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ABSTRACT : This study was carried out to select new pelleting binder and material for seeds from Fraxinus rhynchophylla
Hance and Alnus sibirica Fisch. ex Turcz. The optimum treatments of the various concentrations and species of priming
agents to improve seed germination of both woody medicinal plants were also estimated. Germinability was increased when
the seeds of Fraxinus rhynchophylla Hance was soaked in -1.0 MPa of PEG6000 solution at 15C for 4 days significantly, the
optimum treatment for improving germination of Alnus sibirica Fisch. ex Turcz was observed when the tested seeds was
soaked in 100 mM of KCl at 15C for 4 days. The influence of physical and chemical properties of pelleting solid materials,
the mixture of gypsum, diatomaceous earth, dalma ceramic and vermicuolite (6:1:1:1 ratio) were found as the best pelleting
materials for Fraxinus rhynchophylla Hance and Alnus sibirica Fisch. ex Turcz. seeds. To satisfy the requirements of absorp-
tion and compatibility for multi-layer seed pelleting, SGPA (Starch-grafted cross-linked polyacrylates) hydrogel was pre-
pared using starch, acrylonitrile, ceric ammonium nitrate, nitric acid, methyl alcohol and potassium hydroxide. The
resulting SGPA hydrogel showed high water absorption but not plant compatibility. It suggested that seed pelleting using
pelleting materials and SGPA hydrogel (multi-layer coating) after priming agent treatment is to increase germinability and
seedling growth and it can reduced irrigation labours and can also save seed.
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Table 1. Germination percentage (GP) and germination rate (GR) from Fraxinus rhynchophylla Hence seeds primed in different
concentrations and priming agents for four days at 15 C or 20 C.

Fraxinus rhynchophylla
Seed treatments*** 50 0T
Priming Concentrations Germination Germination Germination Germination
agents (mM, -Mpa) percentages (%) rates (%) percentages (%) rates (%)
Control 38.6+4.5" 34.46+3.4° 39.7+3.2° 36.264.7%%*

100 26.4+5.2° 27.5+5.24 24.6+4.1¢ 29.6+4.0¢

Ca(NO3), 150 24.4+3.9 23.6+3.7¢ 26.0+3.3¢ 22.4+5.14
250 27.6+6.5" 26.9+4.6° 27.1+4.2°¢ 24.6+5.1<

100 28.2+5.9" 27.0+3.94 26.5+3.7 28.0+6.1°

KNO, 150 21.2+8.6° 20.6+5.2¢ 15.6+2.1¢ 18.6=3.2¢
250 15.2+2.1¢ 17.6+6.3° 12.6+5.2¢ 13.7+2.8¢

100 34.6+5.8" 35.2+2.9° 33.6+4.2° 35.6%3.4°

MgSO, 150 35.0+6.2° 33.0+3.1° 33.2+3.1° 31.5+3.5¢
250 38.2+8.6" 35.6+4.9° 35.6+3.7" 32.1+5.0°

100 36.6+3.9" 34.2+4.2° 34.0+4.2° 31.1+3.2¢

NaNO; 150 34.1+2.3b 33.5+3.3¢ 33.5+3.4" 30.6+2.9
250 33.1+3.1° 33.1%4.1¢ 33.6+3.7° 29.7+2.9¢

100 37.6+4.9° 32.0%5.1¢ 38.6+4.7° 28.1%3.0°

KCl 150 34.2+5.2° 31.8+3.8° 34.6+4.9" 29.8+2.2¢
250 36.7+3.1° 32.6+2.9° 36.0+5.2° 31.5+3.6°

100 31.0+1.2° 29.8+4.2° 30.9+4.2" 23.1+4.29

K;PO, 150 38.6+6.3" 35.3+3.3¢ 35.4+3.4" 31.7%3.5¢
250 34.1+6.8" 33.9+4.5¢ 33.8+3.7° 33.2:£2.9

100 34.2+5.6° 33.1+3.2° 33.0+3.0° 31.7£5.1¢

NH,NO, 150 35.1+5.4° 34.0+3.1¢ 34.6+2.1° 33.6+4.4°
250 34.6+3.7° 33.2+3.8° 35.2+1.2° 33.0+2.1¢
-0.75 45.1+3.7% 44.8+2 5 43.6+5.2° 43.6+2.1%

_ a a a a

hy t26madh ey 20034 BySey
-1.75 32.8+2.1° 41.0%3.2" 31.6+4.4" 28.6+2.2°

*Value marked by different letters in each row are significantly different (p<0.05).

**Data are Mean=SD of the three replication of 50 seeds.

***Seed were dark-primed at 15 and 20C for 4 days and dark-germinated at 20C for up to 10 days.
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Table 2. Germination percentage (GP) and germination rate (GR) from Alnus sibirica Fisch seeds primed in different concentrations and

priming agents for four days at 15 Cor 20 C.

Seed treatments***

Alnus sibirica

15C 20 C
Priming Concentrations Germination Germination Germination Germination
agents (mM, -Mpa) percentage (%) rate (%) percentage (%) rate (%)
Control 22.6+3.3° 19.6+1.7° 23.6+2.8° 20.6+3.17°¢
100 15.6=2.9¢ 14.5=1.0¢ 13.6x=1.79 13.2+1.99
Ca(NOs), 150 14.2+2.2¢ 13.2+3.1¢ 14.6+4.1¢ 11.2+1.8¢
250 12.3+4.5¢ 11.9+4.2% 11.3%2.44 10.6+2.7¢
100 23.5+4.1°¢ 22.6+3.2¢ 22.0+3.2¢ 23.6+4.1¢
KNO; 150 22.6+2.9° 21.6+3.8° 20.9+1.9° 19.6+2.8¢
250 18.6+3.3¢ 15.6+3.7¢ 15.6+2.3¢ 14.2+4.14
100 22.5+2.9° 20.1*5.1¢ 20.6+2.9° 19.6+1.9
MgSO, 150 22.4+3.8¢ 20.6%3.0¢ 21.4%4.1¢ 19.5%1.6°
250 22.6+2.7 20.3+4.3¢ 20.3+2.8° 19.3%1.1¢
100 15.6+1.69 15.3%3.59 15.2+3.7¢ 12.3+2.89
NaNO, 150 12.6+3.44 12.3+2.6% 10.3+4.1° 9.6+2.1°
250 11.6+2.8¢ 9.5+2.7% 10.0+3.6° 9.5+2.4°
100 36.3+2.1° 35.2+3.1° 34.6+3.2° 33.6x2.1°
KCl 150 48.2+2.9° 46.3+3.2° 46.6+3.5° 43.9+1.5
250 40.1+3.4% 39.6+4.2% 41.6+2.8" 39.8+3.2%
100 21.6+3.8° 20.5+3.3¢ 22.3+2.7¢ 20.5+2.8°
K3PO, 150 23.6+2.6° 23.6+2.0° 22.1%2.9 20.1+1.9
250 22.4+2.4¢ 20.1%3.6° 20.9+3.1¢ 19.6+2.8°
100 22.6+2.6° 22.2+5.1° 20.7+4.1°¢ 18.6%1.7
NH4NO; 150 19.6+5.2¢ 18.5+2.4° 18.2%2.5¢ 17.5%3.1<
250 18.6+3.4 18.6%1.7¢ 17.6%2.9% 16.2+2.8%
-0.75 Mpa 30.6+4.1 30.0+2.7 30.1+3.0° 24.6+4.5°
PEG-6000 -1.0 MPa 28.1%5.7" 29.6i1.8*: 30.2¢2.8E 28.5+3.1¢
-1.5 MPa 25.6+2.2° 29.4+3.3 30.5+2.5 26.4+3.3¢
-1.75 MPa 20.4%3.0¢ 20.0£2.0¢ 30.5%3.5" 27.5%2.8¢

*Value marked by different letters in each row are significantly different (p<0.05).

**Data are Mean=SD of the three replication of 50 seeds.

*#*Seed were dark-primed at 15 and 20 Cfor 4 days and dark-germinated at 20 Cfor up to 10days.
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Aglet 497t o gogt Holg-S el WobA] oA
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olxy 54 AFEF S VKAl sh= PEG 6000 A= 3
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A= (Ismaiel er al, 2005), °|&% o|fi= PEG7} E4
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71 (McDonald, 2000) EA}2] vlZ 23 FFER] oA
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EFULRE 2 EQEurolla Zetoly A wolgo] 54
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F3o =M 5282 X ALY (Brocklehurst and Dearman,
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Aol F7t=o] Al 28-S W3l (Haigh and Barlow,
1987)sh= Zlog A7te|oixict,
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Fig. 1. Effect of seed priming on seed germination in Fraxinus
rhynchophylla Hence and Alnus sibirica Fisch. Left
pannel; Fraxinus rhynchophylla Hence, (A) Control (not seed
priming), (B) Seed priming by PEG-6000 at concentration of
-1.0 Mpa, Right pannel ; Alnus sibirica Fisch, (A) Control (not
seed priming), (B) Seed priming by KCl at concentration
of 100 mM.
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Table 3. Physical and chemical characteristics of pelleted seeds prepared with various coating materials in Fraxinus rhynchophylla Hence

and Alnus sibirica Fisch.

. . N Pellet Breaking Hardness Extracted
Coating materials Mix ratio*** pellets after solution*
shape absorption** (ke) pH EC
Zirconium silicate (Z95) - + 0.24=+0.08 7.0 0.2
Pagodite (P) - + 0.75+0.12 7.2 0.1
Mono Bentonite (B) + - 5.20%0.51 7.8 2.8
Diatomaceous earth (DS) + - 0.28+0.07 6.6 0.2
Zeolite (Z) + - 0.27%0.05 8.6 5.1
Gypsum (C) ++ ++ 4.19+0.05 6.6 25
G+DS 1:1 + ++ 0.47+0.06 6.0 2.4
G+Vermicuolite (VM) 1:1 + ++ 4.42+0.03 6.7 2.5
G+Dalma ceramic (DC) 1:1 + ++ 3.75%0.06 6.1 2.4
Mix G+DS+DC 1:1:1 + ++ 3.03+0.08 6.6 2.5
G+DS+DC+VM (AM) 6:1:1:1 ++ ++ 1.58+0.02 6.5 2.5
(AM)+starch grafted cross-linked o
polyacrfllates (SGPA) SGPA, 1.5% ) ) ) i i
Multi-layer (AM) +**%%£SCPA SGPA, 1.5% ++ ++ 1.48+0.06 6.1 2.4

*Extract was obtained by filtering a mixture of the coating material and water (1:5),

**Breaking pellets after absorption

: (-) Not broken, + Cracked, ++ Well broken,

***Pellet shape: (-) Rough surface, (+) Smooth surface, (++) Very smooth surface,
#*E¥Multi-layer seed pellet: Second pelleting by SGPA coating after pelleting using optimal coating material G+DS+DC+VM (AM).

Table 4. Shape formation and hardness of pelleted seeds depending on binders in Fraxinus rhynchophylla Hence and Alnus sibirica Fisch.

Binders Arabic gum (8%) PVA (3%)** CMC (1%)*
Pellet Shape****  Hardness (kg) Pellet Shape Hardness (kg) Pellet Shape  Hardness*** (kg)
Selected Coating
Materials ++ 1.36=0.04 + 0.98+0.07 + 1.21+0.08
(AM)+***£5SCPA

*CMC, carboxy methyl cellulose;
**PVA, polyvinyl alcohol;
***Hardness indicates a breaking point at 1 kg pressure;
*#%%(-) Cracked surface, (+) Rough surface, (++) Smooth surface;

#HEkMulti-layer seed pellet: Second pelleting by SGPA coating after pelleting using optimal coating material G+DS+DC+VM (AM).

] pH, EC 5°] ePg#elojr S A|x2] vEA 5=
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o 2% =5t A FEd =eske 548 vepiitke
A7} (Lee and Park, 2000)°] R} fARSIGATE gt {51
HEEAETAE R E (6:1:1:1)0] o 7] A
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EFE U 2 UTE OoE sl SRS Alx
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oni After pelleting, sizing
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and drying
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dispersion and coating of
material by rotating and
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rhynchophylla
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sibirica
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Fig. 3. Effect of multi-layer seed pellet using starch grafted cross-
linked polyacrylates (SGPA) hydrogel on seed germination
and growth in Fraxinus rhynchophylla Hence. All planlet
not irrigated for 80 days after seed sowing, (A) Control (bare
seed), (B) Multi-layer seed pellet using starch grafted cross-
linked polyacrylates (SGPA) hydrogel.

A3} (Chung et al., 20072 sk 49 EFduet 7+
< HE Aoks AN oR st At sk 79 SGPA
hydrogele] 2zt € FARLIS o&shA =W ol L A
ol 3lo] HgdE FRAE FAE & JaL AT 5= o]
g Rk oplz} A= 2

PPN 5 9 ow AzEr.
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zirconium silicate, pagodite, IEWO|E 7FX&E, ASTjolE,
A3l 5o GEAEE AxE FAREYES] Wols 9 Wol
© BTl 30%1A 10%714] dEALe] dolgrTh
sigkon, 53] HWlEUo|EdMe Wolgo] 4.7%, WolAl7t
20%Z =53] WU HAHTEE 5 2% SRS Bot
&2 31-38%% SEARS] AREET ESkou AY 4+ 4t
E +gupEty] + wuEeo|ES] SR E Wols ¥
oAl 7k At FAFIAl 242 38.6%, 29.7%= =3O
ol ET dubgxlel -2 12Yo]tt. gt A 3] 954
Hol| FEFAE #3l starch grafted cross-linked polyacrylates
(SGPAYE °lzo 2 IS e TAEI M= TR}t
frAkeh Wolg 3t WolEk e s YRRt B Zetold A
& T3l HA + RE + ErEfY + HujEEelEL] &
IAEE AYslst & SGPAS o83l AxH tsF T4
el Wolgo] YFAol| Hslo] 2uf) o]Fe] Wolga} ot
A YERIASL HolbE® LEAke} FAFSITE (Table 5).

EEe] Ao dEAIERE AxH TAYe] 2
o} WolM| 7} AFA Hlgte] 12 FFO=E Ao
2% T EES] Wolgd HEAIEHT E2 Wolg-S UE
ylowt AR ErdupAlgeHuEeto| ES] AR
o] Eoll HIXA] Zsiinh. Zeto|d AElE st &
AMEZ FYslst T SGPAE ol&3st Axs tss T4

Table 5. Effect of optimal priming and seed pelleting on germination percentage (GP), germination rate (GR) and number of days to attain
50% of the final germination percentage (Tso) in Fraxinus rhynchophylla Hence and Alnus sibirica Fisch.

Fraxinus rhynchophylla Hance Alnus sibirica Fisch

Coating material Mix ratio GP GR Tso GP GR Tso
(%) (day) (%) (day)
G+D5+DC+VM G+DS+DCHVM=6:1:1:1 38.6+1.6" 29.742.7° 13  264+2.8" 202+1.6" 14

(AM)
p’:[?,]t":rgezltg‘ﬁt G+Dszg§:\m;6m” 376+23% 31.6+3.1° 12 21.8+12" 19.8+23" 14

Priming agent (PEG6000 -1.0
(AM)+SGPA . 5 a8
Prgzg;ﬁfegft”t c +ISASPi/DKgL1\/(I)\(/\):16Aﬂ)-1-1 75.6%2.1% 68.9+3.7° 12 563+2.4% 486+31° 14
SGPA, 1.5%

Control Bare Seed 38.6+5.9° 34.4+72° 12 22.6=*6.5" 20.6=64°> 14

*Value marked by different letters in each row are significantly different (p<0.05). Data are Mean=SD, n=3.

Table 6. General growth characteristics of the aerial part between bare seed and seed pellet by 30 days and 60 days after sowing dates in

Fraxinus rhynchophylla Hence.

Days of Growth 30 days 60 days
- Plant height Number of leaf area Plant height Number of leaf area
Characteristics ‘ ‘
(cm) leaves (cir) (cm) leaves (cir)
Priming treatment+(AM)+SGPA 24.8+0.5%* 8.5+2.3% 35.6+2.6%* 29.8+0.9%** 10.5+0.9%* 35.2+2.6%*
Control 16.3+2.6 6.4+3.6 12.7+5.6 18.5+2.3 6.8+0.5 15.2+3.8
(Bare Seed)

* and **; significant at the 5 and 1% levels of probability, respectively.
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Table 7. General growth characteristics of the aerial part between bare seed and seed pellet by 30 days and 60 days after sowing dates in

Alnus sibirica Fisch.

Days of Growth 30 days 60 days
- Plant height Number of leaf area Plant height Number of leaf area
Characteristics ; ;
(cm) leaves (cm) (cm) leaves (cm)
Priming treatment+(AM)+SGPA ~ 13.6+1.2"™ 3.6+0.7% 15.3%0.7%* 20.1+1.9% 4.0x1.1% 17.2£1.7%*
Control (Bare Seed) 12.6x0.8 24x1.2 8.9+14 18.2%1.9 2.9+0.7 10.2+1.8
™, * and **; not significant, significant at the 5 and 1% levels of probability, respectively.
(A) (B)
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Fig. 4. Comparison of fresh weight of seedling from bare seed and seed pellet by 80 days after sowing in (A) Fraxinus
rhynchophylla Hence and (B) Alnus sibirica Fisch. Mean of with same symbols are not significantly different at P<0.05 level.

(A) ®)

(A)

(B)

Fig. 5. Comparison of germination (left pannel) and seedling growth after sowing for 60 days (right pannel) on (A) bare seed and

(B) seed pellet in Fraxinus rhynchophylla Hance.

Wolgo] AFAtel Hlste] 2ul] o]de] wolg ) oA
YeRHSITh [Table 5, Fig. 5(A)].
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