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P.nigra ,a an g gjalsr sloasls Slalxs Jge,s - Jguor
Table 1. Formula of seed germination and vigor of P. nigra

Ak - Jse s

Parameters References Equations
Germination percentage (Barnett & Vozzo, 1985) GP=n/(Nx100)
Germination rate (Muscolo et al., 2007) GR= Y (ni/ti)
Germination energy (Muscolo et al., 2007) GE= Mcgr/(N x100)
Vigor index (Abdul-Baki & Anderson, 1970) SRy

0l ailS gla,dy slaws =Nl aseie Sloj alols G 50 0ojalez (sla,d olows =01 w0yg0 o 40 00jails> slo,ds IS slows =D

azady; Job =Rl 5 azasle Jsb =SI g5alsz £9,5 5l om slagg, slass = th wsjailszr slayds oroxs a0, ooy 3SLe =Mogr
n= total number of germinated seeds during the germination test, ni= number of germinated seeds on
day ti, N= number of seeds sown, Mcgr= maximum of cumulative percentage germination, ti = the
number of days during the germination period (between 0 and 40 days), SL= shoot length and RL= root
length

Table 2. Analysis of variance of seed germination and vigor of P. nigra under seed storage temperature, type and
concentration of hormones, and their interaction

. S (3
S g @bl az)o 54l Siler Cepm Gyl 008 azalS Job lr ah el
Source of  Degree of Germination Germination Germination  Seedling i Vigor
variation freedom  percentage rate energy length Seedling index
dry weight
Seed Storage ns ns ns ns ns ns
temperature 1 1.369 0.676 0.235 0.77 3.426 0.226
Hormone 1 1.829" 0.007™ 2.723™ 0.445™ 1.203" 1.743"
Type (T)
Hormone 3 35.599" 16.02" 31.053" 112.19% 41993 102.74"
concentratio
(S) x (T) 1 8.009" 47.55%* 15975 935" 4.964" 16.817
(S) x (H) 3 0.456™ 0.325™ 0.232™ 0.22™ 1.794™ 0.721™
(T) x (H) 3 0.72" 0.236™ 3.241% 0.402™ 3.339% 1.002™
(S) X (T) x Kk k% k% k% ok k%
(H) 3 23.523 27.588 37.742 50.116 22.75 32.593
Error 32 22.76 0.130 18.670 47.882 28.607 0.001

% NS

Lol o0 g ) b (o o Silie G NS 09 S0 ime g 0 e M pas i i 4 FF G ¥,
" ** and * respectively, non-significant and significant at 1 and 5 percent of probability level
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Table 3. Means results of seed germination and vigor of P. nigra under effects seed storage temperature, type and

concentration of hormones

. . . S 59 "
opdgles s 03298 &l Gz oo (Galr opd el b o>l
e e 2 05 ko) (22,9) Gy 5 3 (22,) Gader 00 asi
() ’
Seed Hormone L Germination Germination  Seedling Scedling .
Hormone . Germination dry Vigor
storage Tvpe concentration (Percentage) rate energy length weisht index
temperature P (mg 17 g (seed/day)  (percentage) (mm) (grg)
0 53.8f 3.7b 40.52¢g 104.63¢ 0.13g 56.3f
(1.12) (0.12) (0.28) (4.8) (0.01) 2.2)
50 68.02cd 4.59a 49.38ef 137.8¢c 0.17efg  93.82bc
GA (3.42) (0.29) (2.96) (1.4) (0.008)  (4.54)
} 100 69.13bed 4.66a 58.21bcd 139.3bc 0.22de 96.4b
(1.3) (0.22) 3) (1.84) (0.02) (1.09)
) 200 81.57a 5.26a 67.47a 141.3abc  0.31ab 115.4a
Stfo'rage m (1.72) (0.21) (2.7) (3.16) (0.02) (1)
refrigerator
temp%:rature 0 53.8f 3.7b 40.52¢g 104.63e 0.13g 56.3f
(1.12) (0.12) (0.28) (4.78) (0.01) (2.22)
50 78.16a 4.88a 63.74ab 149.87a 0.36a 117.3a
BAP (2.74) (0.18) (1.77) (1.85) (0.02) 2.7)
100 62.7de 3.8b 43.75fg 131.87¢ 0.25cd  82.83cd
(0.46) (0.2) (1.49) 0.9) (0.03) (0.1)
o 54.82¢f 3¢ 39.39¢ 113.67de  0.2def  62.19¢f
(4.31) (0.12) ) (3.3) 0.01)  (3.67)
0 51.49f 3.75b 40.67g 106.9¢ 0.16fg 55.08f
(2.02) (0.22) (1.9) (4.29) (0.01) (2.6)
50 74.53abc 4.83a 60.8abc 148.83ab  0.29bc  111.23a
GA (2.96) 0.2) (2.36) 2.4) (0.01) (5.57)
} 100 64.07d 3.52bc 53.91cde 133.63¢ 0.29bc  85.92bc
(2.33) (0.8) (1.61) 3) (0.03) (4.96)
) 200 60.4def 2.9¢ 42.67fg 120.2d 0.22de  73.18de
Storage in (6) (0.34) 6) 4.1) (0.01) (9.48)
room
temperature 0 51.49f 3.75b 40.67g 106.9¢ 0.17efg  55.08f
(2.02) (0.22) (1.9) (4.3) (0.01) (2.6)
50 64.16d 4.59a 51.78de 138.4c 0.21def  89.65bc
BAP (2.87) (0.24) (2.35) (2.3) (0.01) (5.05)
100 65.76d 4.64a 52.8de 138.51¢ 0.24cd  92.13bc
(2.74) (0.28) (2.24) (1.7) (0.01) (4.09)
200 77.22ab 4.93a 64.51ab 140.52abc 0.3b 110.76a
(1.49) (0.09) (1.75) (0.69) (0.01) (0.73)

el o cire Dl pas saims Hlid wiies alie By, gl a5 Sla Sk Sl § (10) Sl glasels iz a3l ulul 5 gie yo y0

In each column means with same letters are not significantly different, based on Dancan’s test and Dunett’ T3.
A (£) 5k 31 jlre olitisl By juilyy Jolo slacl

The numbers in parentheses represent the standard error of the mean (%)
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Abstract

In order to study the effect of storage temperature and hormonal concentration on stored seed
germination and early growth of Pinus nigra var. caramanica, an experiment including 3 factors
in the context of Complete Randomized Design (CRD) with 3 replications was carried out. The
seeds were stored for three years at two temperature conditions (refrigerator temperature 4 °C
and room temperature 20-25 °C). In this way, the seeds were soaked in gibberellin acid (GA3)
and benzyl amino purine (BAP) at concentrations of 0, 50, 100, and 200 mg I"' for 24 h and kept
out in germinator (20 C) for 40 days. In general, both hormonal solutions improved
germination traits. The highest germination percentage, germination rate, germination energy,
seedling length, seedling dry weight, and vigor index were obtained in refrigerator temperature
and at concentrations of 200 mg I'' GA; and 50 mg 1" BAP, and in room temperature at 200 mg
I BAP and 50 mg 1" GA;. It is recommended that in nurseries of semi-arid and semi-humid
regions, in the absence of refrigerator, the seeds of P. nigra var. caramanica would be better to
store in the room temperature for three years.

Keywords: Gibberellin Acid (GAj), Benzyl Amino Purine (BAP), Seed vigor, Storage, Black
pine
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