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Table 41. The main effect of GAconcentration and soaking duration on germination

percentage, speed of germination and mean germination time

GA; Conc. Germination Speed of Mean germination
percentage germination time
(%) (Days)
0 ppm(DW) 91.25 19.47F 4.77
75 ppm 92.42 19.88 4.60"
150 ppm 95.2% 20.8% 4.16
225 ppm 95.5 21.3F 3.87
SEM (#) 0.362 0.102 0.065
LSD (0.05) 1.0395 0.2918 0.1862
P Value <.001 <.001 <.001
Soaking durations
12 hours 92.88 20.18 448
18 tours 93.63"° 20.33 4.38
24 hours 9437 20.62 414
SEM (#) 0.314 0.088 0.056
LSD (0.05) 0.9003 0.2527 0.1612
P value 0.0100 0.004 0.0013
G Mean 93.6 20.38 4.32
CV (%) 1.34 1.73 5.21

Note:- Means with the same letters in each column aresigutificantly different at P <
0.05, GA3 = Gibberellic Acid, ppm = part per million, DW = Distilled Water, LSD = List
Significant Test, SEM = Standard Error of Me&V = Coeficient of Variation

Shoot length(SL)

The ANOVA revealedthat the main féect of GA3; concentratiorvery highlysignificantly
influenced shoot length (P ©.001). In contrast, neither the main effect of soaking
duration nor the interaction between &Eoncentration and soaking duration showed
significanteffects (P >0.05)(AppendixTable ). As shown in Table 4.Zeed treated with
225 ppm GA concentration showed the talle$tootlength of .17 cm, while the control
(distilled water)resulted irthe shortest shadength of 12.21 cm.
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The resuls indicate that usinga 225 ppm GA concentration resulted in an increase of
approximately 32.43% in shoot length compared to the coftnel significant increase in
shat length observedsuggests that gibberellic acid effectively stimulates both cell
division and enlargement, leading t@ tthevelopment of larger seedlif@astreCambaet

al., 2029. These resultalign with, Berhanu Abraha and Melkamu Andargie (2018ho
reportedthat seed prinmig with 200 mg/L GA resulted in increased shoot lengths across
various species, including Zea mays, Lathyrus sativus, and Pisum sativum, compared to
unprimed controlsSimilarly, Gnawali and Subedi (2021eported that maize seeds treated
with GA3z at 200 ppm exhibited a notable increase in shoot length from 2.9 cm 4n non
primed seeds to 6.4 cm under a water potential of 1.05 MBaeover, corroborating
findings from , Setiawan (2022 and Venkata et al. (2023 further validate the
effectiveness of GAIn promoting shoot elongation across different plant species

Root length (RL)

The results of this study indited thatthe main effect ofboth GA; concentations (P <
0.001) and soaking duration (P €.01) significantly influenced root lengthwhile the
interaction effect was not sistically significant (P > 0.05)Appendix Table L. As shown
in Table 4.2 seed treated with 225 ppm GAconcentration sheed te longest root
length 0f13.59 cm while seed soaked with distilled water (control) showtta shortest
root length of 9.64 cmThis finding demonstrates a notable increase of approximately
40.98% in root length for the GAreated seeds with25 gpm concentration compared to
the control (distilled water)Regarding soaking duratiothe seed soaked for 24 hours
showedthe longest root length af2.01 cm,which was not statistically significary
differentfrom the 18hour soaking duration (11.49 cnih contrastthe seed subjected to
12 hoursof soaking duration exhibitetthe shotest root lengtlof 10.79 cm(Table 42).

The result of our studyndicatesthat seed treated with 225 ppm GAconcentratin
significantly increased root length as comgghtothe control. This enhancement may be
attributed toGAsz-stimulatedhydrolytic enzymes that are needed for degradation of the
cells surrounding the radicléAfzal et al, 2003. Supporting these findingBerhanu
Abraha and Melkamu Andargie (201&ported similar improvements in root length when
seeds were treated with @At 200 mg/L for a soaking durah of 24 hours in Zea mays,
Lathyrus sativus, and Pisum sativuBtudies bySetiawan (2022 and Venkataet al.

(2023 also corroborate the positive influence of £&®ncentrations on root growttOn
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the contrary, Gnawali and Subedi (202Ireported that the longest root length was
UHFRUGHG DW ORZHU *$x FRQFHQWUDWLRQV FRPSDUHG W

Additionally, a 24hour soaking duration significantly enhanced root length compared to
lower durations. This enhancement may be duedtopged soakig in GAs enhances the
activity of hydrolase enzymes that convert starch into simple sugars, provediegtial

energy for root growttYayatet al, 2017.
Root to shoot raio (RSR)

The ANOVA resultsrevealed thathe main effect of GA concentration significantly
influenced the rootto-shoot ratio (P < 0.001). However, soaking duration and the
interadion did not showsignificant effects (P 9.05)(Appendix Table L As indicated in
Table 4.2 :2ed soaked with distilled water (control) showleel highestgot-to-shoot ratio

of 0.79, whileseed treated with 225 ppm and 150 ppmg@@ncentration resulted e

lowest rootto-shoot ratioof 0.53 and 0.56 respectively

The results indicate that seeds soaked solely in distilled water (control) significantly
increased the rodb-shoot ratioccompared to higher GfconcentrationsThis may be due

to the increased allocation of resources towards shoot development in respagserto h
concentrations of GA which enhances shoot elongation while limiting proportional root
growth, therebyeducing the roeto-shoot ratio(Artecaet al, 1991 Haklaet al, 202)).

This result is partially in agreement withGnawali and Subed{202]) reportedthat a
lower concentration of GAz resulted in a more favorable R/S ratio compared to higher

concentrations
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Table 42. The main effect of GAconcentration and soaking duration on shoot length,

root lendgh androot-to-shootratio

GA; Conc. ShootLength RootLength Root to Shoot Ratic
(cm) (cm)
0 ppm (DW) 12.2F 9.64 0.7¢
75 ppm 13.0F 10.15 0.65
150 ppm 14.88 12.34 0.56°
225 ppm 16.17 13.5¢ 0.53
SEM (1) 0.239 0.269 0.025
LSD (0.05) 0.6858 0.7724 0.0728
P Value <.001 <.001 <.001
Soaking durations
12 hours 13.77 10.79 0.63
18 hours 13.99 11.49 0.64
24 hours 14.44 12.0F 0.64
SEM (%) 0.207 0.233 0.022
LSD (0.05) NS 0.669 NS
P value 0.0789 0.0029 0.9104
G Mean 14.07 11.43 0.63
CV (%) 5.89 8.16 13.89

Note:- Means with the same letters in each column are not significantly different at P <
0.05, GA3 = Gibberellic Acid, ppm = part per million, DW = Distilled Water, LSD = List
Significant Test, SEM = Standard Error of Me&V = Coeficient of Variation

Seedling dry weight(SDW)

The result of this study indicated that both the main effects of &@Acentration (P <
0.001) and soaking duration (P G<00) significantly influenced seedling dry weight
while the interaction effect & notstatisticallysignificant (P > 0.05§Appendix Table 1
As shown in Table 4,3eedstreated with 225 ppm G#concentration showedhé highest
seedling dry weight 00.26 g, while seedssoaked solelyn distilled water showedhe
lowest dry weightof 0.14 g. This indicatesusing 225 GA concentration resulted in an

increase in approximately 85.7 % of seedling dry weight compared to the coirol.
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terms of soaking duration, seeds soaked for 24 hours achieved the highest seedling dry
weight 0f0.22 g, wheaeas seeds soaked for A@urs showedhe lowest dryweightof 0.18
g (Table 4.3.

These results indicate tha¢eds treated with 225 ppm GAhoweda significant increase

in seedling dry weight. This enhancement can be attributed to the abil®Agfand
extended soaking durations to promote nutrient mobilization, increase germination rates,
improve root development, stimulate cell elongation, and mitigate gtCessiharet al,

2019 CastreCambaet al, 2029. These findings are consistent witBerhanu Abraha

and Melkamu Andargie (20)8who found comparable results in Zea mays, Lailky
sativus, and Pisum sativulfUR O D QG $ UV Qregred Eirifilar enhancements in
seedling growth in soybeans when treated withs.G¥lditionally, Venkataet al. (2023
reported that GApriming at 200 mg/L in fodder maize increased seedling dry weight

compared to other treatments
Vigor index |

The ANOVA results revealed that both the main effectSAB concentration and soaking
duration showed high significant effect on vigor index | (P < 0.001). However, the
interaction effect was not staisdlly significant (P > 0.05(Appendix Table L As
shown in Table 4.3seed treated with 225 ppm GAcorcentration showedhe highest
seedling vigor index of2842.30 while seedssoaked with distilled water (control)
exhibitedthe lowest vigor index of 1994.35 This indicatesan increase of vigor index |
approximately 42.%6 compared to the controln tems of soaking duratigrthe seed
subjectedto 24 hoursof soaking duration showethe highest seedling vigor index of
2499.63 while the seed soaked for 12 hours exhibitée: lowest vigor index 02286.86
(Table 4.3.

These findings demonstratthat seed treated with 225 ppm GA concentration
significantly improved the Vigolndex | compared tthe control This enhancement can

be attributed to several physiological mechanisms, including improved nutrient
mobilization, enhanced germination rates, betteot and shoot development, and
stimulated cell elongatiofAli Adam et al, 2021 (URO DQG $UV OEe@RanD X
2022. The results align with previous studies indicating that optimad GAcentrations

and soaking durations significantly enhance seedling vigor. For instdaseain (2013
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