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Analysis of Long Term Storability of Diploid Watermelon Ultra-dry Seeds
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Abstract: Watermelon (Citrullus vulgaris Schrad.) seeds of two diploid varieties, Wanza 1 and
Fengshou 2, were pre-dried at different levels of silica gel and then stored for 23 years under room
temperature and hermetic conditions. The best storage treatments had 96% and 91% germination
percentage for Wanza 1 and Fengshou 2 varieties when the seed water content was adjusted at 2.32% and
2.23% respectively. The germination-ability of the seed was negatively correlated with the seed water
content during storage period. Positive correlations were found between both POD activity and sucrose
content with the germination percentage, but SOD activity showed a negative correlation with the
germination percentage. In addition, the viability of Wanza 1 of each treatment were compared after 9, 15,
20 and 23 years of storage. For the seed with water content of 5.22% or higher, the germination percentage
declined quickly. However, seed water content with range of 1.65% and 4.12%, the germination
percentage were well retained after 20 - 23 years of storage. These results suggest that diploid watermelon
seeds can retain high viability under ultra-dry condition in the long term storage.
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PRI, ISR AR S KEI, M T EKERE 5% T, %HEERER%
A SR T B L ) % 2 R IR - B — R i (BRBCTF RV ZK S , 19925 B, 2014), Ellis % (1988)
B Z P S K S%PRIKE 2%, RILATE ISy 284 40 £F, FHUERH 2% & K & 10 2 fipp 1
JHAE 20 CH&MF T E 5% EKER PR - 20 CHRMABR—F. ABE% (1996) KB FhF5&
KEREZ 3.5%LLT, Him e, TR T (GKE 7.5%, ZREED BSREK
45%, FHHH B (MDA) FIF RNkl Fffth, S TAEKEEMT (FKE 2.11%) 5%
N AR K s A, I AR Tkt A2 A R R S 1 B AR B RA IR EYE R
W AF, 200000 HHILET AL, Fh R IR AT A A 1R i B S AT RERE, AR RIA TR X
FEERISE A, & — PR HT S B8 1R 7%

AR, A 2B BT P37 7 — REVA0 RS AR B S s 5 T B 7T . ¥ R4S (2006)
R — R L0 MR IR AT NI 13 A KRR O IR B TR T AT
FERRIESE (1999) L CIREN I 08 TR T AL BEXT AU M IS BN PE R e, RILE S FKMifh 74
AP S OR T U R AR BT RE, TSR T . /N SE (2003) Sl RN Fh 7 ) AFLP
HTSSR 73 #r & B - A T IR ORAE A 22 SLEF T4 B £ 7 1 /K P ERIBAE AR R o X EE AR U0 Fh - 7E
& B & KBRS TN B ORFE P AR5 77, 1 HLRE R R 2R 5 4R BT 4 S s AR 1) I A E 1 o
SR, HATKRZEWT R MZ 2 ~ 5 ENFIIIRAF T, FEd A ThindE ek (—exk
FFF0 15 40 ~ 45 Cayif il 95%AHXHRREE NAE 72 h) #7403 . Priathss (1998) K, HA
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(I 5 R SIS ZA TR P IR 76 10 C I 45%AHNHEFE 2541 NI 10 4, AE3E /1A R % . Ozcoban
Al Demir (2002) K& 7KEN 8%+ 10%-. 12%F1 14% 175 KA 723 FIFE 10 ‘CHI 20 °C2&4F R i
18 M H, @RRPFEKEBILHMT (8% 10%) TIReREF R mMAE /1, MEKERER (12%.
14%) 3G JIBEAK. B IREE (2002) WEAS[ES /K& 078 P76 2 iR 2010 T 2 S8 7 47, KIR
Fh-F & K ETE 3.7% A3 J1RE J7 850
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T4, L LU ) 51 ) e A ®1RA—S R HHO S EIHFHTRLE

FIALER (F 1), Hrh ‘e —2 47 AR Table 1 Different treatments of ‘Wanza 1’ and ‘Fengshou 2’ seeds
| PP : BER i Seed weight : silica weight
Fi2 5 A8 AME, BALEE 6 A AT - -

BT T8 "lfreatment ?ﬂ:f* 5 Wanza 1 $ll|ﬁ6 2 5 Fengshou 2
HHEFERD T 1993 4E 1 A IFIR#E =i 4% i E; 13

A G PRAT T A BN T W LR 27 AR 2B 4 101 1:1

S, NEEGIERN, SARMERIEE o o

1 AN 183 ; 1:0 1(1) (1)

1.2 MEFHE

Fi 7Sk BRME: R E RIS (1985) RIMIERM T, (105 £ 2) ClEEHT
12he FFEKE (%) =[ FEmMEATRE - FEBLE RS AT iE] < 100, 2 KEH.

PR R S EM T ATEIRA I G, O 1 B R 5 o] Rei R s, T
FEWNHBEA NP EKE 15d )G, BREEERFRIR 2 (1985) MIHEHT R RE: &4
bR AT (B8 50 KR+ 20 BB HES S B AR R 4R b, TR — 5k IRIRE R /N IR i
REFRBHAMT L, KEFER 2 cm, REERESE, PG EHILE, BRERFEN),
FARRSM (30 C. kM 8h, 20 'C. EHF16h) FHFE, FIRKR G 14d Fib KFR,

A (POD). HEMEALEE (SOD) JEHERIMIE: FREURZE 2 d BIFF 0.5 g, Tk
6 v R 22 1 VT S R 51, 10 000 1+ min™ B0y 15 mine BB SRR . EEIAR . T
%%ﬁ(mm>ﬁﬁ FA 20 1125 77364F 470 nm Rl POD 751 (Caoetal., 2010). Bl iG-S

ZUE UM (NBT) 7E 4 000 Ix G 25 °C R M, 2RJG7E 560 nm FE SOD it (Qiu et al.,
2005).

RERH S B K IR Lty (B2, 2008). B i IR LB AP 5, B 0.5 g FlIETVA
T BE B AT, KIS FP AR EX 30 min, 10 000 r- min™ B0 5 min J5 , WECHEREFREUR, T KAT 30%
KOH, F-RHh KM I E G IR 18 BRI R 98% IR, /K ORIE 5 min, £ 630 nm ¥
KNI E R

2 RS0

21 BFMEEEZEAMRETHIER

W 1 7R, BT 23 AR UM T AR LR e, BEAYERFE 159 ~ 18.0 C
Z ) AHFE—F WUz, SRR . e =l 2 bR 2013 E8m, 1A F 42.8 CHb,
HARFAFALE 38 ~ 40 C; m%%%ﬁﬁﬁﬂﬁk,A¢mmﬁﬁmm5$mﬁmﬁﬁﬁ,ﬁﬁ
-3.0 C, HRFMAREZIE-50 CLLTF. [FB, fFBORIM1 05 RS Eece s, BA Rk R
T, b AR, = IR R AN R FE AR AT O A, ARIEIR R v R, R N
EWNIEES5~35 Co
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2.2 M 23 FRAEMMFHEKEMEFE

e M CF 2 5 VEIR T E N BEGE 23 4F, T 2015 4F 12 HIER A K E,
Wed—5 K12 ~7 S (1 SAHEKSMRE T, FEHET 2012 TS WRFEK
HAIE 2.32%~7.12%, ‘Fl 25" 1~8 ST FEIKELE 2.03% ~ 7.60% (K 2),

2016 4F 1 A mlilie ‘Bede—5 M FU 25 FFRIRER. AR IRN TR SRR
IKEBWHZRAE (R2), MES/KEN TR, KFEREER, FFrRFRSEKEZEFEE R
AR (r=-0.931 Flr =-0.948). H ‘Wi —5" MrEKELE 2.32%0F, KEFFREH,
N 96%, SWFEHIIE K FFEMHUATFE T 2%;: 4 & /KELE 2.32% ~4.03%, FFHIRe IR K
R (HMFh KRR 5.31%, KERIFIHEHE T,

“Fi 25T PR EUKETE 2.23%M, KEFEREE, AT 91%, ST K A AT B
T 3%; HEKEMRE 2.03%80 > 4.53%0, KEFRBFENE, FealidKE = 5.81%N, fr
CEAR R K FRET
2.3 KEIBF IR T E IR A (T R 20
23.1 TR EE (POD) Ao 8L bBs (SOD) &M 49F 0k

AEVMRAFAE— RPN B B EERRF, B SRR DS BR A0 N g s s A, e PR
RV, R B S . AN B L RTE R 3 2LE Al (POD).
A BALEE (SOD). M EAR (CAT). PR MEE Sl (APX) EhiailiiRst. H
#1, POD Ml SOD &Rl i% A I B Ee bR, SR FAEE RS J 5 UIA .

BT 23 4E 5, ‘Bidc—5 R ‘FW 257 1 POD IG5 R 7R R AR 10 2 0 35 IE AR
(r=0.827 fil r=0.892), KZERE, POD itE#iE; &z, MG, Hd, ‘Gida—5" M
“Er 25 HLLALFE 2 1Y) POD 35 AR .

‘W —5 M FA 2 5 R SOD iE S MR EF R B AR (r=- 0.870 Fl r=-0.569),
b R EH T, SOD Ve PEREMR, Rz WFHE (R 2).
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WE, TRrEESERE, WEZRAEEWEKIEMER (r=0.969 fl r=0.835). Hrh, ‘i
—5 M CFU 25 HRCAALEE 2 O ERE S R

F2 WHEBTFIEEY ‘HER—S’ M ‘Fi2 S ANHTERS HFERRT

Table 2  Effects of ultra-dry storage on physiological and biological characteristics of ‘Wanza 1’ and ‘Fengshou 2’ seeds

B4 —5 Wanza | F 2 5 Fengshou 2
s okl ggms oL qopgepy FEE me maps,  TODEIE gop ey HEHEE
Treatment Water Germination (m,?()l . g FW) % Water Germination (mTIIOI . g'FW) %

content percentage g FW) SOD activity Sucrose content percentage g FW) SOD activity Sucrose

POD activity content POD activity content

1 — — — — — 2.03 68 b 091b 153.39 be 1.85a
2 232 96 a 347 a 138.15¢ 245a 2.23 91a 1.95a 14034 d 2.00 a
3 3.09 92 ab 343a 146.85 ¢ 2.31 ab 4.53 53¢ Oc 151.01bcd  1.64Db
4 4.03 89b 0.85b 158.99b 2.14b 5.37 16d Oc 141.78 cd 1.49b
5 531 33¢ Oc 162.46 ab 143 ¢ 5.81 Oe Oc 149.62bcd 131c¢
6 5.43 8d Oc 165.52 ab 1.03d 6.40 Oe Oc 176.87 a 0.48d
7 7.12 Oe Oc 17324 a 033e 6.72 Oe Oc 157.14 b 0.38d
8 — — — — — 7.60 Oe Oc 175.10 a 0.39d

E: NGERRORFE R — AN F AL B R 2 R B (a=0.05).

Note: The lowercase letters indicate significant difference analysis in the same index of the same variety with different treatments (a=0.05) .

24 KHBFEIEPARERZBEFTIHTLES
241 KHRF R T REFO R TE2KERL T EOGTA

DL “Bede—5" FhF AR R, W& B R T IEA R S K R F R TERER . ik
3R, RS AR 0 4F (2002). 15 4 (2008). 20 4F (2013) 123 4E (2016), FALFEFTF1Y
TKEEEA T
242 KR TFERIAR T RE AT A E 6 TAE L

BB B RE K, BBk Eillm, KREFF TR (R 3). SKEE 1.65% ~ 4.12%X
6], B SR BI3G N, Bl R ZF AR TR AR B T B 4B KEA 5.22%I, %K 20 45 (2013)
JEE B REIRER (68%), {HAKLEIZE 23 4 (2016) KIERBIR TR, 1N 33%; 1M24&K
BN 5.58%N), R 23 4 (2016) J5 K ZFRAUAN 8%, & /KEHLE 7%, WK 9 4F 5 5t se 4k
TRHF T

®3 ER—2 BALNTFETLESERSKENRFRNTL

Table 3 Changes of water content and germination percentage in different years of ‘Wanza 1’ seeds during the storage

yosiil r7K/% Water content K3 /% Germination percentage
Treatment 2002 2008 2013 2016 “F35 Average 2002 2008 2013 2016
1 1.69 1.65 1.60 — 1.65 96 95 96 —

2 2.13 2.24 2.33 2.32 2.26 96 96 96 96

3 2.61 2.66 2.62 3.09 2.75 95 93 91 92

4 4.17 4.12 4.14 4.03 4.12 93 89 88 89

5 5.12 5.25 5.25 5.31 5.22 85 74 68 33

6 5.66 5.63 5.61 543 5.58 74 45 24 8

7 7.61 7.63 7.47 7.12 7.46 0 0 0 0

3 Wik

RIS R R, AT Brk—5" M FUR 2 57 R ERIERE A 23 )5,
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K ERIRMTEE N, PR mEmR R, A fEd, MrRERNEKSH 5 KE
HEYIRA, S/KEME, MMESERAENL . Eills % (1985, 1988, 1990) HIWFREY, £
VEVI 1B TR I B A 5 K N 2% ~ 6%, X LI AR P 8 BN 9.9% ~ 11.5%, BEEFhF&
IKEPFE— PR, WG IR N, XoTReE T80 AW R SR LA R e g S 40 n el
LEYIMR . ARG PRI, EETEIE, fk—9 MEESKERN 1.60%~4.17%, ‘FiX
257 N223%.

T~ 7K BRI 3R B e s Rl i KA I R BN . AVGRIS A A7 S A 148 bt
M, SRR, HPEFE 6—9 A ANER SRR, SRFIE A 2AF o (HA TR &I
76 SR 75 7K AR B — 72 H 3 Bl IR, i R T B S B 5 e el o T 5 14 AN R 2 i) e 8% 15 LAY
Bral sk, P EK =R F e KErE SRR,

Bl T AR T 157, WA 25748 PRl G Bl A AR B AR A OB AR A . R BRI
R, RS2 E A AR B A AR 1 S AR FE AR 2 — (Basavarajappa et al., 1991), FfHo ik
— B E| R R G s UL AL, PR B R R SR EYR (PR 5, 2007). ki
YR AR B TR (] () A, T R B R, (@ TR N S S R B R TR (S
A=A G, 2003) . TR FESRIIPTEMRE )15 KA B S AR R VI, B
2 (2009) RILEA T EGE T K Fh7 FIF A B S A S AL EE (SODD. I s (POD)
it EAERG (CAT) 3R T BEIREE /N TR TR A58, 2T i1 i IV POD
TR ATE T A B R TR, JEH POD WM R HFREREIEML, KEREMHFIL POD
TP R (ARG R R, T 23 R, BEgk—5 A1 ‘Fi2 5 MR SOD v
HRFRFRIBAMR, KFER LT, SOD iEHRIMEME, X5EHARSE (2002) 787 A4
25 (2002) fEAEAE EABIAREG 45 R — 8. SOD 1 i 1t 207 b S i R rh 5 — AN R 454 FH 7L
FAGHE, At AR POE A HoO, 14 T4 (MceCord & Fridovich, 1969), X A[fES
P F AR Z AT AR R AR TE IR A P A N A E R B, SRR a3, SOD R
SN RSN O (HAARIG S R AKE, 5 SOD R KHI R —ANI87T POD 5 AR (b 31 5 k% 2F
R ICR EE EAS, SOD ™4 1) Hy0, X WU A F 103E M S8 s ZEARIE J1 -+ WA AR 0
AT CATE R, X 7 T A B R R R A AL v R TP A

Fh W A, kA o3 CE PRI FH R B KA D T B A LA A FA S R0, FRis ik RISk,
NIRAE K B G T AR 0 75 178 R FUFRE R (Aoki et al., 2006). T7EFRNTHKYIEER, Ko
TS TR B R, TN R R ZE R I, TEHIROK 6 ~ 9 h Y, EREBE K EZ A (L
A%, 1995), [AFRE, Bt GEE AR (3~9h) SHSMRBIM S AEY——RERE . b, Fikr
WX GEERSBERE T EEHNE (REE, 2014). EHNTER FE0 R B 2 4, 32852 F b
SR NBRIEAIRE . ARIGEE R, VTR ISR & & S5 M R FRBUEAR, FF I
REME S B, WEAR SRS 5 S B 56 iR I

ARG K BRI T, D RIFEIE 9 45 15 45, 20 4540 23 FEH TR FE KEME R
SRR, E— R B R DL i 8 JTOM - 75 8 T e A ARV D AR ia %, 1E E P IOM T
KBTI B AR S KR PTREN 2.0% ~ 4.0%. {H 2 LI R kA BR DA S XoF 3545 42 5 1) 5 M e
AR — PR A
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