SHxIX|(Korean J. Crop Sci), 65(4): 353~364(2020) ISSN 0252-9777(Print)
DOI : https://doi.org/10.7740/kjcs.2020.65.4.353 ISSN 2287-8432(Online)

o x o] AS =2 = = o] A =
LM U 43 X|20] T2 2 SA BN U SN W3

O3 - MTIZ? - upges® - Ztz® - o|7|#' - 0|RF* - ZOIE - oY - RBEH]

Yield and Seed Quality Changes According to Delayed Harvest with Rainfall Treatment
in Soybean (Glycine max L.)

Inhye Lee', Min=Jung Seo?, Myoung Ryoul Park®, Nam-Geol Kim®, Gibum Yi', Yu-young Lee*, Mihyang Kim*,
Byong Won Lee*, and Hong-Tae Yun®'

ABSTRACT Recently in Korea, soybean harvesting has been delayed due to rainfall during the harvesting season, resulting in
a reduction in yield and seed quality. This study was conducted to analyze the changes in yield and seed quality during delayed
harvest with rainfall treatment using different harvesting methods, including field harvesting and polyethylene film covering after
cutting fully-matured soybean plants (PE covering after cutting), with two major Korean soybean cultivars (Glycine max L),
Pungsannamulkong and Daewonkong. The shattering rate of Pungsannamulkong, which is higher than that of Daewonkong,
increased up to 41.8% when the harvest was delayed for 40 days without rainfall treatment by harvesting with PE covering after
cutting. The weight of 100 seeds tended to decrease slightly as harvesting was delayed. When Daewonkong was harvested using
the PE covering after cutting method with rainfall treatment, the yield decreased to the lowest level with a 0.8 kg ha™ daily
reduction rate. Pungsannamulkong showed the lowest yield when harvested using PE covering after cutting without rainfall
treatment with a 3.4 kg ha' daily reduction rate. The infected seed rate increased according to the harvest delay in both cultivars,
and significant differences were observed according to rainfall treatment and harvesting method. The germination rate was
maintained above 95% even after 40 days of delayed harvest if there was no rainfall treatment. However, with rainfall treatment,
the germination rate was significantly lowered as harvesting time was delayed. In the field harvesting with rainfall treatment, the
germination rate decreased to 77.2% for Daewonkong and 76.5% for Pungsannamulkong after 40 days of harvest delay. For the
100-seed weight, effects of individual treatments and interactions between treatments were not observed. In contrast, the effect of
interactions between treatments on the shattering rate was significant in both cultivars, indicating that the shattering rate had the
greatest impact on the yield changes during delayed harvest.
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Fig 1. Comparison of shattering rates according to rainfall
treatment, harvest methods, and harvesting time. (a)
Daewonkong, (b) Pungsannamulkong.
Full maturity stage, R8+10d : 10 days after R8, R8+
20 days after R8, R8+30d : 30 days after R8, R8+
40 days after R8, PE : polyethylene film
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Table 1. F-values from analysis of variance for the effects of rainfall treatment, harvest methods, and harvesting time on yield

and seed quality for Daewonkong.

Treatment SR SW Yield IR GR CP CF
Rainfall (R) 8.4° 156" 23.9" 2455 3432.8" 26.0"" 85.8""
Harvest methods (M) 919.4™ 2.4m 13.8" 106.9"" 32.7 113.0"" 111.0""
Harvesting time (T) 399.5" 6.8" 43.0" 417" 411.9" 1.0™ 2.8"
R*M 186.8™" 1.6™ 0.0™ 86.3"" 352" 248" 89.7°
R*T 2.5m 2.5m 2.3 267 375.5° 3.7 9.3™
M*T 86.3"" 0.8™ 1.5 20.4™ 10.0™" 122" 1477
R*M*T 18.5™ 2.2m 1.5™ 14.3™ 12.0"™ 4.0" 9.4™

SR: Shattering rate, SW: 100 seeds weight, IR: Infected seed rate, GR: Germination rate, CP; Crude protein, CF: Crude fat.
* Fx*k%and ns @ Significant at the 5%, 1%, 0.1% level of probability, and non-significant, respectively.

Table 2. F-values from analysis of variance for the effects of rainfall treatment, harvest methods, and harvesting time on yield
and seed quality for Pungsannamulkong.

Treatment SR SW Yield IR GR CP CF
Rainfall (R) 4351.7°" 156" 147.9™ 34777 3363.5" 111.9™ 110.7°
Harvest methods (M) 1324.4™ 2.4 337.0"™ 203.0" 84.7° 88.5™" 483"
Harvesting time (T) 3387.6" 6.8" 356.1°" 167.3™ 419.4™ 8.6" 77"
R*M 91.6™" 1.6™ 51" 309" 120.5"" 18.0" 9.8"
R*T 562.1°" 2.5m 23.0"™ 66.4"" 427.0"" 1.7 10.9™
M*T 2757 0.8™ 63.0"" 44.6™" 22.0" 9.6 74"
R*M*T 40.0"" 22" 8.4" 717 264" 1.9™ 2.5m™

SR: Shattering rate, SW: 100 seeds weight, IR: Infected seed rate, GR: Germination rate, CP; Crude protein, CF: Crude fat.
* kk*k% and ns @ Significant at the 5%, 1%, 0.1% level of probability, and non-significant, respectively.
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Table 3. 100-seeds weights of soybean cultivars according to rainfall treatment, harvest methods, and delayed harvest.

Rainfall treatment Harvest methods

Harvesting time

100 seeds weight (g)

Daewonkong Pungsannamulkong
31.7+0.2ns" 12.0£0.2ns
R8+10d 31.5+0.5ns 11.9+0.5ns
Field harvest R8+20d 31.5+0.5ns 11.8+0.3ns
R8+30d 31.2+0.2ns 11.7+0.3ns
None  rainfall R8+40d 31.1+0.5ns 11.5+0.2ns
31.8+£0.4ns 12.0£0.2ns
R8+10d 31.6£0.3ns 11.9+£0.2ns
PE covering after cutting R8+20d 31.5+0.3ns 11.8+£0.3ns
R8+30d 31.5+0.2ns 11.8+0.5ns
R8+40d 31.4+0.3ns 11.7+0.3ns
31.8+0.4a 12.0+£0.2ns
R8+10d 31.4+0.6ab 11.9+0.3ns
Field harvest R8+20d 30.9+0.4bc 11.8+0.3ns
R8+30d 30.7+0.6¢ 11.7+0.3ns
Raingall R8+40d 30.4+0.3¢ 11.5+0.3ns
31.8+0.4a 12.0+0.2ns
R8+10d 31.4+0.5ns 12.2+0.2ns
PE covering after cutting R8+20d 31.1+£0.5ns 12.1£0.1ns
R8+30d 31.0+0.4ns 11.9+0.2ns
R8+40d 30.9+0.3ns 11.8+0.3ns

" Means in a column with different superscript letters are significantly different according to Duncan's multiple-range test at

p < 0.05.

* R8 : full maturity stage, R8+10d : 10 days after R8, R8+20d : 20 days after R8, R8+30d : 30 days after R8, R8+40d : 40

days after R8, PE : polyethylene film
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Table 4. Average yields of soybean cultivars according to rainfall treatment, harvest methods, and grain harvesting time.

' o Yield (kg ha™)
Rainfall treatment Harvest methods Harvesting time
Daewonkong Pungsannamulkong
296+4.6a" 316+4.2a
R8+10d 291+7.3ab 282+4.7b
Field harvest R8+20d 287+1.1ab 275+1.8bc
R8+30d 285+1.2b 268+4.1cd
None  rainfall R8+40d 280+5.1b 251+10.1d
296+6.2a 316+4.2a
R8+10d 289+9.6ab 281+4.8b
PE covering after cutting R8+20d 28243.1bc 25344.9¢
R8+30d 276+4.3¢ 217+£5.3d
R8+40d 272+0.6¢ 182+4.2¢
296+4.6a 316+4.2a
R8+10d 290+3.8a 297+8.5b
Field harvest R8+20d 279+3.4b 295+1.7b
R8+30d 274+4.8bc 280+3.1¢c
Raingall R8+40d 268+1.8¢ 273+6.7¢
296+4.6a 316+4.2a
R8+10d 275£2.1b 291+4.1b
PE covering after cutting R8+20d 272+1.1bc 259+1.5¢
R8+30d 272+3.6bc 249+2.0c
R8+40d 265+3.4¢ 235+7.1d

" Means in a column with different superscript letters are significantly different according to Duncan's multiple-range test at

p < 0.05.
* R8 : Full maturity stage, R8+10d :
40 days after R8, PE : polyethylene film
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1 ——none rainfall/Pe covering after cutting (b)
—o—None rainfall/Field harvest

] --k--Rainfall/PE covering after cutting
--e--Rainfall/Field harvest

R2 R8+10d R8+20d R8+30d

R&+40d

R2 R&+10d R&+20d R&+30d R&+40d

Harvesting time

Fig. 2. Comparison of infected seed rates according to rainfall treatment, harvest methods, and harvesting time. (a) Daewonkong,
(b) Pungsannamulkong.
* R8 : Full maturity stage, R8+10d : 10 days after R8, R8+20d: 20 days after R8, R8+30d : 30 days after R8, R8+40d : 40
days after R8, PE : polyethylene film
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Fig. 3. Comparison of seed germination rates according to rainfall treatment, harvest methods, and harvesting time. (a) Dae-

wonkong, (b) Pungsannamulkong.
* R8 : Full maturity stage, R8+10d :
40 days after R8, PE : polyethylene film
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Table 5. Protein contents of soybean cultivars according to rainfall treatment, harvest methods, and harvesting time.

Rainfall treatment Harvest methods Harvesting time %)
Daewonkong Pungsannamulkong
RS 41.4+0.3a" 44.3%0.1bc
R8+10d 41.7+0.2ab 44.7+0.3a
Field harvest R8+20d 42.2+0.3a 44.24+0.4¢
R8+30d 42.2+0.2a 44.9+0.1a
None  rainfall R8+40d 42.1£0.1a 44.6+0.2ab
R8 41.4+0.3ns 44.3£0.1ns
R8+10d 41.0£0.6ns 44.2+0.2ns
PE covering after cutting R8+20d 41.6+0.3ns 43.9+0.3hs
R8+30d 41.0£0.2ns 43.9+0.2ns
R8+40d 41.5+0.9ns 43.7+0.7ns
RS 41.4+£0.3b 44.3£0.1ns
R8+10d 42.4+0.3a 43.8+1.0ns
Field harvest R8+20d 42.0+0.3ab 43.8+1.1ns
R8+30d 42.0+0.2ab 43.7+0.7ns
Rainfall R8+40d 41.8+0.6ab 43.8+0.3ns
RS 41.4+0.3a 44.3+0.1a
R8+10d 39.6+0.6bc 42.1+0.5bc
PE covering after cutting R8+20d 39.4+0.8¢ 42.4+0.2b
R8+30d 39.8+0.2bc 41.9+0.2bc
R8+40d 40.7+1.1ab 41.6+0.4c
" Means in a column with different superscript letters are significantly different according to Duncan's multiple-range test at
p < 0.05.

* R8 : Full maturity stage, R8+10d : 10 days after R8, R8+20d : 20 days after R8, R8+30d : 30 days after R8, R8+40d :
40 days after R8, PE : polyethylene film
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Table 6. Crude fat contents of soybean cultivars according to rainfall treatment, harvest methods, and harvesting time.

Crude fat content(%)

Rainfall treatment Harvest methods Harvest times

Daewonkong Pungsannamulkong

R8 19.1£0.2af 17.7+0.1a

R8+10d 18.7+0.1¢c 17.5+0.1ab

Field harvest R8+20d 18.8+0.1bc 17.4+0.2ab

R8+30d 19.0+0.1ab 17.3+0.1d

None  rainfall R8+40d 19.0+0.0ab 17.5+0.1a

R8 19.1+0.2ns 17.7+0.1ab

R8+10d 19.2+0.2ns 17.2+0.2¢

PE covering after cutting R8+20d 18.9£0.1ns 17.6+£0.3d

R8+30d 19.0+0.1ns 17.9+0.1ab

R8+40d 18.8+0.4ns 18.1+0.4a

RS 19.1+0.2ns 17.7£0.1ns

R8+10d 18.9+0.2ns 17.8+0.1ns

Field harvest R8+20d 18.8+0.1ns 17.8+0.3ns

R8+30d 18.9£0.1ns 18.0+0.3ns

Rainfall R8+40d 18.9+0.1ns 18.0+0.1ns

R8 19.1+0.2b 17.7£0.1b

R8+10d 20.2+0.1a 18.4+0.4a

PE covering after cutting R8+20d 20.3+0.4a 18.5+0.3a

R8+30d 20.2+0.2a 18.6+0.4a

R8+40d 20.7+0.5a 18.9+0.3a

" Means in a column with different superscript letters are significantly different according to Duncan's multiple-range test at

p < 0.05.

* R8 : Full maturity stage, R8+10d : 10 days after R8, R8+20d 20 days after R8, R8+30d : 30 days after R8, R8+40d : 40

days after R8, PE : polyethylene film
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