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Effects of Seed Priming with Combined Salt Solution and Salt Irrigation

on the Seed Emergence and Seedling Growth of Spinach
Lei Yao and Taikichi Takano

Summary

The experiment was designed to make clear the effects of seed priming with combined salt (120meq

171, combined salt irrigation (80meq 1), and the mixture of combined salt (12meq 100g~*) and sand on

the seed emergence and the growth of spinach (Spinacia oleracea 1..).

As the main effect, seed priming by osmotic-and matric-conditioning promoted the seed emergence,

seedling growth, and suction force of water.

Other salt treatments did not bring the salt injury to plant. The contents of sugars, proline, and

cations were increased in the seeds primed by osmotic-and matric-conditioning.

Acclimation to salinity at the seedling stage of plant growth is considered to be established by a

method of seed priming treated with combined salt solution.

Key words : seed priming, combined salt solution, salinity acclimation, seedling growth, spinach.

&

T oM coRFErRET 5 —FHkE LT, &
BEEBRE TR ABT 5 Lind h, ol
B2 b h ABEIKSRIR AR E e, Lhd
FEFRMONM LY HABETHE THLENTSC
&N 1960 LR A BTV B, FORER, SR
TR O BBIRE NS WSt S TcoR
FRREDHNE T ERPBMZEIRT VB,

ZhBDOWWRTE, RY =gy a—-n
PE@MEEh 2B ANE N, WO R3S
BT &, BRSERLND Z ERRAMEB LD
ha, PR wlse, BRBERET®-> R
IKAHE-4 B 2 & A priming’ (P94 3 v ) ME
W5 b2 Heydecker i X bR & hi, Z ok
BB BRISY, (BFavFiva=vi)in
FE P8 12 A2 H

it

bbb,

Ebki, Khan® ik % &, FiFORKE @B h
AR B LDERG B D EEOEE (-1
FaFArRET A LIREID BRSBTS,
TAYATHFEER, B<FBshTWB. o)
Bk, BT o-~ Y v 2 L BKSRG 2T
JATHL0C, =tV y 24683 (Y v 22
VF4ra=vy) bubhb,

AR T, TR BRI SHTY wisit
BERAREOMEBNIERN Y 2B 50D, BiE
GlESF L~ bV v 2 RS RPBHLIE TS 4
PVl (Bt Yy ravFioasv
7)) BTV, BELWETORREM TR, Tiob
b A VI SSE R R A RO B
Bly o AR DSBS BB L TERL, o
B Ry vy Yy TR L OSSR 5 2



56

bk o T, HEEAE MRS b e
74 AGRNED L S IBHEh S MR
Lo Ti~Te. T OfER, BT e fisle oy
Ho bk b, MBS T CHEER & BUELME
EERD S &Y LN - T D TEOBRA R
T h i, AMIREHOMT OF PR R -

4 ; ,
o
"‘Mux;g FEE Wﬂ
m N P -

Fig. 1. Diagramatic representation of a method
of seed priming by osmotic-and matric
~conditioning.

Seeds in petri dishes (12 ¢m in diameter)
were incubated in the dark under 10T
conditions.

Seeds (¢) were sandwiched with two
sheets of gauze (b and ) between two
layers of vermiculite (a and e-layer)
containing 10 m/ in a-layer and 12 m/ in
e-layer of salt solution, respectively.
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Table 1. Composition of combined salt solution.

fon Priming® Irrig. ®  Mixture®
% meql? meq I”'  meq 100 g~*
Na* 25 30 20 3.0
Ca** 15 18 12 1.8
Mg* 10 12 8 1.2
S0 25 30 20 3.0
Cl- 15 18 12 1.8
HCO; 10 12 8 1.2
Total 100 120 80 12

Note : (1) gives seed priming. (2) gives irrigation of
combined salt. (3) gives a mixture of salt and sand.
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Fig. 2. Effect of preplant seed priming and a

mixture of salt and sand on the seedling
emergence,
Cont.: control, Mix.: a mixture of salts
and sand, Prim. : seed priming with the
salt solution in vermiculite, Mix. -+
Prim. : treatment of both Mix. and
Prim.

Table 2. Effects of seed priming, salt irrigation, and mixed salt on the growth of spinach.

Symbol of Fresh wt. Dry wt. Drymatter Height Leaf Shape
treatment g g % em  Number Lengthem Width,em L\‘?;,?ﬁf}‘}/
Cont. 4.70 0.56 11.9 13.0 12.3 6.7 4.0 1.66
Mix. 5.44 0.69 12.7 12.9 14.0 6.8 4.3 1.59
Prim. 6.50 0.82 12.6 14.0 17.3 6.8 4,5 1.51
Mix. - prim. 4,98 0.63 12.6 12.7 16.3 6.3 4.3 1.47
Irrig. 5.78 0.69 12.0 11.9 12.7 6.8 4.7 1.43
Irrig. Fmix. 6.01 0.72 12.0 12.5 13.0 7.2 4.6 1.58
Irrig. +prim. 7.30 0.84 11.5 12.1 15.8 6.5 4.3 1.50
Irrig. +mix. +prim. 6.82 0.83 12.2 12.3 16.3 6.5 4.6 1.43

Note : Cont: control, mix. : a mixture of salts and sand, prim. :

vermiculite, irrig : combined salt irrigation.

seed priming by the salt solution in



58

Table 3. Effects of seed priming, salt irrigation, and mixed salt on the content of
carbohydrates, proteins and amino acids in spinach.

Total sugar

Starch

Protein Amino acid* Proline

Symbol of treatment

(mg 100 mg™~* dry wt)

(umol 100 mg™")

Cont. 2.10 1.64
Mix. 2.28 1.7
Prim. 1.73 2.05
Mix, -+prim. 1.79 1.87
Irrig. 2.32 1.74
Irrig. -+ mix. 2.47 1.71
Irrig. +prim. 1.77 1.82
Irrig. -+mix. +prim. 1.71 1.92

6.17 8.02 5.70
6.59 7.50 4.92
7.25 7.80 5.44
6.15 8.11 5.27
6.82 6.60 4.74
7.05 6.45 4,13
7.66 7.00 4.83
6.75 6.87 4.57

% ‘Total amino acids except for proline.

Table 4. Effects of seed priming, salt irrigation, and mixed salt on the
content of mineral nutrients in spinach.

Symbol of N P Mg Ca K Na
treatment (meg 100 g~* dry wt)

Cont. 275.7  8.23 33.8 104.0 136.3 10.8
Mix, 287.1 8.29 34.6 96.3 132.1 18.6
Prim, 312.8 7.61 33.3 97.3 128.1 8.2
Mix, +prim. 271.4 7.65 32.2 90.6 126.1 20.5
Irrig. 266.4 8.13 37.5 72.5 133.7 40.0
Irrig. +mix. 264.3 8.00 39.3 70.5 133.2 43.5
Irrig. “+prim. 300.1 8.62 40.3 79.3 125.7 43.8
Irrig. +mix, +prim. 285.9  7.94 36.8 74.1 123.9  49.3
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Table 5. Effects of seed priming, salt irrigation, and mixed salt on the content of
chlorophylls in spinach leaf.

Symbol of Chla Chlb  Chl (a+b) Chla Chlb  Chl (a+b)
treatment (ug/cm?) (ngeg~* fresh wt)

Cont. 21.43 11.39 32.82 0.93 0.50 1.43
Mix. 21.65 12.31 33.96 0.84 0.48 1.32
Prim. 24.12 14.06 38.18 0.95 0.55 1.51
Mix. +prim. 22.39 12.85 35.24 0.82 0.47 1.28
Irrig. 22.52 12.22 34.74 0.74 0.40 1.15
Irrig, +mix. 19.60 10.37 29.97 0.66 0.35 1.01
Irrig. -+prim. 24 .48 13.27 37.75 0.79 0.43 1.22
Irrig. +mix, +prim. 20,44 11.58 32.01 0.72 0.41 1.13

Table 6. Effect of preplant seed priming on the water content in spinach seeds.

Treat. * Before treat. After treat. (g) Water content
g Wet wt., Dry wt g (6 g seeds)~! g (dw. gseeds)™
Water 6 9.13 5.45 3.68 0.675
Prim. 6 9.47 5.63 3.84 0.682

% Water : seed soaking in water, Prim. : seed priming by salt solution (1).

Table 7. Effect of preplant seed priming on the content of carbohydrates,
proteins, and amino acids in spinach seeds.

Total sugar  Starch Protein  Amino acid  Proline
Treat,*
(mg 100 mg™! dry wt) (umol 100 mg™! dry wt)
Cont. 0.29 9,07 3.6 5.45 1.53
Water 0.28 8.40 3.2 3.39 1.27
Prim. 0.68 7.63 2.0 4.97 2.21

#* Cont.: control, Water : seed soaking in water,
Prim. : seed priming by salt solution (1),

Table 8. Effect of preplant seed priming on the content of mineral nutrients in spinach

seeds.
N P Mg Ca K Na
Treat.* (meq 100 g~ dry wt)
Cont, 15.2 10.3 1.50 13.1 14.2 1.35
Water 15.2 9.3 1.98 11.4 9.9 1.21
Prim. 15.2 12.5 2.38 12.6 12.8 2.07

* Cont. 1 control, Water : seed soaking in water, Prim. : seed priming by salt solution (1).
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