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Physiological and Biochemical Characteristics of Pre-chilling Punica

granatum Seed Germination and Its Seedling under Salt Stress

WU Chong, YIN Yanlei® ., TAO Jihan, YANG Xuemei, FENG Lijuan
(Shandong Institute of Pomology, Tai’an,Shandong 271000, China)

Abstract : The seedling growth, cell protective enzyme activities,soluble sugar and candied acid contents and
conductivity changes of ‘ Yichengqingpidazi’ seeds treated with pre-chilling(2—4 °C) for different days(5,
10 and 15 d) under different salinity gradient(0,0.1%,0.2%,0.3%,0.4%,0.5% and 0. 6%) were studied
in order to clarify the effects of pre-chilling Punica granatum on seed germination and seedling physiologi-
cal and biochemical characteristics. The results showed that:(1)Low temperature pretreatment and low sa-
linity stress can increase the pomegranate seed germination rate and germination potential,low temperature
processing 5 d and 0. 1% salt environment conducive to the growth of secedlings. (2)Low temperature pro-
cessing(5 d) can significantly increase the protective enzyme (SOD, POD,CAT) activities of pomegranate

seedlings, prolonged cold treatment(15 d) reduced the protective enzyme activities of seedlings;Pomegran-
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ate seedlings were occurred in salt damage when the salt concentration is higher than the 0. 3 percent be-
yond the protective enzyme system adjustment range. (3) Seedlings decreased contents of soluble protein
and proline under 5 d and 10 d pre-chilling. With salt concentration increasing, soluble protein and proline
contents were gradually increased. (4)5 d and 10 d pre-chilling can improve the pomegranate seedling mem-
brane permeability,relative conductivity also increased significantly with increasing salt concentration. The
study indicated that in low-salt environment 2—4 “C pre-chilling Pomegranate seedling could adjust growth
enhance seedling osmotic adjustment ability to ensure normal growth of the plants needed water,while in-
creasing the contents of soluble protein and proline to ensure their own protection seedling synthase, main-
tain normal metabolic activity of cells. In addition, by reducing the cell membrane lipid peroxidation to en-
sure the integrity of the cell membrane to improve its ability to adapt to adversity, thus effectively preven-
ting membrane lipid peroxidation damage to plants,it showed strong salt resistance.

Key words: Punica granatum ;pre-chilling treatment;salt resistance;seed germination;physiological charac-

teristics

ER AL XK R 2D S T L AR A AR
A N ES IV NN R R S (| R
AT ke e i R TS 66 A %) T 5 R A L T R L A R
R T R AE 0 0 0 R P LA R T 3 A R o b 5
W™ . A (Punica granatum 1.) J& 41 ¥R+ (Pu-
nicaceae) {1 ¥4 J& (Punica L.OAEY) . FR 52 B HL 40
T L AT A U B AN BT SR T L A6 B A AR e A0
P A SRR AT AL SRR BN E S AR g
HRE T — B AL R

A AR T U R IR b R AN T A i SR R
— AITEE R 0. 30 A A I EEFAKY . H
A AT AR T 58 AR P e A B T RS2 A
G343 BT R TE UL A Ty T T E A R
T HAT T TAR AR w5 o AR 4k 38 AT AR & 1
PUEL AE ) O 7E BLA R ) Th A5 B £ 05 T 4 IE S
T AE AR A ) o 5~ J7 T8 8 AH SC B 2 AR 2 H ik %
A G TIGR T Ak R A i R B O A R
PRI » A 306 LA L 2R S 5B A AR o i © B 3 R B
BH A5~ b RE WE ST T AR T4k A AR b A A
R BB A RE TS R S R L DI A
Xof FL S 238 S R 0] REALE B2 SR A AR R R Bt
ERAUER, DU O Az 7 s e 4R A PSR 0

1 R

1.1 R

BB R R 2013 4E 9 I TE L AR 48 08 I R
RN IREIRORE KA AR, T 2014 4 1 T B 2R
SN T A T . R TR
# 28.53 g,
1.2 RIG A8

1.2.1 {RiEFALE 2014 455 H 22 H IR AT

RAERE ., BT H 3 2RSS MU, &5 25 CH
FRENHATMEZE . MEZFI B R TE K b A O]
UEFP B A BT 55 7K 430 2 A S5 o 35 SBORE L 6 6 Ay el
F 2 000 A0k —4, 1800 Kiik I, 200 Hi ff FH , 2 4
41, A 0.5% HgClL X Fh-F £ 1H % 10 min, ZJ5
FHVE KBS vk 5 . B Rl il A B o5 0 2 A Y
15 em FEFRIL BT 2~4 CARIE T 40 40 3 0Ok
IR HALFE L, CK,) 5,10 F1 15 d J§ I F NaCl Jihif
AP,
1.2.2 NaCl#HaE KBKHE 0.1%.0.2%,
0.3%.0.4%.0.5%H1 0.6 %% 6 Fhif B NaCl ¥ W
SR, LG K AR R R (CK,) W3 IR EH A EHE 100
ki, EEHMA IS em B3I E 2 B4 b &
AH L ¥ FE NaCl ¥ W= 18 B A [ 40 1) 4 4 A
RESTRROL R BRI R 25 °C . fE N TR SRR
Wy % 25 d J5 HURE DU 5@ AH DG FE A o
1.3 WEHLRREFE
1.3.1 RFeeAiER = HOERF 7R
R AT R 2R R T
KR =T F K ZFHU/ R 7 £0< 100 %
RZER ) =K FNEY H R F R E /TR
B/ LR T2 100 %
1.3.2 #HEESiER LAFRRESEE . a4
PR3 WHE S 3 BIBEPLRIIR 10 AR DI 4
AR .
1.3.3 YEREUBEEENSEATYREE
HA5 A 3R 58 4 e F M s 57 BT JRD S 0 & R AT
ALY B AL B (SOD) | i F AL ¥ g (POD) | 3 & Ak
M (CAT M DL S 20 B A0l PR 2 i =Y
W€ . SOD & 1 /9 I 5 >k ] NBT 48 Ak 3 it 325 5
POD 3 P4 190 7 >R @RI By v DL E 46 A5 1 0 5



13 T}

s 2R 0 X AR TUAL B A b T R S 4y A P AR ALY R T 163

U7 23 2 BECRE  A B0 A Ak S 56 D BRI B RO,
CAT T P I 22 =R T 58 AW Wi ik 5 i 2 B2 2 4k 1 i 7
FHER =W s PE S A& = e % Sl i G-
250 Je o s B S OB Y A B B0 48 90 . A
FebR e ¥R 3 R A R iR T M.
1.3.4 APEENE  RAD M BANE R S
Y FRE 0.3 g REFFNF L PR T A 10 mL
LB FK. ARG G E 24 ho R 1] DDS211 Al
S A R A R WIE L kK IA 10 min ¥ 4]
FE I AR LAE L, A S L5 IR
HE

FHXT LS 23R (L) = (L, — 281K §: %) / (L, —
FEAR K HL 5 28) X100 %6
1.4 #HiELIE

FIJH Excel 2007 355 4 48 b5 (9 7 X {8, IF 23 1l
K2, R SAS Gt 8 i) ANOVA 5 25 % il
R #5147 J7 22 55 B JH Duncan ¥ 347 2 8
(LSD)™,

2 ZER 55

2.1 RiETAAEXERE TAEMFIEELZNE M

12 1 AT, B 25 30 e B Ty o 45 (KR A 2 A
FERN T 11 K 25 300 & 2R3 R B B T = ) BRI )
R IAE 0. 1Y 3Rk E Tk Bl . 75 0. 1204k
W o AR 70T LLOE B0 & BRAGIR AL BE 5 d 1)
R EIHR 2F F G 0 IR (CK,) AH T 4h » w4k 3 2y
BERT CKo s fE 0. 2% W E T A M Fh 7 & 25 %
PRAGIRALFE 5 d SR 3 8 F LT CK, L i & 435
XA (CK,) 22 AR 8 35 s (0 Y 3R W B = F 0. 32601,
2 ER a0 A Y K 2E R AR E R B E LT CK, . 1

FH )V B2 6 38 5 25 AR I 79040 B8 A1 A D 7 19 & 2F
SRR ZF Bl i A A 3 ) A K SE T IS R O 3 1 A
S d IR, (RIRALFE S d i, 4R 0BT
Tl & 238 0 K 2F #4181 T A L oA IR i AL 3 % R
(CK) 3 RIRFALFE 10 d mf, $h vk AR T 0. 4 %04k B
& 2B MR ZF 3l T A B CKy L AR 3K T4
T T B AH A A 38 i 2 KT 5 IR AL B 15 d B, A%
b A1 K 2 AR AR T AR R CK L 2 3 vk AR T
0. 3V WP T R ZEHABAL T CK, o v UL IR AL 22 5
10 d Al G 35 52 = A RRD R 2E R R L OF
fRIRALFE 5 d 5CHR 84T, K I ] A0 et Ak 2800 41 o) T
P & s GO AP 7 0T AR SR W AR T 0. 200 & 1
TIEHR W& 2 ERRBE & T 0. 200 i R 2 B
LB 3 W B T v 4 o 4 T8 s A A e i
AR AL FE (5 D FIARER W aa (0. 120 4544 T 1y
R 7 P B — I I I A BT R
2.2 REMAEXNEMETABSEELSHEMD
F2 BN ARETRALTE 5 d B, 484 IEA
Rl B 4 2 R T B AR B (P <C0. 05) 5 ik ik 7
AR 10 d 110 40 B AR IR Bl B RS N T CK iR
AL 15 d B, &y A K A B N T
CKy o 7 [r] h v B2 Ak 31 Fh 5 X% &) 15 IR AL 0 4l AR
SO 25 5 3 (P<<0. 05) . Hob 4l IR AR L IRl
JETEER Ve BE R 0. 126 i i 3 K F X B CK. L 72V 8
0.2 76 BE RS /N F B CK 5 115 24 5 F 0. 3 %0 I i 2%
AINFXTER CK, o 55 8k B 81 & B B 1 02 407
B MR IEE LU AR R /N S o i %) B AR AR AR R LK
g, R g . R 2 R RUMTEALRE 5 d,
0. 126 AR ER W B2 B 1 48 4 AR el BE 0 O, &0 i feke
He o BT UL AR I A BRI R T 38 X A R 4 A KA

F1 REFAENHEMETHRBERFLEFZM

Table 1 Effect of pre-chilling treatment on germination of black Punica granatum seeds under salt stress
fob AV JEL b 388 i (i) EhAh PV B Salt treatment concentration/ %
o dj;( Pre-chilling
time/d 0(CK3) 0.1 0.2 0.3 0.4 0.5 0.6
0(CK1) 63.3+5.3Cab 72.7+6.1Aa 59.345. 7Bb 45,043, 4Ac 23.0+3.4Ad 4.741.2ABe 2.040. 8Af
KR 5 83.3+6.4Aa 81.0+6.8Aa 76.0+6.4Aa 55.744.7Ab 28.34+3.2Ac 8.04+1.7Ad 5.0+1.4Ad
Germination
rate/ % 10 74.34£5. 8Bab 79.0£5.9Aa 71.3£7.1Ab 52.7%4.2Ac 14.3£2.1Bd 3.040.9ABe 1.34+0.4Af
15 48.345. 1Dab 50.744.7Ba 42.745.3Ch 23.743.2Bc 6.3+1.2Cd 2.0+£0.8Be 1.04+0.1Ae
0(CKy) 13.3£2.9Aa 14.74+3.2Ba 12.743.3Ba 6.0E£2.4Ab 2.0£0.9Ac 1.02£0. 3Acd 0.7£0.2Ad
R 5 15.0£3.5Ab 19.7£4.6Aa 15.7£2.9Ab 9.0%2. 7Ac 3.7£1.2Ad 1.7£0.8Ad 1.0£0. 3Af
Germination
energy/ % 10 13.7£3.1Aab  15.0£2.9Ba 10.0£2. 2Che 8.3E2.4Ac 2.3%0.9Ad 0.710.2Ae 0.310.1Ae
15 9.7+2.5Ba 9.7+2.7Ca 7.7+1.8Da 4,740.9Ab 2.040.6Ac 1.340.6Acd 0.74+0.1Ad

WA NG PR R S A A B TE 0. 05 /K 28 5 8 3% s W9 oK - Bh e n IR I WAL BRI 7E 0. 05 K B % N

Note; Values in each row with different lower case letters are significantly different among salt treatments at 0, 05 level in the same pre-chilling time, while values

in each column with different uppercase letters are significantly different among pre-chilling times at 0. 05 level in the same slat treatment; The same as below.
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Table 2 Effect of pre-chilling treatment on seedling growth under salt stress

et ﬁ{r'r-'nﬂ‘ﬂ]ﬁ?“[ﬂ R AL PRV B Salt treatment concentration/ %
Index PY‘EI’C]’Hng -
time/d 0(CK5) 0.1 0.2 0.3 0.4 0.5 0.6
0(CK,) 4.940. 9ABb 5.3+1.2Ba 4.940.9Ab 3.4740.5Bc 2.440.3Ad 1.240.4Ae 0.8+0. 1Bf
WA K 5 5.1+ 1. 1Ab 5.6+1.4Aa 5.0+1.2Ab 4.040. 6Ac 2.440.6Ad 1.440.2Ae 1.040. 3AT
Radicle/cm 10 4.840.8Bb 5.140.9Ba 1.8%1.1Ab 3.4%0. 8Bc 2.240.4Ad 1.2%0. 3Ae 0.940. 2ABf
15 4.240.8Ch 4.740.8Ca 4.140.7Bb 2.840.6Cc 1.740.4Bd 1.140. 2Ae 0.740. 2Bf
0(CK;)  4.5%+1.1Ba 4.240.9Ab 3.440.8ABc  2.6+0.4ABd  1.80.6Be 1.240.4ABf  0.7+0.2ABg
W 5 1.840.8Aa 1.3+1.1Ab 3.641.2Ac 2.840.9Ad 2.240.5Ae 1.540. 5Af 0.840.2Ag
Hypocotyl/cm 10 1.5+1.2Ba 1.140.7Ab 3.340.6Bc 2.440.5Bd 1.840. 8Be 1.140. 3B 0.4+0.1Bg
15 3.940.9Ca 3.440.6Bb 2.640. 4Cc 1.840.6Cd 1.340.3Ce 1.0+0. 3Bf 0.440. 1Bg
0(CK1) 0. 44 0.51 0.46 0.37 0.32 0.29 -
W 5 0. 46 0.55 0.49 0.36 0.33 0.28 -
Shoot ratio 10 0.45 0.52 0.46 0.37 0.32 0.29 -
15 0.42 0.49 0.47 0.35 0.33 0.28 -
£3 RETAENEHETHHERPEFTENZNE
Table 3 Effect of pre-chilling treatment on SOD,POD and CAT activities under salt stress
R4 il VR R A 8 ] b Ab YK B Salt treatment concentration/ %
Protective Pre-chilling
enzyme time/d 0(CKy) 0.1 0.2 0.3 0.4 0.5
0(CK;) 13. 445, 6Ae 55.243. 7BCd 78.346. 8Bc 159.9=13. 3Ba 138.6+12.4Bb 64.445. 7BCd
SOD 5 15. 74 4. 9Ae 65.844. 9Ad 95.249. 2Ac 185.7+12.7Aa  157.0+13.1Ab  75.0+6.6Ad
/(Usg ' emin ") 10 44.7+6. TAL 58.245. 1Be 77.748. 4Bc 150.2413.5BCa  130.4-14.7Bb 67.444. 8Bd
15 39.042. 6B 19.743.4Ce 71.946. 6Bc 133.3411.2Ca 115.1413.6Ch 58.945. 2Cd
0(CK,) 22.542. 4Af 30.641.7eB 18.442.7Bd 76.946. 6Ba 64.8+5. 2Bb 55.546. 2Bc
POD 5 23.342. 6Af 36. 442, 4Ac 56.345.4Ad 87.945.9Aa 72.6+4.8Ab 61.4+5.6Ac
/(Ueg ' emin!) 10 22.141. 8Af 31.0+3. 1Be 47.8+3. 4Bd 74.346. 2Ba 64.143.7Bb 55.943. 7Bc
15 17.9+1.9Be 27.742.4Cd 38.243.2Cc 66.747.1Ca 54.646.4Ch 52.644.Ch
0(CKy) 19.3+3. 2Be 38.544. 2Bd 71.4+6. 6Bc 122.2410.5Ca  106.3+12.3Bh 100.5+9. 8Bb
CAT 5 23.6+4. 1A¢ 45.542.1Ad 81.348. 2Ac 136.7+12.3Aa  127.0+11.4Ab 121.0+12. 4Ab
/(U+g™!emin™") 10 19.7+2. 6Be 10.243.2Bd 72.145. 8Bc 127.4+11.8Ba 109. 4+12. 4Bb 108.8+13. 3Bb
15 18.3+2. 1Be 35.643.7Cd 65. 46, 4Bc 115.9+12.4Da  105.1+10.2Bb 97.448.9Bb
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Table 4 Effect of pre-chilling treatment on soluble protein contents and proline under salt stress

e T A i b 8 i)

EhAh YK B Salt treatment concentration/ %

Ind Pre-chilling
ndex time/d 0(CK») 0.1 0.2 0.3 0.4 0.5
0(CKy) 2 640+123ABc 3 066+173BCc 4 070+321Bc 5 1194591 Abc 9 184+617ABab 16 235+559ABa
AR A 5 2 360+ 136Be 2 951+168Ce 3 855+336Bd 4 696 +625Bc 8 736+563Bb 15 2724624Ba
Soluble protein
content/(mg » g~ 1) 10 2585+144Ce  3123+216Be 4 158+401Bd 5 200+421Ac 9 250+489Ab 16 701+458Aa
15 2 802+ 109Af 3 3274+201Ae 4 678+511Ad 5 471+368Ac 9 522+369Ab 17 792+£568Aa
0(CKy) 1.36£0.1Ad 1.4040. 2ABd 1.5940.3Ad 1.9840. 3ABc 4.5640.6Cb 10.34+£1. 6BCa
Jili 22 5 1.3240.2Ad 1.3940.3Ad 1.4940. 2Bd 1.88+0.3Bc 4.3740.7Ch 9.3840.7Ca
Proline content
/(mg+g 1) 10 1.33£0.2Ad 1.40£0. IABd 1.52+0. 3ABd 1.91£0. 3Bc 5.0240.6Bb 11.59+1.4ABa
15 1.3640.2Ad 1.4140. 2Ad 1.5640.3Ad 2.0540.4Ac 5.4040.5Ab 13.07+1.2Aa
%‘ES 1&Imf’ﬁii25dihﬁj] TXT@JEHEE—J'KH’JE;
Table 5 Effect of pre-chilling treatment on conductivity under salt stress
ARG 75k A B S ) Eh AL Pk [ Salt treatment concentration/ %
Pre-chilling
time/d 0(CK3) 0.1 0.2 0.3 0.4 0.5
0(CKy) 1. 00ABe 1. 14 Ade 1.22Ad 1. 45Bc¢ 2.02Bb 2. 86 ABa
5 0. 83Ce 1. 11Ad 1. 20Ad 1. 42Bc 1. 99Bb 2.69Ba
10 0. 95BCe 1. 18Ad 1. 21Ad 1. 47Bc 2.33Ab 3.03Aa
15 1.11Ae 1. 26Ad 1. 23Ad 1.51Ac 2.43Ab 3.13Aa
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