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The Influence of Maturity Stages and Drying on Germination,

Vigor and Leachate of Soybean Seeds During Storage
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ABSTRACT

Harvesting seeds at physiological maturity (PM) and drying in the shade offers an effective mean for
maintenance of seed quality in soybean {Glycine max (L.) Merr.]. The present study was conducted to evaluate
the effects of maturity stages and desiccation on germination, vigor and leachate of soybean seeds during
storage. The seeds growing at Lansak District, Uthaitani, during rainy season in 1999 were harvested either at
PM or at field maturity (FM) and allowed to air-dry in intact pods either slowly under shade in the laboratory or
rapidly in full sunlight. The seeds were hand shelled when seed moisture content of 14-15 % was achieved and
further dried until moisture content of 8-9 % was obtained. Seed at PM with sun drying showed decline in vigor
at 120 days of storage. Instead of no change in germination, deterioration appeared by reduction of TZ1 and
increased of TZ3 to TZ5. However, such changes were small in seed at PM with shade drying. Seed at FM
with sun drying showed apparent leachate at early imbibition through storage period up to 90 days, whereas
seed at PM with sun drying showed leachate at 120 days of storage. The results suggested that harvested seeds
at PM and drying in the shade could maintain seed quality in storage. This would be a practical method for the

farmers to harvest earlier and avoid from field weathering.

Key words : soybean, seed maturity, drying, seed quality, storage.
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Table 1 Effects of maturity stage, drying and storage period on germination (G) (%), viability (TZ) (%), field emergence

(FE)(%), germination after accelerated aging (AA) (%), speed of germination, SGR (mg/seedling), electrical

conductivity of seed leachate ([s/cm/g seed) (EC) of soybean seeds.

Maturity Drying Storage G TZ FE AA Speed SGR(mg/ EC(UL
stage treatment  period (%) (%) (%) (%) seedling) s/cm/g
(days) seed)

PM shade 0 100 97 100 100 10.75 37.03 46.52
30 100 99 98 96 11.44 26.43 47.62

60 98 99 99 99 10.00 26.81 4401

90 100 99 98 98 11.50 22.59 47.93

120 100 98 95 100 11.75 24.35 53.65

PM sun 0 95 91 100 99 11.89 29.78 51.14
30 88 82 95 88 11.44 17.67 39.52

60 96 90 95 94 12.06 23.72 47.64

90 95 94 97 96 11.44 22.51 39.38

120 87 98 90 97 10.81 22.56 66.95

FM shade 0 89 93 89 84 9.44 22.45 49.39
30 95 93 96 93 11.25 23.89 48.24

60 94 95 98 94 10.38 24.43 48.74

90 96 97 99 99 11.19 26.41 47.18

120 90 98 97 96 11.00 23.25 59.06

FM sun 0 97 92 90 92 11.63 28.49 49.47
30 92 97 100 92 11.69 26.54 39.71

60 95 94 98 98 12.06 26.25 40.90

90 96 95 100 94 12.00 23.47 50.43

120 91 96 93 93 11.25 27.51 54.26

! All values are the means of 4 replications.
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Table 2 Effects of maturity, drying and storage period on TZ staining pattern of soybean seeds.

Maturity Drying Storage TZ staining pattern (%)
stage treatment period Viable seed Nonviable seed
(days) TZ1 TZ2 TZ3 TZ4 TZb TZ6 TZ7 TZ8 TZ9
PM shade 0 92 - 3 2 2 1 - - -
30 93 - 2 4 1 - - -
60 97 - 2 1 - - - -
90 95 - 1 3 1 - - - -
120 95 - - 3 2 - - - -
PM sun 0 76 1 10 4 4 - ) 1 -
30 75 - - 7 8 . 3 -
60 79 4 4 3 7 ) . - -
90 66 1 1 10 6 - - - -
120 79 - - 13 1 1 - - -
FM shade 0 88 - 4 - 8 - - - -
30 75 - 9 9 5 1 1 . -
60 86 1 1 7 5 - - - -
90 87 - 2 8 2 - - 1 -
120 93 - 3 2 1 - - 1 -
M sun 0 84 - 3 5 4 3 - - 1
30 94 - 2 1 2 - 1 - -
60 89 - 2 3 4 2 - - -
90 85 - 4 6 5 - - - -
120 79 - 4 13 3 . 1 - -
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Moisture content (%)

1 1 i 1 1 1 L 1 1 1 L4
0 2 6 10 14 18 22 2b
Desiccation period (days)

Figure 1 Changes in moisture content of soybean seeds harvested at PM and FM. A, PM with shade drying ;

O, PM with sun drying; M, FM with shade drying ; [, FM with sun drying.
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Conductivity () /cm/g seed)

0 day (a)

Conductivity (M s/cm/g seed)

90 days (d)

Figure 2 Changes in electrical conductivity of leachate from soybean seeds stored for various period of 0 (a),

30 (b), 60(c), 90 (d) and 120 days (e) at room temperature. A , PM with shade drying; &, PM with

sun drying; I, FM with shade drying; [J, FM with sun drying.

66

MIETIMTNEET U9 19 Af 1 unTan - banew 2544



SSRINANITNA8DS

2 ¥,
ANNIDNLATANNLTILTIA AN UDEN 9T
1 v A‘ g d
Tustyhamawansndauazifadugegadawmin
§nunfi PM (Harrington, 1972) usithamwineses
=) 1 g A ¥
m(ﬂ\lummzamﬂmwzﬁmsqnLLmJaqmﬁm%’ﬂﬂé’ PM
[ a o & @ o € [
namuwawﬂmmwwmmmamwuﬁamaﬂm Spears et al.
(1997) WU EMWEIMENNUMNNGY (33-38 '7.)
. o Y
FURATUIuILEY R5 D9 PM paamdatimanstiu
A v a4 & 4 G o v ad a
fawBufiufesdeiuglasyiuifisvay PM anfla
[~3 M v LY} [4 [} [
flalddntiasiunmsgyifogunimaasadaiug
1 [~3 [ v I3 n.‘/ A ﬁl [~3 dl d‘
athalsAmamdatugtiamdestaiuifieaf PM
LLaﬂﬂumiﬁnmﬁﬁu\lé’dwﬁQmqua GRRIEhh
Tuwslfidnisuazanasaninlsiinnin 95 %)
ﬁdLﬂumiaﬁuawLm’Jﬁ@ﬁ’h ANIIDNUALANNUTILS
< v € a 3 dl a é'i v @
TpaNaaNURITinTIugIEaf PM anvisdaumsuana
v G 1 v 1 -1
Trdwnamwnadenluszenon PM hiflenmguuss
gy Fadeiugiion qoanw WAL PM - FM
o ¥ v ] A 4
amw‘LuLL‘iJaaﬂqnmmmﬂsauﬁaunuNumnuam SR
° 1% @ @ (d‘ @ n'l -:i a -1
ivdeugzafiufieod FM fanuudusianad
§ < 3 [ [ [
(afidudansaniulsuazmendenisiseais)
WawSuufiuuty PM (Table 1) Z980aAaINU
NAMIANENTBY ST LazA (2521) LAy Delouche
A G A o v G “
(1980) amLﬂum'sﬂuwsl‘wmmmmaamqmmw
PoLNAAMENEIIN PM indefinaniduelale
anulefimdidpandaiaiuluggui Falunaiiufien
wiawugi PM e lfilumdaiugiifiasi
ANNMRZANIINNN

€

-3 v A (5.9 [ 3 v
sLuU'i'i@ﬂLNﬁ@]W%ﬁ;W‘ﬂ‘i@’JUﬂ% INRANUD

q

|.|1 A [N ' dld 1 <
mmaammL’maﬁlunqmumaﬁau AWML (Delouche

q
a

et al, 1973) wuananHnIsALbaaNEaNILIg
1senauiiusumeeay radicle-hypocotyl  fiyuaansn
A v G v oA G v | <
st lomausniniudinmEauamenTng,
(Moore, 1972) athelsfianumsvlrsdaurslan
IEAN NN TUT LN AN AIDENTINEITEANNSIUN
Lssefingd Wiavhlrensduanadetnte laudande
Tufidy  Tegeeisildfinadaninsaniugening

Thai Agricultural Research Journal Vol. 19 No.1 January - April 2001

viegquuduanuildia (Carter, 1973) athalshima
Linpanademeiilumsnasssdlainfaan
mMIanaNgun nssilaslnannmIwaEe
Anfivuaiededuafousaniitinananafoud
snsenuindalasnss 3 Rlinuanademes
Fanemifienn
NMTYYLREAINIDNUALAINUTILTS
goadaiug Readfesumsdsuudasms
FHrmenuariiaifafetulusarhmaivin
gudemsiaueasewled Tusduidonanin
memeleaeas  wawswieme  sefumsdaesivd
Tu56 (McDonald, 1999) At aameniisfiotu
fousnnlumiaffiaaindud (Ching, 1972)
uananiitindefifiuinmiiouningsdinud
fagrh sansafusnmadeiug enawuiouday
Fulimeldanmwessnan (Delouche, 1975) Egli et al.
(1979) LauaLLwdwnwiLﬂﬁﬂuLLﬂadqmwwmaamﬁﬂﬁuﬁ
Tusgheamafunnflenadaius inddariugonn
Hosdu esnnudad Flunsinmilfanusen
uasamaasatinsdugeiananniusnmidenouds
120 Ju adwlsfimumsfonfindasin TZ udng
Ihfinethafmawinadadimsdon qumwAatu
mswdsuudadludadmseandaan 121 A 129
usna bR msdanaunm meaeasmadasuly
TZ1 fumst iduihaderugianaudusianag
(Yaklich and kulik, 1979) lamiawizathaiy
mméauqmmwauﬁ@ﬁumﬁ@ﬁuﬁﬁ PM Foamamaitu
drpussefndnnnsdenudi FM Seaaanaiu
lufisuasdeusating faronedoaiumafinmuas
Shephard et al. (1996) Ms@eFAN (TZ3 uay TZ6)
donnansazay T2 adhivlwdodelfisuas
Andeiliueadiniuduasduninilafound
Feonfiennusiusuraaadndeddialasuans
Bumuawiiiiiamsss inauasqadumaaiiihly
LTINS (Powell and Matthews, 1977) uaﬂmﬂf:
fuiddondlnde (Tz4 uax TZ5) Wamnmame
waaifioiia(Grabe, 1970) Faflamgumnmsgeyide

67



ol dehydrogenase (Roberts, 1951)
WialleNdaduaaidn (TZ3 uay TZ6)

waziiafandondlifin (TZ4 way TZ5) vlaudu
Ao 8 v a o G

dungimlfifanisiiinazonnde  lasaniy

|
a

1 a 4 [ v Ea A
QEJ'NENEﬂLL‘]J‘]Jﬂ']S@@]ﬁ‘IJQGLNﬁ@WWE‘VI PM %4986

De

ANNTUGILUNIDINAY (Table 2) @IUEmMs
A a X . G o £d A
WO UAMWANIUIINNILNEIRUTT FM &9aa
: 1% as 4 v 1 0.‘/ [~3 t:;
ANNTUMEATIAITYU uemsianaraundedl PM
A a X o, A & o v o
nifaviieiundaifiafiunulule 120 Fu
Y4 f X9 o da v o 4 :
venasazfnfuludaniinfifseiundasnndt lu
[~ 3. ° a dl 1 [« v
sruswsnzaInsiiusnm - eafinefandulyle
a [~ [3 v Kn:!l ;’1 [~3
NAUNANNMIINUINBUNGONUTN PM diniiiumg
ca' 1% d’u 1A A’ a -g
SudulusvoriidelidnsifonquainAngu
GL A G o € Ao A a X
Wi NAARUY FM Jaasmisidanemmwiiosn
wudalusyuwils mm“aﬂmmaanaumumm
mammimua@wuﬁw FM 398002183 u¢08
X
LEIDIAR ST AN NIRRT AR T
1590 (Adams et al., 1983; Seyedin et al., 1984)

#qlnameneans

nanMsAnmilesIiifuniindaiugy
favorgnundroiudnariildgmanindaciotu
@ [Y) Kd‘ = [~1 '
Tmmamwwqw PM aglemaanuasaiaudausigonm
G o €4 & A A X G o €
WAANUETUNLIAEIN FM MIananutundaiug
pthaInSnuasadoavh LT AR Emm
< ni [ v Knll A’I/ A
Uit PM  uazanenudulaelalsl
mswadanrisanufisnbifuaidelon doqonm
@ v € Adgﬁ | dl [~ A
PBUNGARUT  FDHAROARsTumadenteunmIng
madmﬂnmﬂmmmamLﬂumamwuﬁmaﬂanhqwﬂﬂ
T@u\lwaamﬂmLmaaammmmwsawaamum
qmmwa\lummsﬁwaﬂmwmwgnmwammﬂm

G w6
ARG

68

LBNFI521984

oy aul@es Wiy veugis Tnna 1@iyels
waeafin  Adnsal 2521 msdnwemnw
woranuuisussra s GaNutiundad
rdalugers. wh 215 i eemwams
funhAded 2521, nasiels nasAmninmes,
NN,

a’li&lﬂ‘ ﬂ%ﬁﬁ@@ﬂ. 2533. Nﬁ‘ﬂ@dﬂ?ﬁﬁ@ﬂﬁ?}i%u
silaRugiavdssneiameaiddansfiedzes
TTC NN ANNUIINTY UAYMIUANST
maatﬁaﬁmuﬁﬂ 2 inwmsenans (ne) 24
167-175.

Adams, C.A.; M.C. Fjerstad and R.W. Rinne. 1983.
Characteristics of soybean seed maturation :
necessity for slow dehydration. Crop Sci. 23
: 265-267.

AOSA. 1983. Seed vigor testing handbook. Contri-
bution No.32 to the Handbook on Seed Test-
ing. Assoc. Off. Seed Analysts. 88 p.

Carter, JB.H. 1973. The influence of the testa,
damage and seed dressing on the emergence
of groundnut (Arachis hypogaea). Ann. appl.
Biol. 74 : 315-323.

Ching, T M. 1972. Aging stresses on physiological
and biochemical activities of crimson clover
(Trifolium incarnatum L. var. Dixie) seeds.
Crop Sci. 12:415-418.

Delouche, J.C.; A X Matthes; G.M. Dougherty and
A H. Boyd. 1973. Storage of seed insubtropical
and tropical regions. Seed Sci. and Technol.
1 : 427-452.

Delouche, J.C. 1975. Seed quality and storage of
soybeans. Pages 86-107. In: D.X. Whigham
(ed.). Proceeding : soybean production, pro-

tection, and utilization. INTSQY Series No.

METIMInEes U0 19 adufl 1 unTeN - W 2544



6. University of Illinois, Urbana - Champaign.

Delouche, J.C. 1980. Environmental effects on seed
development and seed quality. Hort Science
15 . 775-780.

Egli, D.B.; GM. White and D.M. Tekrony. 1979.
Relationship between seed vigor and the
storability of soybean seed. J. Seed Technol.
3111

Foster, GH. 1973. Heated-air grain drying. Pages
189-208. In: RN. Sinha and W.E. Muir(eds.).
Grain storage part of a system. The AVI Pub-
lishing Co., Inc., Westport, Connecticut.

Franca Neto, J.B.; A.A. Henning and F.C.

Seed production and

Pages 217-240.

Krzyzanowski. 1994.
technology for the tropics.
In : tropical soybean : improvement and pro-
duction. Fao, Rome, Italy.

Grabe, DF., ed. 1970. Tetrazolium testing handbook
for agricultural seeds. Contribution No. 29 to
the Handbook on Seed Testing. Assoc. Off.
Seed Analysts.

Harrington, J.F. 1972. Seed storage and longevity.
Pages 145-245. In : T.T. Kozlowski (ed.). Seed
biology, Vol. . Academic Press, Inc., New York.

Harrington, J.F. 1973. Problems of seed storage. Pages
251-263. In : W.Heydecker(ed.). Seed ecology.
Butterworth and Co (Publishers) Ltd., London.

Hilhorst, HW.M. and P.E. Toorop. 1997. Review on
dormancy, germinability and germination in
crop and weed seeds. Pages 11-165. In :
L.D. Sparks (ed.). Advances in agronomy, vol.
61. Academic Press, San Diego, California.

Hor, Y.L. 1976. Storage of field crop seeds under
Malaysian conditions. Pages 123-134. In :
HF. Chin, I.C. Enoch and R.M. Raja Harun
(eds.). Seed technology in the tropics.

Universiti Pertanian Malaysia, Serdang,

Thai Agricultural Research Journal Vol. 19 No.1 January - April 2001

Selangor, Malaysia.

ISTA. 1985. Handbook on tetrazolium testing. The
International Seed Testiné Association.99 p.

ISTA. 1996. International rules for seed testing.
Annexes 1996. Seed Sci. and Technol. 24 :
155-202.

Maguire, J.D. 1962. Speed of germination - aid in
selection and evaluation for seedling emer-
gence and vigor. Crop Sci. 2 : 176-177.

McDonald, M.B,, Jr. and B.R. Phaneendranath. 1978.
A modified accelerated aging seed vigor test
for soybeans. J. Seed Technol. 3 : 27-37.

McDonald, M B., Jr. 1999. Seed deterioration : physi-
ology, repair and assessment. Seed Sci. and
Technol. 27 : 177-237.

Moore, R.P. 1972. Effects of mechanical injures on
viability. Pages 94-113. In : E.H. Roberts
(ed.). Viability of seeds. Chapman and Hall
Ltd., London.

Powell, A.A. and S. Matthews. 1977. Deteriorative
changes in pea seeds (Pisum sativum L.)
stored in humid or dry conditions. J. Exp.
Bot. 28 : 225-234.

Powell, A.A. and S. Matthews. 1979. The influence
of testa condition on the imbibition and vigour
of pea seeds. J. Exp. Bot. 30 : 193-197.

Roberts, L.W. 1951. Survey of factors responsible
for reduction of 2, 3, 5-triphenyl tetrazolium
chloride in plant meristem. Science 113 :
692-693.

Schoettle, A.W. and S.C. Leopold. 1984. Solute leak-
age from artificially aged soybean seeds
after imbibition. Crop Sci. 24 : 835-838.

Seyedin, N.; J.S. Burris and T.E. Flynn. 1984. Physi-
ological studies on the effects of drying tem-
peratures on corn seed quality. Can. J. Plant

Sci. 64 : 497-504.

69



Shephard, HL.; RE. L. Naylor and T. Stuchbury. 1996.

The influence of seed maturity at harvest and
drying method on the embryo, O - amylase
activity and seed vigour in sorghum (Sorghum
bicolor (L.) Moench). Seed Sci. and Technol.
24 : 245-269.

Spears, J.F.; D.M. Tekrony and D.B. Egli. 1997.

70

Temperature during seed filling and soybean
seed germination and vigour. Seed Sci. and

Technol. 25 : 233-244.

Tekrony, D.M.; D.B.Egli; J.Balles; T. Pfeiffer and
R.J Fellows. 1979. Physiological maturity in
soybean. Agron. J. 71:771-775.

Yaklich, RW. and MX. Kulik. 1979. Evaluation of
vigor tests in soybean seeds : relationship of
the standard gremination test, seedling vigor
classification, seedling length, and tetrazolium
staining to field performance. Crop Sci. 19:
247-252.

MIFEHINMTINEAT T9 19 atfl 1 unTax - wanew 2544



