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Abstract: To explore the physiological response mechanism of Michelia macclurei seeds under different storage
temperatures and conditions, the viability, germination rate, moisture content, physiological and biochemical
indicators were determined. The results showed that with the extension of storage time, the viability, germination
rate, protein content, and activities of superoxide dismutase (SOD), peroxidase (POD), catalase (CAT) and
amylase (AMY) of the seeds all showed a downward trend; the contents of soluble sugar and malondialdehyde
(MDA) first increased and then decreased, and the MDA content after storage was always significantly higher
than that before storage. The moisture content of seeds stored at 4 'C, —20 ‘C and —196 C showed a trend of first

decreasing and then increasing; among them, the seeds stored at 4 C and —196 °C had higher viability,
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germination rate, soluble sugar and protein content, as well as SOD, POD, CAT and AMY activities. In addition,
retaining the pseudocarp significantly increased the viability and germination rate of the seeds. The germination
rate and viability were significantly or extremely significantly correlated with contents of moisture, soluble sugar,
protein and MDA, as well as activities of SOD, POD, CAT and AMY. Storage temperature, storage duration and
the removal of pseudocarp all had significant effects on the physiological and biochemical indicators of M.
macclurei seeds. Therefore, in the actual storage process, low temperature (such as 4 C or —196 C) combined
with pseudocarp protection could be adopted to maintain the physiological activity of M. macclurei seeds to the
greatest extent and extend their storage life.

Key words: Michelia macclurei; Recalcitrant seed; Storage temperature; Physiological and biochemical indicator;
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Fig. 1 Changes in viability and germination rate of seeds during storage. Different capital and small letters upon column indicate significant difference among

different storage time, and different storage temperatures at 0.01 level, respectively. The same below.
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Table 1 Inter agent effect test on indexes of Michelia macclurei seeds

FEPF Index [X|%% # Dependent variable )77 Mean square F P
A 15 7 Viability ST 1.479 448.446 0.000
T 0.030 8.996 0.000
STxT 0.026 7.784 0.000
K 5 # Germination rate ST 1.401 3102.769 0.000
T 0.003 6.769 0.001
STxT 0.003 6.769 0.000
7K Water content ST 0.009 81.389 0.000
T 0.001 7.592 0.000
STxT 0.002 18.774 0.000
A VAL B ST 0.000 121.497 0.000
Soluble sugar content T 0.000 32.100 0.000
STxT 0.000 286.734 0.000
2 57 i Protein content ST 5561.065 21251.820 0.000
T 198.820 759.799 0.000
STXT 16.915 64.642 0.000
MDA ST 4.620 1 548.009 0.000
T 2.670 894.682 0.000
STxT 0.130 43.659 0.000
SOD ST 1796.287 456.072 0.000
T 51.182 12.995 0.000
STxT 4.028 1.023 0.450
POD ST 1674.928 941.121 0.000
T 77.822 43.727 0.000
STxT 6.628 3.724 0.000
CAT ST 4541.745 357.343 0.000
T 362.536 28.524 0.000
STxT 55.626 4377 0.000
AMY ST 77.202 3 634.506 0.000
T 1.934 91.069 0.000
STxT 0.144 6.789 0.000

MDA: A —[%; SOD: #E MY (LE; POD: i EibE; CAT: EACEET; AMY: JEXHEE; ST: Weta); T: EE. FH

MDA: Malondiadehyde; SOD: Superoxide dismutase; POD: Peroxidase; CAT: Catalase; AMY: Amylase; ST: Storage time; T: Temperature. The same below
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Fig. 2 Changes in water content, soluble sugar content, protein content and MDA content of seeds during storage
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Table 2 Effects of pseudocarp on seed storage

b %[ Remove - Retain
Index 25 C 4 C -20 C -196 C 25 C 4 C -20 C —196 C
s N Viability /% 10.00+£5.00Aa 28.33+7.64Ab 18.33+5.77Ab 21.67+2.89Ab 20.00+8.66Aa  70.00+5.00Ac 40.00+10.00Bb 63.33+10.41Bc¢

K% Germination rate /% 10.00+5.00Aa 25.00+5.00Ab 15.00+0.00Aa 16.67+2.89Aa 25.00+5.00Ba  43.33+2.89Bc 33.33+5.77Bb 38.33+2.89Bbc
Tr7KZ Water content /% 19.60+£2.03Aa 20.56£0.92Aa 21.52+1.86Aa 24.90+1.88Ab 18.56+0.53Aa 21.63+1.98Ab 21.34£1.08Ab 23.32+0.46Ab

VAR S /% 0.91£0.01Aa  0.99+0.01Ac  0.94+0.01Ab 1.01£0.01Ac  1.11+0.02Ba  1.17+0.01Bc 1.14£0.01Bb  1.20+£0.01Bd
Soluble sugar content

HEAREE (mglg) 44.83+0.30Ac 54.69+0.51Ad 52.42+0.30Ab 56.57+0.73Aa 54.44+0.55Ad  62.85+0.36Bb 59.52+0.36Bc 65.89+0.94Ba
Protein content

MDA (umol/L) 2.95+0.05Ba  3.71+0.05Bb  4.16£0.03Bc  3.62+0.01Bb  2.59+0.04Aa  3.04£0.09Ab 3.31£0.09Ac  3.00+0.04Ab
SOD (Ulg) 35.96+1.12Aa 38.58+2.03Aa 38.35+1.64Aa 38.14+2.06Aa 44.44+159Ba  48.35+1.38Bb 45.36+1.40Ba 49.08+1.64Bb
POD [umol/(g-min)] 21.45£0.66Aa 26.24+0.93Ad 24.82+1.08Abc 26.07+0.46Acd 24.02+0.79Ba  31.40+0.75Bc 27.81+0.56Bb 34.33+0.58Bd
CAT [umol/(g-min)] 54.60+2.72Aa 57.52+5.86Aab 53.32+3.28Aa 58.91+5.17Aab 60.83+3.70ABa 77.46+2.71Bb 64.00£6.28Ba 73.52+4.39Bb
AMY [mg/(g-min)] 5.64+0.09Aa 5.94+0.11Ab  5.67£0.07Aa  5.95+0.05Ab  6.35£0.21Bb  6.77£0.04Bc 6.01+0.09Ba  6.96+0.07Bd

AT HUR J5 AN R K5 - B R AR AH FHIRBE T R B (B B 5 BBl ¢ [ 22 S (2. 35 (P<0.01); AN/ - B R AN IR BE 1) 22 3 (2. 35 (P<0.01).
Data followed different capital letters in the same line indicate significant differences between retained and removed pseudocarp at the same temperature, while

small letters indicate significance difference among different temperatures.
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Table 3 Inter agent effect test on indexes of Michelia macclurei seeds

Fex Indexes [F2% & Dependent variable ¥J77 Mean square F P
A3 7 Viability 125 Whether to aril or not (WRA) 0.496 91.558 0.000
T 0.137 25.353 0.000
WRAXT 0.037 6.788 0.004
K % # Germination rate WRA 0.202 121.000 0.000
T 0.029 17.333 0.000
WRAXT 0.001 0.667 0.585
% 7K Z Water content WRA 0.000 0.507 0.487
T 0.003 11.715 0.000
WRAXT 0.000 0.917 0.455
A MRS R Soluble sugar content WRA 0.000 1578.286 0.000
T 0.000 81.633 0.000
WRAXT 0.000 0.999 0.419
% A5 & & Protein content WRA 438.689 1 444.565 0.000
T 149.744 493.095 0.000
WRAXT 1.988 6.548 0.004
MDA WRA 2.347 751.395 0.000
T 0.952 304.759 0.000
WRAXT 0.060 19.214 0.000
SOD WRA 491.484 183.796 0.000
T 15.371 5.748 0.007
WRAXT 4.285 1.602 0.228
POD WRA 135.199 241.124 0.000
T 64.426 114.901 0.000
WRAXT 10.187 18.168 0.000
CAT WRA 993.834 50.019 0.000
T 152.685 7.685 0.002
WRAXT 50.843 2.559 0.091
AMY WRA 3.119 288.079 0.000
T 0.504 46.555 0.000

WRAXT 0.119 10.976 0.000
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Table 4 Pearson correlation analysis among indexes

st i REE TORE AT E EARSE

5 o Germination ~ Water  Soluble sugar  Protein MDA SOD POD CAT AMY

Index Viability
rate content content content

A5 7] Viability 1
KR 0.975™ 1
Germination rate
Lk 0.621™" 0.568" 1
Water content
ARG 0.485" 0.570™ 0.087 1
Soluble sugar content
EEHRSE 0.827" 0.830™ 0.396 0.354 1
Protein content
MDA —-0.607"" -0.491" -0.570™ 0.206 —0.418" 1
SOD 0.908"" 0.940™ 0.384 0.646™ 0.901™ -0.336 1
POD 0.955™ 0.924™ 0.578"" 0.437" 0.915™ -0.573"" 0.911™ 1
CAT 0.769™" 0.781" 0.355 0.393 0.979™ -0.333 0.878™ 0.881™ 1
AMY 0.914™ 0.928" 0.441" 0.537" 0.941™ -0.435" 0.970™ 0.958" 0.932™ 1
**: P<0.01; *: P<0.05
CAT fl AMY JEVERMRZFEAR, 5 MDA &  #PY, WiEARIE A2 B T BT ™ A K s

2R ZE MM, MDA & &5 POD i £ M 52
I, 5 AMY iEM 2B # fHH5%; SOD. POD.
CAT Fll AMY 35 D035 8] S 4770l 0 38 IEAH 2% .

3 SRS

AHFIELL 10 a A2 K JjHiRh A RL, #7581 1E
AN E R 2 A R 2 AR FE AR AL TR AR I AR A 1R 0L,
FexF S FRAR A AR ST T b 45 REH, 4
FOKER, AIEMERES . BARSEMPUREERS
PEEUIK, 1 MDA & &EEEN, PB4 ik
FREC. FEARPI A, P58 2 PR bR A7
TE 35 AR I, 31X 3 B AE Fob ot A% it o 1)
P BEAR T fe 2 i T — A EcE b & LA SRR A
EC iUy I A

Folt =7 P 25 155 0 R B S o 5 Tk I [R] (19 ZE K
7 FRAR 24260, AT 70 3 BH £80a I 38K P 2K 3 A ok 11
TG TIR GRS RAEBZE N TR, BAHESH
TAE Y Fh - ARABL, AR ] 22 SR K729, g
FLRW, TP A5 5 7K e AR A R R AR
JRBOL, BRI S K R AL A SR 2 SR AR R
TR, EMEAf, EARME K. 2L
FITE e R T A K S 5 . TEARDT
Fid, SKER EE S EMPTE L E(SOD. CAT.
POD) ¥ PE7E 2k 4] B 40 & A2 7 2 BRI, 1
MDA & 2 U % 3 25 7 5 . MDA & il iR i AL =

AH HESGEEAR R 5K M, 1X5 ROS BB, S
AN SR . IEREDLR, A i A
@A R G L TE R, AR SOD.
POD Al CAT S5BGEIh FAE L, AT X 22 Fh ¥ 32
. YRR Th RE e e A AP TIE 1233, e A
i, MDA & &Rt m, RFFEEEKEA S
ARSI, (HPTE L BEEEH AR NI, R
FiFIIBT AL B A B8 T 32 B4 o 1K RS 14 1) B
AT RE S BUE A MR, DA g,
TEBCBPETEIR, I FiE k. Ak, B
PSP T A SiE R IR R VIM G,
A BE IR I R4 R B A RN T RE, 1143 5 B4
BIEVERR, KR . B, EKERAE
et A I TC R B, 1T BRI S 4 ) S A
(R IMELR I

TERNF-R B A], IRV R o B AR B
BB, 17 KRRV PR 23 S0 D R A P (1 S )
MFEEREERIE, HA 2 H2 bh A WA F 58 55
AT R AEA N AR . TEARREFEH, EKERIA] %
PEBE & B EAS R 080 FE AP e B 2 2 57 o K 1
ANH L 1E 4 CRI-196 C R IRl 7 & 7K AN
, HILATVA MR et R v T A R R
. B WLEE 4 ‘CHI-196°C R IF 8k i b1 R IR A FH 2
BB T HA IR RE R o BRI R R e 5
W FEN T E KA E R A, w7 A% &
i PRl - PRI WP IR A FH R RSP T B3 7T
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feagE L b, AR R B ARESA
AN KR, TR A & BRI, 2]
b i A B350, b B il B R R G 52 ST
15, FHAEIREE AR A e 30 22 P FH R The B,
Xof Fe AR B R 2 5 25 B AR P Bz 14 ﬁlAHm
T e SRR IR, LM EM T &
KEFEL EAMSE. PUEEEE TSRS & =
R BT IR E A . Rk, BRh s A7 LE ]
PAKE K K dpa b5 (05t 18] o I3k 1 A R &K
RIEK, ATRER T LB M EFTFREK. &
AN, B S ECR R AR . R, 2%
BRAER B2 1 K F AR T e B B I TR
B Rz 4, tdE— DR BT IR AR S . MDA
TREESS, RHTEREBEMENRY S, FT
AN IR E], PR I AR B T . T
PrAAEETE AT e R N, PR MBS PEEL 2R
AT BB, ATREE T A KR AP L A
A EE IO I e R LB

SR AR bR B I AE D6 M DL RO K T R R T %
TEAR A E— 20 70 Hr, &5 2 B LR R R A P
gl RSB E KRR PR, 31T 51 ST S R P
A% S BTG PR BRI B R 32 . A A
W, TEASTRIRE T DA RSB R Rz 1) 25 5k 5 75 Tk 2k
REREZE, WMENTEA R &M T FERAE 58
FERN S /KR IR AR AR LA o B DA I 0 i R R A

B A 7 ORI % 5 7K 2 B B AR TT BB 2 SR K
JIRGFIF- 22 AN P IR, XA £y e ek it
— 5% H AT IR

gr b, fEWEOd R, KT AR T
REER, HAFSEMSOD. POD. CAT K AMY
i P 350 i o5 P [ (1 S A T 2R T R A s b7 11
AT PEREAT MDA 5 5 35 B 55 I 9 A 1] 2 < 5 T
PG, {2 MDA #5546 280 58 3 T 08K AT 11
4°C. 20 CHI-196 C oM Tk fIFh 7 & /K 2 [
5 W B[] P A K S B AR 5 5, 1T 25 °C R Fh T
KR SRR S B AR E R R
B AR b B AR T 23 B AR ol Bz Adh 3 B A B B 1) 3K
R KRR B AR bR A LE A G, RF 3
54T SRR, EERS R, EEHRSEN
SOD. POD. CAT }2 AMY 35 £ 82 EME, 5
MDA F&EEENMI FIENS5EKE, HA
i & &A1 SOD. POD+ CAT } AMY itk Sk 5 2%
IEMSE, Sal@EtiES 2 BEIEMX, 5 MDA
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