8
121.5

120.9
129.9
129.1
138.6

0.22

9

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

NS



