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Table 1. Hormones and their Components in different Levels

E s TDZxGA TDZxBA GA x BA
Hormone Combination

(Ysossfed) oympgp el 1pz GA TDZ BA  GA  BA

Hormone Level (um)
1 4€ 80 4 5 80 5
2 4 100 4 10 80 10
3 4 120 4 15 80 15
4 6 80 6 5 100 5
5 6 100 6 10 100 10
6 6 120 6 15 100 15
7 8 80 8 5 120 5
8 8 100 8 10 120 10
9 8 120 8 15 120 15
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PSS 4 SAS ver.9.1 (SAS Institute Inc. 2006)
5 ver.20 (IBM Corporation Released, 2011)
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10Seedling Vigor index
1Seedling Fresh Weight index
12Seedling Dry Weight index
3Least Significant Difference
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Table 2. Analysis of variance of seed germination and related traits of different ecotypes and hormone combination and different hormone levels

S Slas e uSleo

S r*’“fc’:*-“ " 6¢)d;?)¢ Mean Square of Trait
ource of variation SL SFW SDW TPG SVI SFWI SDWI
Eﬁ"' 2 28.11ns  8307.08**  2.79ns  3638.27** 11488189.53** 63364835.01**  360295.26**
cotype
i sST1S5
R l'wt'; )}?t 6 96.38ns 243.60ns 10.22ns 94.65ns 837931.89ns 566910.58ns 80582.58ns
eplication x Ecotype
" 0509 ‘“lff i 2 4810.17**  675.09ns  19.38ns  504.94%*  27483471.64**  5149888.25ns  69310.02ns
ormone comoination
H&')")"”f‘“’l 8 373.44*%*  917.39ns  10.3Ins  777.78**  7173005.36**  15647696.31*%*  149747.76*
ormone 1eve
: x ¢ S
" “’“”‘”i}_““f“’”’l’: ’1 1 16 229.60%*  1408.36**  10.52ns  436.88**  3783166.03**  16597887.76**  111718.53ns
ormone combination x ormone Ieve
150358 S 5 X oS
- el 'l;.’ti ;5 - 4 453.60%*  1480.41*  632ns  115.43ns  6070383.55**  18519183.41**  67830.99ns
ormone combinationx ECO &
SeSTx -
. "‘t"’s I:””’“ @T | 16 90.77ns 783.90ns  4.44ns  229.94**  1562402.39* 8898743.85* 54230.23ns
cotype x Hormone leve
. x - S 5 X cwieS]
D509 T X D339 = _"‘"’S 32 72.91ns 770.09* 7.60ns  267.52%*  1576125.29%  6059606.16ns  48980.78ns
Hormone level x Hormone combination x Ecotype
E”"' 155 86.28 485.50 8.44 80.97 883636 4232565 67131.64
ITor
o gl R2 0.98 0.97 0.86 0.99 0.97 0.96 0.90

Adjusted R Squared

ns, *, ** Not Significant and significant at 5% and 1%, respectively.

1Y 510 Joiml mhaw )0 s cse g )lo gixe i g % NS
St 39 el SDWI azals 39 pas s « SFWI tazmals ey o5l SVI ¢ Gjdilas IS w0 TPG tazals Sis (59 SDW taxals 59 SFW tazals Job SL

SL, Seedling Length; SFW, Seedling Fresh Weight;SDW, Seedling Dry Weight; TPG, Total Percentage of Germination; SVI, Seedling Vigour Index; SFWI,
Seedling Fresh Weight Index; SDWI, Seedling Dry Weight Index.
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Table 3. Mean Comparison of Ecotype x Hormone Combination X Hormone Level for Seedling Fresh Weight, Total percentage of germination and

Seedling Vigor Index
s 509 S (Ecotype) oS
Level Hormone (Kerman- Khabr) ,.5 -\l ,S (Semnan) ;Lo (Hormozgan) 5 ;. ,»
Component ~gpw (gr) TPG (%) SVI SFW(gr) TPG (%) SVI SFW(gr) TPG (%) SVI
TDZ x GA 97.67 f-s 83.33 a-e 4900.0 d-r 90.0 g-t 80.0 b-f 4350.0 f-t 88.0i-t 90.0 a-d 4410.0 e-s
1 TDZ xBA  120.33 b-j 60.00 g-i 2920.0 r-u 123.7 b-h 90.0 a-d 4710.0 d-r 90.0 g-t 86.7 a-e 3943.3 j-t
GA x BA 88.33 h-t 53.33 h-j 33733 n-t 85.0 j-s 96.7 ab 5616.6 b-1 105.3 cq 80.0 b-f 5750.0 b-j
TDZ x GA  104.67d-q  86.67 a-e 4780.0 d-r 116.3 b-k 76.7 c-g 3906.6 j-t 62.0t 93.3 abc 4143.3 h-t
2 TDZ xBA  108.67c-0  73.33d-g 3763.3 j-t 105.3 c-q 90.0 a-d 4370.0 f -t 94.8 g-t 833 a-e 3383.3 n-t
GA x BA 78.00 m-t 80.00 b-f 4960.0 d-q 89.0 g-t 70.0 e-h 3973.3 i-t 82.7 k-s 96.7 ab 5426.7 b-m
TDZ x GA 94.67 g-t 83.33 a-e 4673.3 d-r 77.5 m-t 90.0 a-d 5116.6 d-q 91.3 g-t 93.3 abc 5226.7 c-o0
3 TDZxBA  107.00c-p  83.33 a-e 4620.0 d-r 88.7 g-t 96.7 ab 4683.3 d-r 82.5 k-t 86.7 a-e 4098.3 i-t

GA x BA 147.67 ab 80.00 b-f 53433 c-n 112.3 b-m 93.3 abc 5953.3 b-i 102.0 e-r 90.0 a-d 53333 c-n
TDZ x GA 13933 a-d  80.00 b-f 4906.7 d-r 109.3 c-o0 96.7 ab 5240.0 c-o 100.7 e-r 86.7 a-e 4636.7 d-r
4 TDZ x BA 130.67 a-f  80.00 b-f 4370.0 f-t 134.3 a--e 86.7 a-e 5070.0 d-q 75.7 n-t 80.0 b-f 3813. 3j-t
GA xBA 97.33 f-t 70.00 e-h 44333 e-s 120.3 b-j 86.7 a-¢ 6413.3 a-e 93.3 gt 86.7 a-¢ 6166.7 b-g

TDZ x GA 88.67 g-t 70.00 e-h 4036.7 i-t 87.7 i-t 90.0 a-d 4593.3 d-r 72.0 p-t 90.0 a-d 4470. Oe-s
5 TDZ x BA 93.67 g-t 76.67 c-g 3593.3 m-t 1633 a 93.3 a-c 5630.0 b-1 82.2 k-t 96.7 ab 4843.3d-r
GA xBA 90.00 g-t 80.00 b-f 4186.7 h-t 100.7 e-r 96.7 ab 6300.0 a-f 93.7 g-t 93.3 abc 5966.7 b-i
TDZ x GA  110.33 c-n 46.67 ij 2540.0 stu 102.7 e-r 96.7 ab 5676.7 b-k 91.7 g-t 93.3 abc 4913.3 d-r
6 TDZ x BA 71.33 g-t 90.00 a-d 4110.0 h-t 80.3 1-t 86.7 a-e 3666.7 1-t 97.3 f-t 83.3 a-e 3153.3 g-t
GA x BA 120.33 b-j 83.33 a-e 6116.7 b-h 132.3 a-f 80.0 b-f 4563.3 e-r 108.3 c-o0 100.0 a 82333 a
TDZ x GA  105.67c-q 8333 a-e 5410.0 c-m 133.3 a-e 93.3 abc 5720.0 bj 87.7 it 86.7 a-e 5013.3 d-q

7 TDZ xBA  106.33c¢c-q  70.00 e-h 3190.0 g-t 119.7 b-j 833 a-e 4070.0 i-t 95.0 g-t 90.0 a-d 3780.0 j-t
GA xBA 104.33d-q  76.67 c-g 4720.0 d-r 109.0 c-o 86.7 a-¢ 5553.3 b-m 112.7 b-m 93.3 a-c 7430.0 ab
TDZ x GA  113.67 b-1 80.00 b-f 4176.7 g-t 93.0 g-t 93.3 abc 5166.7 c-p 92.3 g-t 90.0 a-d 4615.0 d-r
8 TDZ x BA 89.00 g-t 90.00 a-d 3960.0 i-t 124.0 b-g 86.7 a-e 4613.3 d-r 85.2j-t 90.0 a-d 4200.0 g-t
GA x BA 87.67 i-t 73.33 d-g 4210.0 g-t 122.0 b-i 93.3 abc 7136.7 a-c 93.7 g-t 86.7 a-¢ 6573.3 a-d
TDZ x GA  100.00 e-r 83.33 a-e 4236.7 g-t 112.3 b-m 80.0 b-f 4506.7 e-s 74.3 o-t 833 a-e 44533 e-s
9 TDZ x BA  140.67 a-c =~ 73.33 d-g 3566.7 m-t 118.3 b-j 833 a-e 3710.0 k-t 64.7 s-t 86.7 a-e 3290.0 o-t

GA xBA 88.00 i-t 53.33 hj 2366.7 tu 67.5 -t 30.0j 11100 u 85.3 j-s 63.3 fi 3370.0 n-t
LSD 5% 35.65 14.53 1520.8 35.65 14.53 1520.8 35.65 14.53 1520.8
LSD 1% 47.06 19.18 2007.8 47.06 19.18 2007.8 47.06 19.18 2007.8

azelS o jasls SVI e Sjailex JS ao,s TPG (g X 10-4 ¢35 v ) azalS 556 SFW
FW, Fresh Weight (g x 104); TPG, Total Percentage of Germination; SVI, Vigour Index
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Table 4. Comparison of means of Ecotype x Hormone Level for Seedling Fresh Weight Index

b SFWI
Level Ge2)pless Ol OB e
Kerman(Khabr) Semnan Hormozgan
1 6671.11 ij 8953.33 bedefg 8086.67 defghi
2 7803.33 defghi 8190.00 defghi 7208.33 ghij
3 9475.56 abcde 8704.44 cdefgh 8251.67 defghi
4 9547.78 abed 10775.56 ab 7617.78 efghij
5 6805.56 hij 10994.44 a 7717.78 defghi
6 7354.44 fghij 9166.67 abcdef 9136.67 abcdef
7 8006.67 defghi 10603.33 abc 8931.11 bedefg
8 7781.11 defghi 10266.67 abc 8049.44 defghi
9 7728.89 defghi 7735.00 defghi 5721.11
LSD 5% 1920.2 1920.2 1920.2
LSD 1% 2535.1 2535.1 2535.1

Seedling Fresh Weight Index

5 033 69> 1y b iy TDZXBA igej3 oS 5
Cils o edsST o (AVOFAYEIX) - F) aal S

(F Jgo=)

aals 5 i pasls SFWI

Sl 03 S5 xS ke awslie

o ol plas azalS 5oy 5 azelS Jsb olio
Cho 59y Sl oy o GAXBA Jige 90 S 5
5 ol (B2 GudsST ,s (PAl-YMM) azals Jobo

4zl 5 (39 9 azlS Jsb Olio 6l p (19098 g x S Jilite 1 (nSileo Lo -0 Jgur
Table 5. Mean Comparison of Hormone Combination X Hormone Level for Seedling Length and

Seedling Fresh Weight
TDZxGA TDZxBA GAxBA
SL (mm) SFW(gr) SL (mm) SFW(gr) SL (mm) SFW(gr)

1 54.11cdefgh 91.89bcd 48.50fghi 111.33abc 64.33abc 92.89bed

2 50.11efghi 94.33abed 46.83ghi 102.94abcd  58.33bcdef 83.22d

3 56.22cdefg 87.83cd 50.39efghi 92.72bcd 63.67abcd 120.67a

4 56.00cdefg 116.44ab 53.67cdefgh 113.56abc 69.78ab 103.67abed

5 52.78defghi 82.78d 52.50defghi 113.06abc 60.67abcd  94.78abcd

6 54.89cdefgh  101.56abcd 41.891 83.00d 71.00a 120.33a

7 60.67abcde 108.89abced 45.50ghi 107.00abed 68.22ab 108.67abcd

8 52.83defghi 99.67abed 47.89fghi 99.39abced 69.89a 101.11abed

9 53.67cdefgh  95.56abcd 43.56hi 107.89abced 44.75ghi 81.87d
LSD 5% 8.68 8.96 8.68 8.96 8.68 8.96
LSD 1% 11.46 27.15 11.46 27.15 11.46 27.15

(8% 10765 o ) azalS i3 SFW sGin e o ) aalS Jobo SL
SL, Seedling Length (mm); SFW, Seedling Fresh Weight (gx10).
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Table 6. Comparison of means of Ecotype x Hormone Combination for Seedling Length and Seedling

Fresh Weight Index
35S ““5)’ . SL (mm) SFWI
Ecotype Combination
rdess TDZ x GA 56.26bc 8267.78bcd
0 TDZ x BA 48.89de 8180.74bcd
Kerman(Khabr) GA x BA 60.59b 7276.30d
s TDZ x GA 55.52bc 9053.70ab
© TDZ x BA 50.76¢cd 10461.85a
Semnan GA x BA 60.63¢ 8756.92bc
1. TDZ x GA 51.98¢cd 7538.89¢cd
o= o8 TDZ x BA 43.93¢ 7415.00d
Hormozgan GA x BA 68.07a 8619.63bcd
LSD 5% 5.01 1108.4
LSD 1% 6.62 1463.4

azalS 559 el SEWL i(tehoe o) amals Jsb SL
SL, Seedling Length (mm); SFWI, Seedling Fresh Weight Index.
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Figure 1. Comparison of Seedling Dry Weight Index mean in different
ecotypes of Hormone combination
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Figure 2. Comparison of Dry Weight Index mean at different levels of Hormone combination: Base on
table 1 detected 1-9 levels. Hormone levels 4 and 5 have the greatest impact on Seedling Dry Weight
Index and were in a class.
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Abstract

To study the effect of different hormone combinations on breaking dormancy and germination of
Black Zira, 27 treatments consisted of three hormone, gibberellic acid (80, 100, and 120 um),
Thidiazuron (4, 6 and 8 um) and benzyl adenine (5, 10 and 15 pum). Factorial experimental with three
replications in a randomized complete block design was carried out. Seedling length, seedling fresh
weight, seedling dry weight and the total percentage of germination were measured and seedling vigor
index, fresh weight index, and dry weight index were calculated. Analysis of variance showed the
significant differences between the effect of ecotype x combination X Hormone level for fresh weight,
total percentage of germination and vigor index. Comparison of means for ecotype x combination x
level effect showed the total percentage of germination and vigor index were highest for sixth level of
GA x BA combination in Hormozgan ecotype and fresh weight was highest for fifth level of TDZ x
BA combination in Semnan ecotype. Mean Comparison of ecotype effects showed that the dry weight
index was the highest in Semnan ecotype and the Mean Comparison of level effects showed that the
dry weight index was highest in fourth levels (6 pm TDZ and 5 pum BA and 100 pm GA). The result
showed that hormones levels and combinations were suitable for seed germination in this experiment.
Hormozgan ecotype had the best germination at GA X BA combination.

Key words: Benzyladenine, Breaking seed dormancy, Bunium persicum, Gibberellic acid,
Thidiazuron.
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