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Studies on Physiological Effects and Mechanisms of Pinus tabulaeformis Seeds and
Seedlings by Hydro-priming

HE Hongjuan, GUAN Hua, ZHANG Cunli”
College of Life Sciences, Northwest A&F University, Yangling 712100, China

Abstract: The hydro-priming technique was adopted for Pinus tabulaeformis seeds to solve the poor emergence and drought
resistance of direct seeding in the present study. The effect of hydro-priming on the seed, seedling, and the drought
resistance mechanism of the primed seedling were also explored. The results showed that the optimal condition for hydro-
priming was at 10 °C for 10 days under dark condition, and in the presence of 30% additional water to the original seed
mass. Specifically, a succession of total water percentages (53.6% , 14.5% , 14.5%, 8.3%, 5.7%, and 3.4% ) was added
at0 h, 8 h, 16 h, 40 h, 64 h, and 88 h after starting priming, respectively. The effects of hydro-priming on
P. tabulaeformis seeds were documented in comparison to the control. First, the 50% seed germination days and hard seed
rate of primed seeds were significantly reduced by 37.5% and 48.8%, respectively. The germination index, the final
germination percentage, and seed vitality index were also improved by 42.8% , 18.2% , and 16.8% , respectively. Soluble
sugar and soluble protein content of primed seeds increased by 25.2% and 18.0% , respectively. These results demonstrated
that the hydro-priming technique improved the performance of P. tabulaeformis seeds. Second, the relative plant height of
hydro-primed seedlings decreased by 34.7%. Stem diameter, fresh seedling weight, and root length increased by 30.9%,
105.4% , and 3.9%, respectively. Third, catalase and peroxidase activity in seedlings and the dehydrogenation enzyme in

the root increased by 31.2%, 9.4 times, and 70.6%, respectively. Free amino acid content declined by 41.4%. These
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results show that the physiological indexes of hydro-primed seedlings were considerably different to those of non-primed,
with hydro-priming strengthening P. tabulaeformis seedlings. Finally, under drought stress, proline and soluble sugar
content in seedlings from primed seeds were significantly enhanced by 39.6% and 118.9%, respectively. In contrast,
malondialdehyde content significantly decreased by 93.4%. The results indicate that the increased soluble sugar and soluble
protein content in hydro-primed seeds greatly enhances seed germination and seed germination rates. On the other hand, the
function of the seedling antioxidant system requires further improvement by increasing seedling antioxidase activity and

decreasing malondialdehyde content, which significantly enhance seedling drought resistance.

Key Words: Pinus tabulaeformis; hydro-priming; physiological effect; seed germination; drought resistance
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1.2.3 5k FpEentia) ) %22

BOE 5(£1) 10(£1) 15(+1) 20(+1) C 4 MRBERLEE MR 1.2.2 12050 K45 1Y AN [m] isf 1] B ) W /K A i
TR S KSR B 121 g AR 25 A5 K% (29.5 cm x22 cmX4 cm) 1, 5| &K ¥, KHE 1.2.2
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Fig. 1 Changes of germination in the dark and light cultivation
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Fig. 2 Changes of water absorption and germination for Pinus

tabulaeformis seed

for Pinus tabulaeformis seed
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Table 1 seeds buding days for different treatments( seeds germination time:day(d) )
PR Ji7K i Addition amount of water /%
Temperature/ (°C) 30% 35% 40% 50% 60%
5(x1) 10.0d 9.0d 7.0d 6.0 d 6.0d
10(+1) — — 55d 55d 55d
15(x1) — 6.0 d 454d 454d 4.04d
20(x1) — 5.0d 4.0d 4.0d 4.0d

Ferf— 2 B T Z I 10 d

2.4 M5k

FRHE 2.2 B A W2 7K 2 R 7 900 16 1 19 30%—60% , 15 58 il 7K 1 43 511 Sk 00 1 I 2 149 30%
35% .40% .50% .60% FLAHEE s AR ¥ 2.3 #f 8 B9 AP T 51 A w1 UG I (8], 32 K15 2 B 18] R B2, 140 3 5 % % 1) 5

(£1) 10(+1) 15(+1)F20(+1) CVUAIRBERLRE2H A, I

Bt 74 A KEFE KA 2.2 B AE UK BE,0—16 h

AWK G TR 68% ;16—104 h IIA MK BB 32% , IR IGO0 T TR 151 %, S1URRCR AR 2,
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£2 FRFHTIIRMRMTORFENEFEMREATH
Table 2 Germination percentage, germination index in different conditions of water priming of primed Pinus tabulaeformis seeds and

comprehensive assessment

JbF REFIREL REFAR LTI IR Eil35g
Treatment Germination index Germination percentage/% Comprehensive assessment index Order
CK 4.87 61 32.68 61
T5+W30+D6 2.93* 46 24.21™ 70
T5+W30+D7 4.43 62 33.22 60
T5+W30+D8 6.98 75 40.99 ™ 41
T5+W30+D9 6.51" 78 42.26™ 37
T5+W30+D10 6.75" 76 41.37™ 40
T5+W35+D6 299" 43 23.00* 72
T5+W35+D7 3.21° 46 24.6™ 69
T5+W35+D8 5.42 64 34.71 58
T5+W35+D9 5.12 5 27.56 67
T5+W40+D6 4.50 57 30.75 65
T5+W40+D7 3.95 44 23.97™ 71
T5+W50+D6 4.71 60 32.36 62
T5+W60+D6 3.50 48 = 25.75° 63
T10+W30+D6 5.12 65 34.81 57
T10+W30+D7 7.72" 66 36.61 55
T10+W30+D8 8.47™ 75 41.49™ 39
T10+W30+D9 9.86™ 8 44.93 18
T10+W30+D10 12.41™ 93 52.71™ 1
T10+W30+D11 8.51™ 63 35.50 56
T10+W30+D12 11.06 ™ 84 ™ 47.53 6
T10+W30+D13 10.26 ™ 82 45.88 13
T10+W30+D14 9.75™ 79 44.12* 30
T10+W30+D15 10.64 ™ 81 45.82™ 14
T10+W30+D16 10.64 ™ 83 46.82 ™ 9
T10+W30+D17 11.74™ 81 46.37* 11
T10+W30+D18 11.28™ 8 45.64 ™ 15
T10+W30+D19 11.3™ 78 44.4™ 27
T10+W35+D6 4.84 62 33.42 59
T10+W35+D7 4.39 59 31.69 64
T10+W35+D8 5.99 73" 39.5" 46
T10+W35+D9 6.71" 72 39.1 = 48
T10+W35+D10 8.73 ™ 77 42.62* 35
T10+W35+D11 8.02™ 66 37.01 54
T10+W35+D12 6.57" 72 39.03 " 49
T10+W35+D13 8.44 ™ 77 39.22 = 47
T10+W35+D14 8.49™ 81 44.49 ™ 24
T10+W35+D15 8.61™ 83 45.56 " 16
T10+W35+D16 9.37™ 88 ™ 48.43* 4
T10+W35+D17 8.22™ 82" 44.86 " 19
T10+W35+D18 8.65™ 8 44.33 ™ 29
T10+W35+D19 6.95 7" 38.97" 50
T10+W35+D20 11.02* 76 43.51™ 32
T10+W35+D21 8.65™ 81" 44.57* 23
T15+W30+D6 4.70 59 31.85 63
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b REFIRE KR LA TR AL Hey
Treatment Germination index Germination percentage/ % Comprehensive assessment index Order
T15+W30+D7 5.90 5" 27.95 66
T15+W30+D8 9.06 ™ 71 39.78" 43
T15+W30+D9 9.22™ 77 42.86 ™" 34
T15+W30+D10 9.52* 76" 42.51* 36
T15+W30+D11 8.61™ 73" 40.56 " 42
T15+W30+D12 10.1°* 77 43.55™ 31
T15+W30+D13 8.18™ 75 41.59* 38
T15+W30+D14 8.94™ 85 ™ 46.97 8
T15+W30+D15 9.47™ 81 44.98 " 17
T15+W30+D16 9.65 " 8™ 44.58 " 22
T15+W30+D17 9.81™ 79 ** 44.41™ 26
T15+W30+D18 9.47™ 8™ 44.48 ™ 25
T15+W30+D19 8.02™ 72" 39.76 " 44
T20+W30+D6 6.04 71 38.27 52
T20+W30+D7 8.77" 69 38.88" 51
T20+W30+D8 8.7 71 39.6" 45
T20+W30+D9 11.97 82 46.99 7
T20+W30+D10 12.3* 86 48.9 3
T20+W30+D11 10.04 ** 66 37.77 53
T20+W30+D12 10.35™ 76" 43.18 33
T20+W30+D13 9.88 ™" 8™ 44.69 20
T20+W30+D14 10.76 ** 78" 44.38 28
T20+W30+D15 11.24* 85" 47.87 5
T20+W30+D16 10.67 ** 82 46.34 12
T20+W30+D17 10.22* 79 ** 44.61* 21
T20+W30+D18 12.45™ 89 ™ 50.72* 2
T20+W30+D19 10.32* 83 46.66 " 10

F TS+ W30+D6 FRAMBREE J9 5 °C , ik i g Fh 00 ia B 1 309% , 51 2 mHE] o 6 d, HAl2E R L ik, = Ferm Ab BRZE 55 %t PR 21 2% el (B 3%
(P<0.01), = F/RALBRA] 5 xF IE2H 22 57 3% (P<0.05)

MBI & ZEHRE R 2R R AN IR EORE |, A5 | R A 454 T10+W30+D10, PR A i
PRSI Rt B AR R G35 51 IR R 10 °C L 51 & IHE R 10 d, /K & R 740 46 B 1) 30% , 44tk
K, HEG1% 0 h 8 h 16 h 40 h .64 h 1 88 h B4 HIIMA BUK i 53.6% 14.5% ,14.5% 8.3% 5.7% 3.4% .,

2.5 SIEJR IR RIS IS R AR AL

IKE K IMAATR T e 5| % Fh T BRI B 48 TR AR A0 RE 25 5 W3 3, 51 & Ja R 1l i pl Je nl s v 2 1 B
3 FEXT R 5 T 25.2%,18.0% , 25 S 0 25 s Fh Il 20 FN N R 5 i ST RICGe it 25 5 0 K1 ATl Fh
TAHHCXT R, T FRE SR i B EFEAR T 37.5%,48.8% , 16 AR EU L ZRE T 16.8% , KB L Kk 2 HR
S E PR T 42.8%,18.2% , G K5 A ARV = LU REBRAR T 34.7% , ZEMRI P £ 2 45 i) LU R =
T 30.9%F1 105.4% , 2= 5 Y40 40 3 s FEAR CAT FIAR 8 b S0 0 36 14 b X RE A3 301 394 T 31.2% F1 70.6% , POD
FEXT BTGP N T 9.4 A% Ui B9 202 (100 Sebe it h AR SR U TR T 41.67% , 2 5 ¥ 2%
2.6 SR NHTRRN

T 58 T 5 &G IAA L I R A iR 0.016% , AT MR & 58 0.57% , 5% B (0.0097% .0.11% )
L, 3l $2 s T 39.6% 1 118.9% , 22 5 4 i 3 s 5 R S5 S N ZFE & 520 0.17 wmol/g, 5 X HR(2.58 pumol/
g) HHLL, FEMR T 93.4% , 22 St W& .
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Table 3 Physiological and morphological indicators of Pinus tabulaeformis seeds of water priming and seedlings cultivated 21 days

545 Indicators %8 Control JK51 % Hydro-priming
itj iifj’;cal indicators it B2 7% & Proline content/ (%) 0.012+0.001 0.013+0.002
Al PERE 4 Soluble sugar content/ (%) 1.82 + 0.047 2.28 + 0.016 ™
AL R Soluble protein/ (mg/g) 27.9+0.18 329 +0.21*
T % malonaldehyde content/ ( wmol/g) 2.8+0.054 2.70.017
éiifﬁlﬂ indicators B 25 KB Days to get 50% germination/ (d) 16+1.03 10+0.63 ™
i 5% Hard seed rate / (%) 16.8+0.027 8.6+0.006 **
% ZEHEHL Germination index 2.610.16 4.56+0.28 **
% ZF 2R Germination percentage/ (%) 60+1.2 70£1.4*
1% J138 5L Vitality index 0.10+0.002 0.12+0.005 *
éﬁfjhng ﬁ:‘;ﬁ@y indicators ZEH Stem diameter/ (cm) 0.1+0.0024 0.13+0.0032 **
AHXT = Relative height 78.661.34 51.36+1.15*
i it H Seedling fresh weight /(g) 0.12+0.004 0.25+0.0041 **
MR Root length/ (em) 8.30+0.087 8.63+0.129
ﬁfﬁfgcal indicators it A AL A Catalase/ (U/g + min) 11.55+0.34 16.79£0.67 **
T ALY Peroxidase/ (U/g + min) 7.31+0.36 76.04+2.52 *
Jii 2 Dehydrogenation enzyme / (mg/g - h) 50.17+2.25 170.63£2.79 **
T B R IR Free amino acid / (%) 0.48+0.016 0.28+0.013 **

TR AR A I E LR EDR AR B n = 12, RZE8R n =10, JESF8 R n = 40, ™ FR B 5% R4 25 50 3 (P<0.01) , + FonAb B
5 B4 2 5 3% (P<0.05)

2.7 AHRMEA BT R

K51 & 5 AA DR Q8 e T2 W30 T 2B 0 45 30 A BRAE AR E AT A G A, S5 R LR 4, i R,
PRI IR & 540 CAT I PE B B 35 (P<0.01) IFAH X {HFH T MDA &8 5H ¥ (P<0.05) M
X Bl A TR S R S AN CAT B3 IEARSE 5 POD R SUBHE P S0 W35 F ARG  Sirs @M & i 5
W 2 SR OG  Fh T TV PR (1 RS B S5 401 POD % M 5 38 IE ARG, Sl B S R MR & b B B & M O
b ] A MR AT AT A B o S P A I R i B AR E B A G, A S 4l MDA R R AR
F B GURIC BT nT RS B S A G T A T A R R A OG

¥R 51 KI5 gl i 5 A R J5 2l B 0 2 A BEEE FR B AT AR OG0 AT, 45 SR W36 5.l Rl AT, 4 POD
IR SRS 14 -5 Pl J T B AR A ) R R ] P o S 2 A 0 3 IR A, 5 MDA 5 i S 0 3 TR OG5
ATV S AR O i S A T Al B IR R AN AT T A A i A B OG5 MDA B A B IR A G

3 it 54R

3.1 AR TR G KTk

SR SRR s % IR SR AR 5, A 2—21 d ZRVZEARTY X AR Sk
10 d M5 RARST . BIURIREE—MAE 15—20 C1 A ITERARIREE (5 °C) FURBCREAF T 3 ABE ST 1Y
10 CA 25, iIX P22 5 n] e S A A A A Rtk D 19 o b3 IR KR AR B2 R 5 | R S8OR Y — > EE 2
R AR A S I e K b I R R K R B 1 D I K e R sl s 2 T R K A
&R TR0 T AN EE R e T NI TR o AN E RIS T IR AA K S A R A EO AR i
BRI RA K 5 A8 BAE R R T 25T X TR SIAA Y LR -2 R A G
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Table 4 Correlation analysis of tested indicators of Pinus tabulaeformis seeds and seedlings and seedlings under water stress

FhF Seed
A LRGeSl s [Pl g g it R
Soluble sugar content  Soluble protein content Malonaldehyde content Proline content

i A AL SR .

1 Seedling L%ﬂ:ﬂm{ﬁ & 0.854 " 0.796 -0.877" 0.929 ™
Activity of catalase
FLR LR 0.925° 0.902° -0.638 0.696
Activity of peroxidase
WA E
ﬂ}ﬂ%kﬁ@(ﬁf | 0.940 ™ 0.801 -0.595 0.718
Activity of enzyme
I ‘)\(\"f:‘}t o =N
VAR IR -0.966 -0.851°" 0.670 -0.787
Content of free amino

o EI‘H‘ Sl e L

‘|‘T.jJ1_é'J'JEH W S i B B

Seedlings under . 0.922 0.934 -0.678 0.703
Proline content

water stress
] V53 'D/»\E
L 0.888" 0.810 -0.487 0.710
Soluble sugar content

— ik A EL

7SR -0.927" -0.856" 0.593 ~0.684

Malonaldehyde content

e L BEHEIKSESTI0 0.05 F10.01, %5 L

x5 HEETREHEEYHEHSTERISHRERHEXSH
Table 5 Correlation analysis of tested indicators of seedlings and seedlings under drought stress

VAl Seedlings

T RIE R 4 b A e T I S i
L fL e ST = S A T A A L
Seedlings under drought stress i S e S A The activity The activity of iFes & e o it
The activity of catalase . . . Free amino content
of peroxidase dehydrogenation enzyme
fiti %R % i Proline content 0.794 0.996 ** 0.959 ** —0.972%
TS 5 i Soluble sugar content 0.675 0.977 ** 0.986 ** ~0.968 **
TN ¥ % & Malonaldehyde content -0.748 -0.995 ** -0.992 ** 0.987 **

AHIGE R IAA TN T K 51 & 0 Bl 451 0 - 10 C & P33R, 51 & 10 d, JinsK &8 Fh 797 1f 7 & 1Y)
30% , s hnoK.,
3.2 KGR B BT 1S T AL

AIVE PR R B8 Wl B/ N T, ORI R B JERE ), K51 & A R 1 R s b B
BEE T 25.2% , W HF T LR T e ILRE . KB K P T 00 v R B 1 RO R B R T 18,
0% , S X KRR FAE A BL e AL B P R U R P R R AT 5T, K B Rr e MM E AR R E S 5N &
J O AR R R K A A B 22 S R R AR R E S SRe R R E (e ] IR R T A v R
HBEM T & h 25 5eeE A B A L, AR A1, KGR W32 S An Fh 1Y & 2R84 e
LR ERNE JIHREL, BRARFI T Ty, , T BN ULBAFR - A B DB v & 25— il gy, /K51 & vl B 25K
IR P T BE SR | R BH/K 51 & o] DAREBRIAAFD T I RE S /K 5| A& S sl Fl 7 19 85 & LI T A2 . K5
S b B T PO AT R R AT A B SR AR SR JR R R A O A0 R K O LI s RE AR g
SRl NG sh AR AL R RN R
3.3 KBIREE R AN IS 1 AL

1K IR A ET CAT POD SRR BG4 , (F HAR P B A BE 425 %) LRI Al T e o | & 0 o ol
FREMS I N TEVR Wil N AR R 1 T U AR TE R Y L CAT A7 AE A A S R AR i —
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AR = 1) 1,0, 3 AT B RR P AR AR A TG TR AE AR RIS 1 0 —Fh o R 103 T AR AN
677, SR R A K bR TS PR, DR R A OB EOTE ) KT RS BITAASIET CAT . POD AR &
JIod SR T 2 A e AR, 5 SCRR S SR — Y BEK B R R E T4 R L R AR T AE, BESR T 4R
RAKE 1, KGRI PSS A SRR ff B XM S 4R i AR A BT, AR B (R A TR I, R
HZK 5| e nT 3G 2l A et B, IR S b B2 I, R A R e S R A 0 o2 ) B AR R IR 3 Db | 2 3
FRAE 2 AR S | R ARG 4h T BE AT KB T A B A T B SR R R 57 At 2R P SR A A N
b, R ZK 5 | % 40 B A R PR A 28 2 R 1 ki 5 (IR T X R

K5 | & Ja A R4l 1 A T A BRAR Bt T AH DG 43 B ( L% 4) I 25 SRR B 51 & Fh 7 = ] Vi b o5
AT DR S AH CAT POD FIAR Z M SR 1 1 5 5| & Fh 5 nT s 2 1 T DA S 40 POD & 1, IR, 7K 5
R =M AN ST I 7 AL AT BESR: - /K5 | A I T AR b T P R T VA A AR SR AR, B T I A
JAE, SE T4 R 4 CAT (POD W SRR P | I st iite 25 2 B e 23 R, 50 iR G & BURN S5 4k, (2l i i)
ZERH RE X R e R AR S AR AR B R
3.4 KBIREE R AN TR AL

MDA J2 it AL R B 2 ), SO —Fi s 6 PR 0 B i A1), RE S Wk e 28 A% R W 28 B A 1 o, DA gk
— X BT A 2 AL N DI e 1 A BP9 52 T ol 2 P e [ itk s e 164 2 e 240 LR %) 3 3 4k B 5 i Y 4
F1 L ARG E TR, KB &AL ER AT AA D T R A b K T IR 93.4% , R IUK 5| & A I R 40
FE PERG R A TG sR A B 76 ), JE A S 2 AP R 5 R v 0% R A T A AR a0 Sl v o
39.6% ,118.9% , = B/K 5| K vl 4 S AN gl B AE T 538 T i JERi AR I

KB R AA R 5 T 5 W0 5 47 i A SR AR AT AR DS 23 AT (IR 4) B8 AR BT RD - P e T
VS PENE A ] 5 2R TR A R T a8 5 A i I AR o f, BRAIR MDA 57 i, 6] W6 B 4 v 9 vl
SPERER R A — AT, N2 T 4l IR i Ve R RE 0, B2 = v AR A e SR Rk P, S8 A X )
H MK 5 1 &, K5 & RESAE HE 1 2 Whe N Rl 008 & i i A0 SARIR 25 RAART . Bk
SR S5 IS Gl B 5 T 50038 J5 S 10 45 AR BRAR AR A TR G MR T (D36 5) 4 SRR Y i A= K
= 7K POD FIAR 22 M6 Ul 6 14 AR B8 22 i R 7K P2 1 S JBih e T 4t o 20 vl 200 0 m s PR 5 i, PRI
MDA F i RTHE . FH LD 7K 51 A 3 i b 4 d 50 S0k 00 A8 3R 5 ML AT RB S /K 51 & AT AR i PR T
VPR A R SRR it s TP B 1 0T 1 et SR AN B POD FIAR 2R 0 Ul 16 in sl it 8 2 6 R 1 R, O
et 40y Ve A T SR B JE AR PR T A MR o A e, R LI 2R Y SRR R B A A TR R BRI T
MDA XL H 4055 |, B2 55 W AR OB 2 i AR K | DT BB 4 o ) AN R 5%

ZE LTI ISRl K 51 &, (R & 2R A BT EA B K I B 5, R A T SR T P S B
SRALTEAR SRR R T — A BGR R (EA T I IR AR SE B
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