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Dehydration tolerance and storage characteristics of seeds of the rare

and endangered plant Garcinia paucinervis
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(1.Guangxi Institute of Botany, Guangxi Zhuangzu Autonomous Region and the Chinese Academy of Sciences, Guilin 541006,
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Abstract: In order to study the dehydration sensitivity and storage characteristics of G. paucinervis, the germination of seeds with
different dehydration extents and the water absorption after rehydration, the change of physiological indices of resistance as well as
the seed germination under different storage methods were measured. The results showed that the initial moisture content of G.
paucinervis seeds was 45.29%. The dehydration rate was up to 45% when placed after 35d at room temperature. When the
dehydration rate was less than 18%, GP and the water absorption rate after rewatering were not significantly different from those of
fresh seeds. Further more, when the dehydration rate exceeded 18%, GP and the water absorption rate after rewatering were
significantly decreased, and GP was 0 at dehydration rate 42%. The critical moisture content of seeds was 27.29%, and the lethal
moisture content of 50% was 12.72%. The relative conductivity, the contents of soluble sugar and proline rose gradually with the
deepening of seed dehydration. The content of malondialdehyde (MDA) changed little when the dehydration rate was less than 24%,
and increased significantly when exceeding 24%. Both activities of superoxide dismutase (SOD) and peroxidase (POD) showed a
trend of fluctuation and peaked at dehydration rate 18%. Seeds with desiccation storage for 1 month at room temperature, and seeds
with storage in damp sand at -1 °C and -20 °C for 1 month all could not germinate. GP of seeds with water immersion for 1 month
dropped significantly. Germination processes of seeds with storage in damp sand for 1 month, 3 months or 6 months at 4°C were
delayed, but there was no significant effect on GP. It indicated that when the dehydration rate of G. paucinervis was less than 18%,

seeds could regulate resistance to maintain normal metabolism of cells. The seeds can endure a certain degree of dehydration and low
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temperature, which belong to minimally recalcitrant seeds. When the dehydration rate exceeded 18%, the metabolism of seeds was
unbalanced, and then deteriorated until death. Storage in damp sand at 4°C (moisture content 7.5%) is a good method for short-term
storage of G. paucinervis seeds. This study provides a theoretical basis for better conservation and utilization of G. paucinervis, a
rare and endangered species,
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T FRAE YR B R X A A R IR AR AT . 5 AP SO M AR B S E B (Costa et al, 2018; Wyse et
al,2017) . Roberts (1973) HRIZFI T HIN 54T AN Fh 520 A4 (recalcitrant) Ff+ 5 IEH % (orthodox)
Pl o THUR P75 B0 25 BERR I 22 0 GBI K S /K I8 =1k 30%~60%, 5 K FIR IR U, T
BB EIKEN 15%~20%0 K2 AT, 78 % iiE A NI R A BOREEH, ARG IE R A1
—REREAT TR BRIE 5 (Berjak & Pammenter, 2001) o [Rlit, J#PER TR RS A 2 E 3, FHRIE
HEKEETIRAE/KE (critical moisture content, CMC) o It4b, Ellis & (1990) #E4F 1E 5 M AHi#)
P B R 58 O (intermediate) F1, HAE S K E RS 7%~ 12%0 220055, 7= a1 Fh
T HIEYE IR T AT, WEZFR IR UK (Hong & Eliis, 1996)

Wyse Al Dickie (2017) HIF 783 B2 8% i~ I gURk, DA M0V A0t I3 T il i b o A 4
T K BB A v o TR M I ARG R v ) R 1 2 R TR T i S A A 5 U 454 5 D e
R, PUAMIRT KRGS TR E BRI R, S48 X5l (Greggains et al, 2001; Varghese et al,
20110 o AERAEADALAE NS P Ay 1 M (R AE A A A 38 1 — i S DAL A8 P o 18 i 7K R P B A iR
—H AW TR . Pelissari 55 (2018) XF LG 1) 66 AN Fjof 5 it 7K i 12 A BHF 575 2 BH i 48 P i 7 T 28 1)
PRAS AT NI FIIR AL . Fh RN R 2 &K B E T BIEE NI EY) Garcinia gummi-gutta B 15 K 2212,
(E 2 KA T 34%M A %R T F%, T—10 8% 5 °C T 2 A H BISE 20, NI IRBR w4 YL+,
HARZ AR T 15°CR K 18 N HATH 90% 1 K % (Joshi et al, 2017) o Bt4h, 8 HALEY)
W G. indica~ G. xanthochymus 55 (Malik, 2005) 101t B A R AKBUZAE o T 5skmit 4 P4 b 1 i D01 S A
TR AR S N B AR BT T 4E R B K EANG T, P IEMAEYR F (Berjak & Pammenter, 2007) o A7 H
- (Butia capitata) M{1ERVRIRES T IRAE 5 K E35 71, (A B H IR AT OR A7 T EHIKIR AT (Dias et al,
2015) .

4222 (Garcinia paucinervis Chun et How) ZEEFE} (Guttiferae) BEIEJE (Garcinia) W2TAK, J&
B K 2 SR Y ARG JONAE Y (Farm et al, 2003) , W LRSS B 5 WF, 040 T 761t
P DU B AN 2 R AR P IR 194~830m (A VA IR GBRIRZS, 20170, REMTME. LS E. Z5H
PHERZ TN E N — R PIE R Ff (Zhang et al, 2015a) - HET, ZPFHE AR A0 S AR B8, K
WK RE 45 SRR 2D, AR B R M (BRARASEE, 2017) o JTEER, WE Mt 50 A6 35 () B AL E 1 ) 5 W
WriFpth X 22 F kR . 2 E XL R AEREEM P, Hair b N TS, HEEACTHAT
FHHARIE . WEAEF AT ORI, S A DL s, HRh T BRI CIRIRZNEE, 2018) , fEi@
KAEAER 1 AN AT, A2k, Fhrlemkm @+, HEAREERRZR. Fik, %X
T I I 4 22 2P A [ I KRR FE R R A 4 S B K S RO 28 L K AR R e AR BR AR AR AL . A
[FE A =R AT I A AR I LA T, PR LB K BBV RE R R B 22 el i, RE 2 2R G FI AR
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[l SaG = HEIX 10d 724y, PEdedi i e R A B ph 1, B3R K 7 LA H
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1.2.1 Fh 7 FEARRAE S B oK 2

KA B RLEN A T-TRE, FEHLIHE S0 R F T, WS —4E R, DL TTC ¥ B il (1)
AT CRIAREE, 2005) o FEHLEL 3 BOFr &R, VIR Imm #, 105+2°CHE 17h J5, DA E ARl



HAT&/KE (ISTA, 1999) , 5KEH.
1.2.2 B RHR B K A 21

BT oMok B E R EE W, BERDSE = Nl AL (26~31°C, 72~82% RHD HAMIK, &
WIFREE B W2, TFERKR: KKE%)=(WI1-W2)/ W1x100%, #%HIFhTHIRKEE 6% 12%. 18%.
24%- 30%- 36%AM1 42%3 7 NEIKEME (RRVF 0.3% AN IR ZE) o Bl git (RIPIMGE&/KE) Fir
RIS E K R (R 1 R A R AT T-80°CUKAR N, F T A BRFR AR 5
1.2.3 iK1 82 K 5 WK 3R [ 5

PLHTEE RN T R IR, B AR 6% 12%- 18%- 24%. 36%H1 42% 1Rt TR T 2% 18K, BT 25°C
TERIEFRAE R BAR R KRR, & 1 dFRE | JOFK, UMFIRKA AR e R HE & W3, 60T
JRE B W1 THHEBUKFFRIOKE: KE %) = [(W3—W1)/ W1] x100%, &EE 3K, FHFiHE6K
Tofs B ot~ I KA B VRN BT 75 BRI RS T) CATR TR RRIROK FE R B )

1.2.4 AP 787 &5 5 8 R ZH00 i &

F1.2.2 W 7 AN E R KRR B A 5 DB S b DR BEGEEAT W 50 . FE R AT A T4 0.1% 1) KoMnOy
EWOHEE 30 min, JE/KPET. WA ERNAE RN 1000 ml.  (172x117x70) mm [FEEELE, L4 om BZ
HEENYD FET, FEFEREEN L om, REARE 2 &, W& 10 K, 3 REE, JRANWEN 25°C. AN
JGHE (3000 Ix, 12 h/d) ) LRH-250-G YGHEREFRA, 1E AR INZ8 7K CrB BT « 97 BRI 4484,
PAZETI Vb Rl 0 R b, WIEREIEE | RLEg R IR 75, & 7d Gtk 1 IR R A T4 ARAE 78
RGO E UL N febr: B KR (germination time lag, GTL) . Hf/&K* (germination percentage, GP) I
P18 & Bf[A] (mean germination time, MGT) , 1HHEJ71EA:

GTL(d): BUEFRJEBIASTE], $8 MEARRIGTF AR 256 1 Wb T 4f 8 & B F B[] o

GP(%) = Wi R T EUHEF 7 250x100%.

MGT = Y (tx<ni)/Y i, N 6 AFEFIZ HIFIERIEE 1 R, n NFEME 5 1 REA R AT 2 (Liu et al., 2005)
1.2.5 WP -1 PP AR B AR A (1000 52

HURIKZN 6% 12% 18%- 24%- 36% 1 42%HIFh 1, FES IR 2B . DA EERP 7 AT I, SR
FH B S A2 5 Bt /K R 7 IR AT AR L AT B 525 (Chai et al, 2018) 3 RARIEIIME (NBT) EM A& AIA
Py 3 9 e FLEE E AL P AL B (superoxide Dismutase, SOD) Flid AL ¥IEE (peroxidase, POD) Jif{4:;
KA ZER (TBA) %, R b (R RS R KA B2 43 )l € o T8 % (malondialdehyde, MDA) .
AEVERERI R R & (FE45%, 20000 , &HE 3 K.

1.2.6 Fh7 i 5

PR e 42 DUR 8 MOE#H T . (D) R 1 M (2) 49°CH 1 N H: PP AN
AARORAFE T 4°CUKFH; (3D KRG 1 AN H: M1 E TR, mzEmKEEMT, BT 25°CHFRM
W, RERIRK TR (4) -20°CIE5 CEM557KEL 7.5% My AR 1. 3185, TRD 14H;
(5) -1°CHEIE 1 N A (6) 4°CIEIE 1 AN A (7) 4°CIEME 3 N (8) 4°CIRiK 6 N H o B Fh 73
Ja1Z IR 1.2.4 #HATH RS, I K E N 350 d.

1.3 5 E 4 7 by

F Microsoft Excel 2010 4t i+%i# F/E#, KM SPSS19.0 #H4T HL[K & /5 240 #1, Duncan 5 HET #¥E 2
SR R R R AT PR R IEZ 4, iz 07 25500 o SiHELCF I EbrE R (Mean = SE) %
7Ro Ll SigmaPlot 11.0 B4 K.

2 SR E550M
2.1 SLZFhF RN K EIKE

S BFTIERTEINY, MEETHRIAZH, A55RASE. MFK (30.80+2.14) mm, EHE
(15.39£0.96) mm, THiHE (438 1.75£77.53) go BRI T HIHIUE S K EN 45.29%+0.72%, FiF1E3E /1A
95.56%+1.92%.
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Fig.1 Changes of dehydration rate of G. paucinervis seeds at room temperature

2.3 AN KRR L5~ K AR KA 1L

B ZER T KR o 218, IR T IROK AN (B 2008 24 d, WROKFRN 14.55% . Z R0 RKH
T 18%In}, AR K 3 K R K AR 8] 5558 e Fh AR B 22 S AN R 3% o B Rl 1 KRR FE RInIR, L
AN 7K 8 W K PN TR IZ T B AR, SRR RO 42% Rl 1 2K 40 12 d RE R ATIRES, I ARk

-6.69%, FIHKRKE 2%HFFE/KE EREAREHEERFEE (FH2) .
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Fig.2 Effects of dehydration on water absorption after rewatering of G. paucinervis seeds

2.4 K AL ER XS b8 R I R
RIKZN 42% M & 2 P TR ZEN 0. HARZ B KFRER M T RS 5H R SH K 3 FE 1,

KRR PP T T B SERE . FRIKER 36%HIF 18 K A6 2R T HAWBKFRE M 7. W3R 1 Fos, KAk
PR Rl GTL & Fl 7 i ZAORE B (8 I i 32 2 Ko BT EE A T-10 GP N 93.33%, 4 Fh T /K RIKT 18%
i, GP & HBEL; KK 18%K, GP NFEAEUR, S5 Z ik B2 KT AFh7 WK il

FHKE (CMC) "B A 715 71 K8 T % (Probert & Brierley, 1989; Pammenter et al, 1998) , DL Ff 1
EIKE 45.29%1t, TS 2Z2R T CMC N 27.29%. 4T KHE N 36%0, H GP UK 21.67%. i
PS5 R ) () S B KRR B TR IR 23 B AR AL, ZRKE 12%B MGT CLE 3 SEK & 242.88d, 7ER/KE N
18%~24% I 5% Mo B 2 1 7 57, (HRIKZ N 36% M) MGT XOKIEEK 2 337.33d.
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Fig.3 Germination processes of G. paucinervis seeds under different dehydration extents
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Table 1 Germination parameters of G. paucinervis seeds under different dehydration extents
R GTL/d HiRZE GP/% SR R R MGT/d

27K# Dehydration rate/%

CK 37.67+2.40e 93.33+3.33a 193.66+16.87¢
6 55.33+1.76d 90.00+5.00ab 236.54+13.25b
12 63.33+13.35d 93.33+1.67a 242.88+21.40b
18 65.33+6.17cd 86.67+3.33ab 209.79+6.19bc
24 84.33+5.67¢ 78.33+4.41bc 207.39+5.19bc
30 129.67+7.88b 68.33+4.41c 234.61+£6.92b
36 269.33+23.36a 21.67+4.41d 337.33+7.31a

E: ERAR/NG FRERORA B R ZE R R (P<0.05) o FE.

Note: Different lowercases indicate significant difference among treatments (P<<0.05). The same below.
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Fig.4 The relationship between dehydration rate and germination rate of seeds

7 R AR B RN T8 AR — 20 B & K BN EFE & 7K & (lethal moisture content of 50%,
LMC50) » (faf I HIRIA IR, 2003) o LAHTEE R K 2 &K & 73508 93.33%H1 45.29%1t, & 4 7]



M4 22 Z5Fh T 11 LMCS50 N 12.72%. FHE 1 ar%1, =W EATEZ 19d B BIRT 1800 &K E.
2.5 PP MoK IS AR B AR EE SR bR 1) 4k

BT I <5 22 2 M1 K 22 97K 3 42% 0, AN LS 3R i 52.03% B 2k T4 98.24%.  HUBT i -1 ik
BRIKEK 18%M, IAEFLA &' LT T 34.43%, ZFARE; mEFHKKE 18% LT E 42%
i, MDA &&EWERS T 187.92% (H 5A) .

b & A7 K FEEE 938,  SOD 1 POD & 435 =k sh kB % (B 5B) o RIKF N 18%HF SOD
5 POD & B MK IS FE M B il s AR TRk RIS 24%B), SOD 5 POD JE 14 B35 T [ RKZFIiL
2%, JEMERA BRI

& 22 ZE PP (R O] VRS B B AR RO T 6% I REFT AR, 5 R HL EFHES, KRKFER 42%H0n]
VR S R EERN T 10 3.03 fif . BEE AT IOKFEEE G, MR & & 25D FAHEHE, KKEN 42%
I 2 R 7 B LT e R B 1 7.10 £ (B 50) .
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Note: A. Influence on relative conductivity and MDA content; B. Influence on SOD and POD activity; C. Influence on soluble sugar

and proline content.
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Fig.5 Effects of dehydration on physiological indices of resistance of G. paucinervis seeds
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vE: DS 4°CTFE 1 AN WIL. KIEIEE 1N H; SHI, SH3, SH6. 4°Cigvbik 1 M H . 3 MHE 6 MH . FA.
Note: DS1. Desiccation storage for 1 month at 4°C; WI1. Water immersion storage for 1 month; SH1, SH3, SH6. Storage in moist

sand for 1 month, 3 months or 6 months at 4°C. The same below.
6 AR T T S22 201 I K el

Fig.6 Germination processes of G. paucinervis seeds with different storage methods
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Table 2 Germination parameters of G. paucinervis seeds after different storage conditions

4b3E Treament Y R GTL/ i RZE GP/% SP5JHA A ] MGT/d
CK 37.67+2.40b 85.00+2.89% 193.66+16.87b
DS1 89.00+25.01a 76.67+6.01a 216.07+5.73ab
WI1 50.00+7.00ab 31.67+4.41b 202.47+12.57b
SH1 53.33+5.17ab 90.00+5.77a 248.77+10.24a
SH3 72.00+21.39ab 90.00+2.89a 243.64+15.04a
SH6 72.33+11.57ab 83.33+3.33a 252.57+10.55a

3 i Hiie

e KM E B E/KES, BA BRI R FRHE. ER T RKERACT 18%MF, A
WK 22 WK MR (8] 558 P 1 22 e A B2, SRR IS 18%IN, PN R PRI SR R, RKER 42%
Pl ¥ 5K G R EARIM 1 JEE . TR MUK B KRS, Al i@ kAR RS 78 K I 5 246 44
50, BFhLE S KRS, G588 AR SRR AE T AN AT B 2o, TRk RS S SO%oK & R
IS, Fh- 3B K35

G 22 R AE R IR AR T 18%M) GP T 142, RIKZFHIL 18%/5 GP Tl T, i B BE 1 i A%
Fh 7 AR AN R, HL s B I 7K U 5 2 BRI L 1 A 6 o A MR A 3R B 4 22 5 7 R K e i e R 2 AR
FZEHAER (P<0.01) , Ui iKUK . FUICERRAES, BORHRIKRACT 18%, B Z= = il XS E
AN 8 d RN F. &AM FEK, H GTL BEERM TI/KFEE K IR EK, wlfe2 BT K
JE AT AE A ST B ] . MGT Bl KRR B2 B R 2 0 sh PR a3, TP G AE i 14 () 1L
A} (Ardisia punctata) Fh¥ L HE R HIIFIZE, 2013) o & 242507 K ELE 18%~24%F MGT 53T
P72 RAK, FTRESIZE/KEVGEIN G 1R NI & 2 Ot Sl 7S 1A k.

FHX L35 A1 MDA 5 88 R BT R 7 52 H R E (Chen et al, 2016) » MDA SR % fL
2= 1), Ng U b 240 T R 4, 38 RE I, i R 5L, H MDA 23 FH 410, F£K SOD.
POD %P8 IR B IOTEYE, (8 H R M IR K A8 (Maetal, 2015) , X @M1 58 M) 3 EH
Al 3 PE% (reactive oxygen species, ROS) feMI# 5 g 4k, 1737 8 H B DNA (Farooq et al, 2009) ,
Fh-FAE IR ACH 3252 N 2 B ROS, H A1 MK 5 AT AW RG A K. 222 M T 1ER K]
W, Bk EEALRIOEOE, TR RN, SOD. POD 44 i )i 14 72 B 1~ it Al #5 rh oz 8 1 o
DLIF B AW 7= 22 1) ROS,  4E 3740 B s R F20E 1 A 52 28 % (Zhang et al, 2015b) ,  Fr EUME T HL F: #6 A1 MDA
FIRE NI NG s 2P TR IR IE 18%~36%0T, MDA & & [R5 B3 B AR i AL Bl MDA 1 ROS
S FYFAR R MM REFEAREINGE, EBH TMTII Z Ve, B SOD A POD S 1) 3 PR IR I,
AEEAAER ROS (Tang, 2012) , fEEEE A MRBLE S K. AN SWHNE, RIS B S 20 2R
B0, T 10 95728 I R T ST i o 4 22 2P AE R IK AR T 36% 0T, HAHXTHL 3, MDA SOD #1 POD4
MNP ST =8 (Panax notoginseng) FIARZE (Castanea mollissima) T IR A 84 35
—BU BRIk, 2014; SEHEAE, 20060 o {H2FR TR AL 36%0, POD B2 1 ROS K™, X4
W= AR, BUR S 51 R RV B Ho00 IRV (iU AN SR A, 2001) , Ik &2 fh 7 15742,
i N MR T AE TS, X RS AE- L (desculus chinensis) Fh—F 1B /K G BIHA EBL (BRIELEZY, 2006) .



1M 7K J5 5 SOD Fh e (1) S R i 75 33— 200 78 . IV PEREBE S LEA 8 R RCE &P R 4 B A B, i
AN eRa e 2N AR R AE R IR (245, 2000) o IXPIRNEE TR AT 3B POD. SOD i
BRAUMAR Y Z R A 2, R e i®. S0 FaE KRR RGN, vl e &=
HE& EA, RREFAFKSIES, HRFgisE T, WHEREA —eMsERu6l. 46 kot
AR, 2R TAERKRIKT 18%I, iR R E K G MK SN S8R 72 f R B2, Fyal@
BT RN B IE F AR R 18%I), AR i R AE S A H BT,

FRTI 1 ANHE-1°C, 20°CiRE 1 NH WS LB FAR K, 4°CTE Na L bEMTTE, Ui
HAE T, X 0°CLA MKIRBUR . FHFFEKES, BB TIRT 0°CHIE S T RAM ALK, ¥
RIS A5 SR IS 2R e 5 R 95 A8 o AR T 15°C A R P T K 2 B0 A 7ok R ELAr 1 (Bedi & Basra,
1993) , # G. gummi-gutta Fh-¥ (Joshi et al, 2017) . T4 £Z5Fh 7RI 7E 4°CiRiE 6 N H, BRI GTL AN
MGT AT, (Hi% GP AR K, 18 4°CIBYD AR 707 s R v 8 RS, ISR ik,
2 R A e 4 22 2 P11 R U 7% . ZKIR I T BE H T30 20 P SR AR B AR Y B IR I 3 3 GP UG

AR ot ) 58 7 TS R R S 1 1 22 5, K gy PE b 20 D v B o BE R g P 3 A2 A (Nituli
etal, 2015) o iR 5 G X P P A AR B, S B K AR IR B8 77 258 (Pammenter & Berjak,
20000 o ez A TR ARG IS IE Y, oM Re A2 — E R BE TR MK AN 0°C LA E IR,
H CMC 4 27.29%, LMC50 N 12.72%, KT 0°CIIFrF-FET:, Homigh e fe AR T T b 34y (1) 5] JE a4
=W (G. cowa, Fh-FHIUEEKEN 50.1%, CMC K 39%, 4°CI75E 1 N HIJFET:, Liuetal, 2005) , 51K
P IR EE (Castanea mollissima) Fh-T43x (HAR T8 od IR F i KK 100%, T 15d B K FEN
53.5%, BT 0~2°CH & -4°C gk, Mg H RAK, 2004; T 504855, 1999) , & T H [a) P 1y M oA =2
(Magnolia sargentiana) # (CMC F1 LMC50 7358 15.3%. 5.3~7.1%, FE%Z%,2014) . Hitk, &%
b7 & TR B (R P b7 . M4 Baskin A1 Baskin (2005) SHRERFD T HIE X, REALFR )42 2 Fh 18
KIAFNIS A 4 A, AP AAAERIR. T s SKE, mig kR K2 AR, Be) Oy TR IR R al
a4 (Tweddle, 2003) o HUTHER, Ffi B2 SCHRFR E FE L8 mish {4 Fh 1 B RERFEPE (Jayasuriya et al, 2012;
Joshietal, 2017) , ARHFFR LG & I A

AN T REPE AR AR B A ACE AR R, VR0 P I HE S v CREFFR T 1) &K &, A ZRIIAXR
BONFFAIE T RAR ISR Al El T A AR LR TR, P (R B % 4 s ffi 2
IR ERNT 2 MRS AT 1. R R0 NS 25X — 2 5t IR R G SR H 29 2 al, 1
G 22 25 5T A A ORAF 1T 75 FH B AR IR (PRI IR ARV, 75 5 SRR T
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