Edible quality and its regulation In vegetable soybean (Glycine Max (L.) Merr.)
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Introduction

Vegetable soybean [Glycine max (L.) Merrill] is large seed soybean harvested at R6-R7
stage when seeds are immature and pods are not turning yellow (Zhang et al., 2010). As
a nutritional and healthy food, vegetable soybean i1s more popular among people who
seek healthy lifestyle and thus its consumption is highly demanded all over the world
(Bara and Cater, 1993; Messina et al., 2006; Rao et al., 2002; Duppong et al., 2005).
Sugar and volatile component In seed are the main chemical substances which
determine the edible quality of fruit (Jouguand et al., 2008; Shanmugasundaram et al.
2001), while the agronomic practices would influence vegetable soybean quality.

The objectives of this study were to examine the genotype variation and factors
Involved In regulating edible quality and its key components, and to investigate how
fertilization and planting date inlfuence the edible quality.

Methods

1. 30 vegetable soybean genotypes were grown in field condition for evaluating the
edible qulaity and its key components.

2. Three vegetable soybean varieties with different soluble sugar contents were grown
field conditions with different fertilization regimes (N and K) and planting dates.

3.Main parameters analyzed: soluble sugar, sucrose, amino acid, protein, fat, four
critical enzymes activities (SPS, SS, Al/NI) at R5.5, R6, R6.2, R6.5, and R7 stages
according to Min Kuo et al. (1997).

Results

1. Vegetable varieties differed in scores for edible quality. The cumulative
contribution of sucrose, fructose + glucose, raffinose, stachyose,
protein, free amino acid and oil to edible quality was 67.8%.

2. Edible quality score was positively related to sucrose content (0.864**),
but negatively related to protein content (-0.439%).

3. The seed sucrose content of vegetable soybean increased in the early
seed filling stage and decrease in late seed filling stage. The
accumulation peak of seed sucrose appeared on the edible stage,
namely 42 days after flowering.

4. The variation of these three sugar contents was small, and thus had
limited effects on edible and nutritional quality in vegetable soybean.

5. The changes of Sucrose Phosphate Synthase (SPS), Sucrose Synthase
(SS), Acid Invertase (Al) and Neutral Invertase (NI) activities were
consistent to the changes of sucrose content during seed filling satge.

6. Variety with higher seed sucrose content constantly had highest key
enzymes activities and thus faster sucrose metabolic rate.

7. The difference of sucrose synthesis enzyme activities (SPS) and sucrose
decomposition enzyme activities (SS+Al+NIl) was positively correlated
with seed sucrose accumulation (r=0.530**).

8. The seed sucrose content paralled the activities of SPS, SS, Al and NI in
seed during seed filling stage by N application. Excessive N application
not only reduced the fresh pod yield but also decreased vegetable
soybean eating quality.

9. K fertilizer plus the foliar application increased the content of sucrose
and fructose but decreased the protein content and increase the fat
content.

10. Delaying planting date was not beneficial to the eating quality of

vegetable soybean. The seed protein content was increased by 0.8-6.9%,
seed sucrose content was decreased by 7.6-45.4% and seed raffinose
and stachyose content was slightly increased after delaying planting
date from 3 May to 15 May, 27 May and 8 June.

11. A synergistic change between the activities of SPS, SS, and NI and seed
sucrose content was found, and delaying planting reduced these
enzymes activities.

Results

Table 1 Correlation analysis among main compounds for edible quality in vegetable soybean
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Fig. 1 Dynamic of seed sucrose accumulation during seed filling
In vegetable soybeans

25 0.6

-o—
0.5 1 —O— CASNo. 1 +
-v-

0.4 -
0.3 -

0.2 -

S 2F
ﬁ%
-

0.1 -

0.0 0.0 . . . . . . 0.00 | | | | | | 28 35 42 ;9 56 63
, . . . . . . . o
28 35 42 49 56 63 28 35 42 49 56 63 28 35 42 49 56 63 THER R

THE e R #ud e K ¥ud

60 0.5 0.20
2.0 A -@- N SS Al -@- No
w50 | SPS -O- N vE z Ecl) N -O— N100
}F W ¥ N + 0.4 v N2 i 0.15 - —W— N200
f)? b —£A— N um A N3 71V —A— N300
EZ‘. 40 - pm 151 ol o
EE“/ ol 7 0.3 ol
M9 30 0 + 7 0.10 -
g e 1.0 | ® +
20 | il 4 0.2 H
451 7]
0.5 0.05 -
10 4 0.1
0 = 00 T T T T T T 00 . . . : : : 000 T T T T T T
28 35 42 49 56 63 28 3 42 49 56 63 28 35 42 49 56 63 28 3 42 49 56 63
IR AT FEAEJE K $ud FFAE )G R#ud THE)R R K

i

ss 06

7 —e— KO+ It I
—O0— K1+ At 1
60 4 —w— K2+ M
—A— K3+ 0 it PN
e \
SPS 5A 3 501 . /ﬁ\\\\ i)
3 5A 158 N /%;;7 \\\jg HUmo 0.5 -
58 27H 1 P | &
7 2.0 1 68 8 H ,,/’é;;f’ s
pm 30 - g,/::i P T= 04 1
s - ERVANIS
ol P 77
E‘E 20 4 [ o -1
154 i
i A B .

1 3 0 i
2 1.0 1 prl &% 121 0.2

, .
) e ~
s AN 0.1
4 e ~
0.5 1 ” . /gii\ Y
40 1 - /7// N
R s L R 0.0
00 30 1 é*”j::;r// - - CASNo.l CASNol Tai292 cv.121
' o T 2010 2011 2011 2011
CASNo.l CASNol Tai292 cv.121 20 « =l
10 - C D
0 T T T T T T T T T !
] i

=
H

0 dn Jo o
o o1 o ;g
Jo Jo o Jo
o N5 w

il

2010 2011 2011 2011
in

Acknowledgments

This research was supported in part by National Natural Science Foundation of China (31140066), National Transformation Fund for
Agricultural Science and Technology (2010GB24910701), Harbin Creative Talents Fund (2012RFXXN016) and the Research Fund of
Key Laboratory of Mollisols Agroecology, Chinese Academy of Sciences (2011ZKHTO08).

Main References

Farrar J, Pollock C, Gallagher J. Sucrose and the integration of metabolism in vascular plants. Plant Sci, 2000, 154: 1-11

MinKuo T, Lowell C A, Smith P T. Changes in soluble carbohydrates and enzymic activities in maturing soybean seed tissues. Plant Sci, 1997, 125: 1-11
Sturm A. Invertases primary structures, functions, and roles in plant development and sucrose partitioning. Plant Physiol, 1999, 121: 1-8

Ishimaru K, Hirotsu N, Kashiwagi T, Madoka Y, Nagasuga K, Ono K, Ohsugi R. Overexpression of a maize SPS gene improves yield characters of potato
under field conditions. Plant Prod Sci, 2008, 11: 104-107




