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ABSTRACT 
 

The dragon fruit, has attracted a lot of interest lately due to its eye-catching appearance and 
exceptional nutritional value. Despite its widespread use, little is known about the ideal 
circumstances for seed germination and the early stages of growth, such as the length of the 
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seedling shoot, which are critical for the best crop production. By assessing the effects of different 
growing media on dragon fruit germination and early growth stages, this study seeks to close this 
gap. The experiment was laid out in the GPB (Genetics & Plant breeding) PG lab, Maxwell block, 
School of Agriculture (SOAG), ITM University, Gwalior, M.P. during 2024 in Completely 
Randomized Design with 9 treatments and 4 replications, i.e., T0 (Hydropriming in room temperature 
at 20-24˚C), T1 (Hydropriming 28˚C), T2 (Sand+ water mixture room temperature 20-24˚C), T3 
(Sand+ water mixture in seed germinator 28˚C), T4 (Blotting sheet+ water in room temperature 20-
24˚C), T5 (Blotting sheet+ water in seed germinator 28˚C), T6 (Citric acid treatment in room 
temperature 20-24˚C), T7 (GA3 treatment 100 ppm Seed germinator at 28℃), T8 (TiO2 NPs 200 ppm 

Seed germinator at 28 ℃).  Seeds were sown in petri plates on 26th February, 2024 in seed 
germinator and room temperature. The highest germination efficiency or percentage with 96.67%, 
followed by T8 (TiO2 NPs treatment in seed germinator at 28˚C) with 80% and T7 (GA3 treatment in 
seed germinator at 28˚C) with 78.33%, while T0 (Hydropriming in room temperature at 20-240C) has 
the lowest germination efficiency or percentage with 8.67%. The significantly highest seedling vigor 
index was recorded in T6 (Citric acid treatment room temperature at 20-24˚C) with 462.67 followed 
by T8 (TiO2 NPs treatment in seed germinator at 28˚C) with 353.67 and T7 (GA3 treatment in seed 
germinator at 28˚C) with 343.57 mg, while lowest seedling vigor index was recorded in T0 
(Hydropriming in room temperature at 20-24˚C) with 32.67. 
 

 
Keywords: Hydropriming; TiO2; citric acid; germination; dragon fruit; GA3. 
 

1. INTRODUCTION  
 
The tropical fruit known as a dragon fruit 
(Hylocereus undatus), often called a strawberry 
pear or pitahaya /pitaya or kamalam is 
distinguished by its bright red exterior and 
delicious flesh that is scattered with seeds. The 
hylocereus species are diploid having a 
chromosome no.- 2n=2x=22, which are members 
of the cactaceae family, are the source of a large 
range of dragon fruits with appealing and 
intriguing functional qualities. Because of its 
nutritional and therapeutic qualities, dragon fruits 
have become more and more well-known in 
recent years. Dragon fruit is one of the 
superfoods of the tropics because of its high 
nutritional value [1-4].  
 
The fruit comes in three varieties: pink pitaya 
(white flesh with pink skin: Selenicereus 
undatus), red pitaya (red flesh with red skin: 
Selenicereus costaricensis), and yellow pitaya 
(white flesh with yellow skin: Selenicereus 
megalanthus) [5]. 
 

The dragon fruit seed, which originated in Mexico 
and central and south America, is an edible black 
seed that resembles kiwi seeds in appearance. It 
is embedded in the fruit pulp and has exceptional 
nutritional value, drawing growers from all over 
India to cultivate this fruit crop [6]. About 82.5 to 
83.0% moisture, 0.16 to 0.23% protein, 0.21 to 
0.61% fat, and 0.7 to 0.9% fiber are found in 
fresh dragon fruit. 6.3–8.8 mg of calcium, 30.2–
36.1 mg of phosphorus, 0.5-0.61 mg of iron, and 

8–9 mg of vitamin-C is found in 100g of fresh fruit 
pulp (Kabir et al. 2022).  
 
 A physiological state known as seed dormancy 
prevents germination under ideal circumstances. 
Dragon fruit seed dormancy is a physiological 
state that limits germination under ideal 
circumstances and establishes the spectrum of 
circumstances that permit germination. The 
degree of "whole-seed" dormancy can be 
determined by the interaction between an 
embryo and a coat component of the intrinsic 
molecular mechanisms governing dormancy [7]. 
Dragon fruit cultivation has faced significant 
challenges due to poor seed germination and 
seed dormancy, impacting overall production and 
profitability. Seed germination rates for dragon 
fruit are notably low, often resulting in uneven 
and delayed plant establishment. This 
inconsistency can lead to a prolonged cultivation 
cycle, increasing labor and resource inputs for 
farmers. Furthermore, seed dormancy—where 
seeds fail to germinate even under optimal 
conditions—compounds the issue, necessitating 
additional treatments such as stratification or 
chemical applications to break dormancy and 
enhance germination rates. These practices can 
be both time-consuming and costly, reducing the 
efficiency and economic viability of dragon fruit 
farming.  
 
Present research used various chemicals like, 
GA3, Citric acid and TiO2 Nano particles for 
stimulating the seed germination. It has been 
observed from the previous research work that 
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nanoparticles will help to stimulate the RoS 
enzymes and promote the seed germination. 
GA3 is a growth regulator which promotes the 
seed metabolism to enhance the germination 
percentage and seedling attributes. Different 
growth condition helps to encourage the seed 
germination by providing the favourable 
condition. Henceforth keeping the above facts in 
view, the present study entitled “Examine the 
effects of various chemicals and different 
environmental conditions on the breakdown of 
dormancy of Dragon fruit (Hylocereus undatus 
var. White fleshed pitaya)” was conducted. 
 

2. MATERIALS AND METHODS  
 

2.1 Experimental Unit 
 

The present experiment was laid out in the GPB 
(Genetics & Plant breeding) PG lab, Maxwell 
block, School of Agriculture (SOAG), ITM 
University, Gwalior, during 2024. 
 

2.2 Location and Climate 
 

Gwalior is situated in Gird Zone at the latitude of 
260.13’ North and longitude 760.14’ east with an 
altitude of 211.52 meters from mean sea level, in 
Madhya Pradesh. The maximum temperature 
goes up to 450C during summer and minimum as 
low at 50C during winter. 
 

2.3 Experimental Details  
 

Design: CRD (Completely Randomized Design) 
Replications: 4 (As per ISTA, 1924) 
No. of Treatments: 9 
Total no. of petri plates: 36 
Total no. of seed/ plate: 20 

Date of experiment conduct: 26th February 2024 
Variety: Red skin with white flesh 
Season of experiment conduct: (Feb- April) 
Lab temperature: 20-240 C  
Seed germinator temperature: 280C 
Relative humidity: 85% 

2.4 Treatment Applications 
 
The raw material- Dragon fruit i.e., pink skin with 
White flesh variety, from a KVK of Gwalior.  
Seeds was extracted from a dragon fruit. For 
breaking the seed dormancy different chemicals 
and media used, such as: - Citric acid in which 
lemon is used was bought from local market of 
Gwalior. GA3 (Gibberellic acid), Blotting sheet, 
Tissue paper, TiO2NPs, Sand, Soil, 
Vermicompost & Seed tray was available in the 
Department of Horticulture, School of Agriculture, 
ITM university, Gwalior.  

 
2.5 Preparation of GA3 Solution 
 
The stock solution of 100ppm GA3 solution was 
prepared by dissolving 0.1g or 100mg in little 
quantity of acetone and then made up the 
volume of 1l by adding distilled water. 

 
2.6 Preparation of TiO2 NPs Solution- 
 
The stock solution of 200ppm Ti02 NPs solution 
was prepared by dissolving 0.2g or 200mg in 1l 
of distilled water. 

 
Seeds were extracted from a dragon fruit i.e., 
pink skin with white flesh (Selenicereus undatus). 
The fruit was then cut into small pieces with a 
cutting knife and the seeds were extracted from it 
with the help of Forceps. Thus, we treated the 
seeds in different conditions which are as 
follows: 

 
Hydropriming in room temperature: Firstly, we 
added normal tap water in 4 different sets of petri 
plates and then we took a total of 60 fresh 
dragon seeds, out of which each 20 seeds were 
embedded in 4 different petri plates with the help 
of forceps. Then, kept all the three petri plates in 
light in the normal room temperature of                       
20-240C. 

 

List 1. Treatment applications 
 

Treatments Treatment Details 

T0 Hydropriming in normal water in room temperature at 20-24℃ 
T1 Hydropriming in seed germinator at 28℃. 

T2 Seeds in Sand + water mixture in room temperature at 20-24℃  

T3 Seeds in Sand + water mixture in Seed germinator at 28℃ 

T4 Seeds in Blotting sheet + water in room temperature at 20-24℃. 

T5 Seeds in Blotting sheet + water in Seed germinator at 28℃ 

T6 Seeds with Citric acid treatment in room temperature at 20-24℃. 

T7 Seeds with GA3 treatment with 100ppm GA3 in Seed germinator at 28℃.  

T8 Seeds with TiO2 NPs treatment with 200ppm TiO2 NPs in Seed germinator at 28℃. 
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Hydropriming in Seed germinator at 280C:  In 
4 different petri plates, we added water and 20 
seeds each with the help of forceps and kept 
them in seed germinator at 280C. 
 
Seeds in Sand+ water mixture at room 
temperature: Firstly, Sand was sterilized for an 
investigation with the help of Autoclave and after 
sterilization, a mixture of sand and water was 
added in 4 different petri plates in which 20 
seeds each were placed in 4 different petri plates 
with the help of forceps. Then, all the three petri 
plates were kept in light in the normal room 
temperature of 20-240C. 
 
Seeds in Sand+ water mixture in Seed 
germinator at 280C: 80 dragon seeds were 
divided into 4 different petri plates in which the 
mixture of Sand and water were added to petri 
plates. Then, these petri plates were kept in seed 
germinator at 280C. 
 

Seeds in Blotting sheet + water at room 
temperature: In 4 different petri plates, 20 seeds 
were divided each into it and after that blotting 
sheet with some drops of water were added to it. 
Then, all four petri plates were placed in light in 
room temperature of 20-240C. 
 

Seeds in Botting sheet+ water in Seed 
germinator at 280C: 20 dragon extracted seeds 
were divided each into 4 different petri plates, 
blotting sheet with some drops of water were 
added to it. Then, all the petri plates were kept in 
Seed germinator at 280C. 
 

Seeds with Citric acid treatment: As we know 
that lemon is a good source of Citric acid, 
therefore, lemon was bought from the local 
market, Gwalior. Juice was extracted from the 
lemon and distributed into two Eppendorf tubes. 
Then, 80 seeds were extracted from a dragon 
fruit with the help of forceps and were transferred 
them into the Eppendorf tubes containing juice of 
lemon. Then, the tubes were kept in Deep 
freezer (40C) for 1 weeks. After 1 weeks, the 
seeds kept in the Eppendorf tubes were 
transferred in the petri plates containing tissue 
paper and water. Then, kept in the normal room 
temperature of 20-240C. 
 

Seeds with 100ppm GA3 treatment: 80 dragon 
extracted seeds in which 20 seeds were 
distributed into 4 different petri plates in which 
tissue paper was placed into each and after that 
100ppm GA3 prepared solution were added into 
petri plates. Then, kept in Seed germinator at 
280C. 

Seeds with 200ppm TiO2 NPs treatment: 80 
seeds were extracted from dragon fruit and 
divided each into 4 different petri plates in which 
tissue paper was placed into each and after that 
200 ppm TiO2 NPs prepared solution were 
transferred into petri plates. Then, kept in Seed 
germinator at 280C. 
 

After performing all the treatments in different 
environmental conditions with different 
chemicals, the cotyledons which became 
greenish in colour and after that these are 
transferred in a mixture of (2:1:0.5) of Cocopeat: 
Vermicompost: Soil, within a Seed tray for 
hardening purpose. 
 

2.7 Preparation of Media  
 

• Take 5kg Cocopeat, 2.5kg Vermicompost 
and 1.25kg Soil. 

 

• Mix all the raw material (Cocopeat + 
Vermicompost + Soil). 

 

• The media was sealed in transparent 
Polythene and was placed in Autoclave for 
sterilization at 1210C and 15psi for 30 min. 

 

• Then, media was prepared for transferring 
into Seed tray. 

 

2.8 Details of Observations 
 

The following observations were recorded in 
respect of Germination and vigour of seedlings: 
 

2.8.1 Final germination percentage (FGP %) 
 
This were recorded by taking observations in 24 
hrs and seeing percent of sprouting in seeds 
from the date of sowing. Final germination 
percentage were calculated by- 
 

𝐹𝑖𝑛𝑎𝑙 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

=
Total no. of seeds germinated 

Total no. of seeds sown
 

 

2.8.2 Mean germination time (MGT) 
 

It is an accurate estimate of the time it takes for a 
large number of seeds to germinate, but it does 
not correspond well with time spread or 
germination uniformity.  
 

Mean germination time were calculated by- 
 

𝑀𝑒𝑎𝑛 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 =
   ∑ 𝑓. 𝑥

∑ 𝑓
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Where; 𝑓 = Seeds germinated on day x & 𝑥= no. 
of days  
 
It is expressed in Day, hour or other time unit. 
 
2.8.3 Germination index (GI) 
 
The Germination Index is the analytical approach 
that best depicts the link between germination 
percentage and speed. 
 
The Germination Index were calculated by-  
 
Germination Index = (10×n1) + (9×n2) +·+ 
(1×n10)             
 

Where; n1, n2 . . . n10 = No. of germinated 
seeds on the first, second and subsequent days   
until the 10th day; 10, 9 . . . and 1 are weights 
given to the number of germinated seeds on          
the first, second and subsequent days, 
respectively. 
 
2.8.4 Coefficient of velocity of germination 

(CVG) 
 
Coefficient of Velocity of Germination prioritizes 
the time it takes to achieve germination above 
the final percentage. 
 

Coefficient of Velocity of Germination were 
calculated by-  
 
CVG=N1 + N2 + · · · + Nx/100 × N1T1 + · · · + 
NxTx 
 
Where: N=No. of seeds germinated each day, 
 
T=No. of days from seeding corresponding to N 
 
2.8.5 Germination rate index (GRI) 
 

The GRI measures the percentage of 
germination on each day throughout the 
germination phase. 
 

Germination Rate Index were calculated by-  
 
GRI=G1/1 + G2/2 +· · ·+ Gx/x 
 

Where; G1=Germination percentage × 100 at the 
first day after sowing, 
 
G2=Germination percentage × 100 at the second 
day after sowing 
 
It is expressed in (%/day) unit. 

2.8.6 First day of germination (FDG) 
 
FDG= Day on which the first germination event 
occurred 
 
It is expressed as a unit in “Day”. 
 
2.8.7 Last day of germination (LDG) 
 
LDG=Day on which the last germination event 
occurred 
 
It is expressed as a unit in “Day”. 
 
2.8.8 Time spread of germination (TSG) 
 
The difference in germination speed between the 
‘fast’ and ‘slow’ germinating members of a seed 
lot. 
 
TSG= The time in days between the first and last 
germination events occurring in a seed lot 
 
2.8.9 Shoot length 
 
The Shoot length of observational seedling was 
measured with the help of Scale after 36 days of 
sowing. The shoot length was measured in 
Centimetres. 
 
2.8.10 Root length 
 
The Root length of observational seedling was 
measured with the help of Scale after 36 days of 
sowing. The Root length was measured in 
Centimetres. 

 
2.8.11 Shoot (fresh weight) 

 
Fresh weight of shoot was measured in an 
experiment with the help of electronic weighing 
balance in milligrams and the average fresh 
weight was worked out. 

 
2.8.12 Root (fresh weight) 

 
Fresh weight of root was measured in an 
experiment with the help of electronic weighing 
balance in milligrams and the average fresh 
weight was worked out. 

 
2.8.13 Chlorophyll 

 
Chlorophyll content present in leaves was 
measured with the help of Chlorophyll meter in 
SPAD value. 
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2.8.14 Shoot (dry weight) 
 

Dry weight of shoot was measured after drying 
for 24hrs at 40˚C. Then, dried shoot was 
measured with the help of electronic weighing 
balance in milligrams. 
 

2.8.15 Root (dry weight) 
 

Dry weight of root was measured after drying for 
24hrs at 40˚C. Then, dried root was measured 
with the help of electronic weighing balance in 
milligrams. The average dry weight was worked 
out. 
 
2.8.16 Vigor index 
 
Vigor index was calculated by 
 
Vigor index = % Seed germination x Total 
seedling length 
 

2.9 Statistical Analysis 
 
The data obtained from all the above 
experiments were tabulated in 4 replications and 
subjected to statistical analysis (ANOVA) with 
completely randomized design (CRD) and results 
were tested at a level of 1% significant level 
using OPSTAT, WASP & Duncan’s test. The 
significance of treatments was worked out by 
comparing the difference between two 
treatments mean using CD at 1% level of 
significance. 
 

3. RESULTS AND DISCUSSION  
 

3.1 Comprehensive Evaluation of 
Germination Attributes 

 
Experiment has been conducted; data were 
collected in every 24 hours to determine the 
overall percentage of seeds germinated in how 
many seeds were sowed. T6 (Citric acid 
treatment in room temperature at 20-240C) in 
Table 1 has the highest germination efficiency or 
percentage with 96.67%, followed by T8 (TiO2 

NPs treatment in seed germinator at 28˚C) with 
80% and T7 (GA3 treatment in seed germinator at 
28˚C) with 78.33%, while T0 (Hydropriming in 
room temperature at 20-240C) has the lowest 
germination efficiency or percentage with 8.67% 
(Fig. 1). T0 (Hydropriming in room temperature at 
20-240C) has the lowest germination due to the 
possibility that seeds may absorb water more 
slowly at room temperature, which will result in 
decreased germination rates as per observed by 

Ashraf et al., [8]. T6 has the highest germination 
percentage because Citric acid, a natural organic 
acid, helps in the maintenance of an acidic 
environment required for the activation of specific 
enzymes involved in the germination process, as 
well as the breakdown of stored food reserves in 
the seed, which provides energy and nutrition to 
the growing embryo. Similar findings have been 
noted by Nonogaki et al., [9]. T1 (Hydropriming in 
a seed germinator at 280C) with 4 days 
germinated the quickest and had the best mean 
germination time, followed by T3 (seeds in sand 
and water mixture in seed germinator at 280C) 
with 5.05 days and T8. T6 required the longest 
time to germinate, which is why it is high in final 
germination % but not in mean germination time. 
T0 had the lowest mean germination time with 
11.31 days. T6 (Citric acid treatment in room 
temperature at 20-24˚C), shown the best results 
with 30.03%, followed by T8 with 13.51% and T7 

with 12.14%. T0 had observed the lowest 
coefficient of velocity of germination of seeds 
with 0.12% CVG (Coefficient of velocity). %. 
According to Bailly et al. [10], the coefficient of 
velocity of germination (CVG) is a measure of the 
rate at which germination occurs. It evaluates 
how rapidly a seed lot germinates during a 
specific time period. Citric acid treated seeds 
considerably improves the coefficient of 
germination due to its antioxidant qualities, which 
serve to alleviate oxidative stress, protect the 
seed's cellular machinery, and promote quicker 
germination. The highest germination index was 
recorded in T6 (Citric acid treatment in room 
temperature at 20-24˚C) with 142.33, followed by 
T8 (TiO2 NPs treatment in seed germinator at 
28˚C) with 131.33 and T7 (GA3 treatment in seed 
germinator at 28˚C) Blotting sheets effectively 
retain moisture, and their porous structure allows 
for proper air circulation. It gives a quantitative 
measure of how quickly and uniformly seeds 
germinate [11]. The lowest germination index 
was noted in T0 (Hydropriming in room 
temperature at 20-24˚C) with 16.33. T3 (seeds in 
sand water mixture in seed germinator at 280C) 
exhibited the best first day of germination with 
2.00 days, followed by T1 (hydropriming in seed 
germinator at 280C) with 2.33 days and T8 with 
2.67 days. Meanwhile, T0 has shown least in first 
day of germination or took maximum days to 
germinate with 11 days. In Table 1. it was noted 
that T2 (seeds in a sand + water mixture in room 
temperature at 20-24˚C) showed the best results 
on the last day of germination with 13.00 days, 
followed by T7 (GA3 treatment in a seed 
germinator at 280C) with 12.00 days, and T4 
(seeds in a blotting sheet + water in room 
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temperature at 20-24˚C) with 11.33 days.  T7 
(GA3 in seed germinator at 280C) has shown 
maximum efficiency of average days of 
germination with 9.33 days, followed by T4 
(seeds in a blotting sheet + water in room 
temperature at 20-24˚C) with 7.67 days and T5 
(seeds in a blotting sheet + water in seed 
germinator at 28˚C). Similar findings were noted 
by Nonogaki et al. [9], who concluded that T7 
(GA3 in the seed germinator at 280C) has 
demonstrated maximum efficiency of average 
days of germination because Gibberellic acid 
helps break seed dormancy by inducing the 

production of enzymes that break down the 
seed's stored food reserves. This enzyme activity 
maintains a consistent supply of energy 
throughout a period of time resulting in a longer 
germination phase. According to the data 
presented, T3 the greatest first day of germination 
because sand can hold onto some moisture 
while letting extra water drain out. Large pore 
spaces provide for adequate air circulation 
around the seeds while also providing oxygen to 
the growing seeds, which is required for cellular 
respiration and the production of energy, allowing 
them to germinate more quickly [12,13].  

 

 
 

 
 

Fig. 1. Graph Represents the Final germination% and Vigour index of Dragon fruit (Hylocereus 
undatus var. White fleshed pitaya) 
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Table 1. Effect of various chemicals and different environmental conditions on Germination attributes of Dragon fruit (Hylocereus undatus var. 
White fleshed pitaya) 

 

Treatment FGP MGT CVG GI GRI FDG LDG TSG 

T0 8.67 ± 6.01e 11.31 ± 0.17d 0.12 ± 0.123c 16.33 ± 2.91b 3.48 ± 0.55d 11.00 ± 0.00a 11.67 ± 0.33ab 0.67 ± 0.33d 
T1 41.33 ± 1.67d 4.00 ± 1.53a 8.24 ± 8.237b 18.67 ± 3.93b 3.66 ± 1.59d 2.33 ± 0.67c 5.67 ± 2.67d 3.33 ± 2.40cd 
T2 48.33 ± 10.14cd 10.87 ± 0.13a 11.14 ± 4.26b 29.67 ± 5.49b 4.81 ± 1.17cd 7.00 ± 2.00b 13.00 ± 0.00a 6.00 ± 2.00abc 
T3 66.67 ± 6.01cd 5.05 ± 0.48d 8.88 ± 1.92b 58.33 ± 7.27b 7.66 ± 0.96bcd 2.00 ± 0.00c 9.00 ± 1.00bcd 7.00 ± 1.00abc 
T4 55.00 ± 15.00cd 9.08 ± 0.80ab 11.52 ± 5.21b 112.33 ± 25.44a 17.86 ± 2.65a 3.67 ± 1.67c 11.33 ± 1.20abc 7.67 ± 1.76ab 
T5 68.33 ± 6.01bc 5.79 ± 1.23cd 10.92 ± 1.09b 115.67 ± 28.99a 19.67 ± 6.02a 3.00 ± 1.00c 10.33 ± 1.20abc 7.33 ± 1.33abc 
T6 96.67 ± 3.33a 8.02 ± 0.06bc 30.03 ± 1.98a 142.33 ± 4.49a 12.25 ± 0.45abc 7.00 ± 0.00b 10.67 ± 0.33abc 3.67 ± 033bcd 
T7 78.33 ± 7.27ab 5.83 ± 0.67cd 12.14 ± 2.00b 118.33 ± 18.48a 15.42 ± 3.89ab 2.67 ± 0.33c 12.00 ± 1.00ab 9.33 ± 1.20a 
T8 80.00 ± 2.89ab 5.09 ± 0.29d 13.51 ± 1.50b 131.33 ± 3.76a 18.71 ± 1.94a 2.67 ± 0.33c 8.00 ± 1.00cd 5.33 ± 1.33abc 

C.D. 22.56 2.29 8.05 44.30 8.20 2.90 1.63 4.36 
S.E.(m) 7.54 0.77 2.69 14.80 2.74 0.97 1.21 1.46 

 
Table 2. Effect of various chemicals and different environmental conditions on Seedling attributes of Dragon fruit (Hylocereus undatus var. White 

fleshed pitaya) 
 

Treatment Shoot length 
(mm.) 

Root length 
(mm.) 

Shoot (Fresh 
weight) (gm.) 

Root (Fresh 
weight) 
 (gm.) 

Chlorophyll Shoot (Dry 
weight) (gm.) 

Root (Dry 
weight)  

Vigor Index 

T0 2.60 ± 0.42b 0.13 ± 0.03d 15.00 ± 3.93d 0.43 ± 0.06e 2.80 ± 0.35e 0.060 ± 0.042c 0.011 ± 0.001e 32.67 ± 4.00g 
T1 3.57 ± 0.55ab 0.20 ± 0.06cd 23.73 ± 5.47cd 0.57 ± 0.05de 4.05 ± 0.79e 0.200 ± 0.025bc 0.013 ± 0.002cde 109.00 ± 6.33fg 
T2 3.70 ± 0.12a 0.29 ± 0.06bc 34.33 ± 4.11abc 0.90 ± 0.17cde 5.07 ± 1.24de 0.157 ± 0.041bc 0.017 ± 0.001cd 187.83 ± 38.55ef 
T3 3.53 ± 0.20ab 0.34 ± 0.06abc 33.87 ± 6.24abc 1.20 ± 0.46bc 9.03 ± 1.14bcd 0.171 ± 0.062bc 0.015 ± 0.001cde 319.00 ± 35.77bcd 
T4 3.93 ± 0.07a 0.31 ± 0.06bc 29.33 ± 3.94bc 1.07 ± 0.01cd 4.27 ± 0.61e 0.189 ± 0.039bc 0.016 ± 0.001cde 232.33 ± 62.34de 
T5 3.87 ± 0.20a 0.32 ± 0.06abc 25.10 ± 2.43cd 1.13 ± 0.06cd 6.40 ± 1.32cde 0.229 ± 0.024ab 0.012 ± 0.001de 273.00 ± 36.80cde 
T6 4.53 ± 0.27a 0.47 ± 0.06a 46.40 ± 8.31a 1.93 ± 0.18a 15.80 ± 2.28a 0.370 ± 0.067a 0.024 ± 0.003a 462.67 ± 11.85a 
T7 4.23 ± 0.33a 0.40 ± 0.09ab 34.47 ± 5.65abc 1.50 ± 0.03abc 10.43 ± 3.51bc 0.261 ± 0.052ab 0.018 ± 0.002bc 353.67 ± 22.50bc 
T8 4.37 ± 0.49a 0.42 ± 0.06ab 40.30 ± 3.10ab 1.74 ± 0.26ab 12.47 ± 0.90ab 0.287 ± 0.027ab 0.022 ± 0.002ab 378.83 ± 23.71ab 

C.D. 0.99 0.18 15.24 0.59 4.89 0.13 0.005 96.11 
S.E.(m) 0.33 0.06 5.09 0.20 1.63 0.05 0.002 32.10 
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3.2 Comprehensive Evaluation of 
Seedlings Attributes 

 
Data recorded in Table 2 shown each treatment 
used in the trial. T6 (Citric acid treatment in room 
temperature at 20-24˚C) had the highest shoot 
length of 4.53cm, followed by T8 (TiO2 NPs 
treatment in seed germinator at 28˚C) with 4.37 
cm and T7 (GA3 treatment in seed germinator at 
28˚C) with 4.23cm. Meanwhile, T0 has a 
minimum shoot length with 2.60 cm. Similarly, T6 
(Citric acid treatment in room temperature at 20-
24˚C), shown the best results with 0.47cm 
followed by T8 with 0.42 cm and T7 (GA3 
treatment in seed germinator at 28˚C) with 0.40 
cm. T0 was observed the lowest in root length 
with 0.13 cm. T6 (Citric acid treatment in room 
temperature at 20-24˚C) shown the highest 
chlorophyll content with 15.80 SPAD, followed by 
T8 (TiO2 NPs treatment in seed germinator at 
28˚C) with 12.47 SPAD, and T7 (GA3 treatment) 
with 10.43 SPAD. while, T0 had a minimum 
chlorophyll content with 2.80 SPAD. The same 
conclusion was attained by Kalaji et al. [14], who 
concluded that T6 (citrus acid treatment at room 
temperature, 20–24˚C) had the highest 
chlorophyll content because it made it easier for 
the plant to absorb vital micronutrients like iron 
and magnesium, which are crucial building 
blocks of chlorophyll molecules. Citric acid (T6) 
has demonstrated positive effects on various 
seedling attributes, significantly enhancing their 
growth and development. Studies have shown 
that citric acid improves seed germination rates, 
likely by breaking down seed coats and 
facilitating water and nutrient uptake. 
Additionally, it acts as a chelating agent, which 
helps in the mobilization and absorption of 
essential nutrients like calcium, magnesium, and 
iron. This improved nutrient availability promotes 
stronger root development, increased seedling 
vigor, and enhanced overall plant health. Citric 
acid also helps in maintaining a balanced pH in 
the soil, creating a more favourable environment 
for seedling growth [15]. The fresh weight of 
shoot was significant varied from 15.00 mg to 
46.40 mg. Data in Table 2. significantly highest 
fresh weight of shoot was recorded in T6 with 
46.40 mg followed by T8 with 40.30 mg and T7 
with 34.47 mg, however lowest fresh weight of 
shoot was recorded in T0 (Hydropriming in room 
temperature at 20-24˚C with 15.00 mg. The 
similar outcome was observed by Poorter et al. 
[16], who concluded that citric acid increases cell 
expansion and turgor pressure and aids in 
supplying appropriate water availability, thus 
increasing shoot fresh weight. Cell hydration 

promotes metabolic activities and nutrition 
transfer, which contributes to shoot development. 
The dry weight of the shoot varied significantly, 
from 0.06 mg to 0.37 mg. Seeds are exposed to 
citric acid, which initiates metabolic processes in 
seeds, resulting in the creation of growth-
promoting chemicals and enzymes involved in 
root elongation and nutrient absorption, 
eventually leading to increased root fresh weight 
[17]. Data in Table 2. Observed that the highest 
dry weight of root was recorded in T6 with 0.024 
mg, followed by T8 with 0.022 mg and T7 (GA3 
treatment in seed germinator at 28˚C) with 0.018 
mg. Treatments showed that the significantly 
highest seedling vigor index was recorded in T6 
(Citric acid treatment in room temperature at 20-
24˚C) with 462.67 followed by T8 with 353.67 and 
T7 with 343.57 mg, while lowest seedling vigor 
index was recorded in T0 with 32.67. Metabolic 
processes like as, oxidation, and protein 
hydrolysis are triggered by enzymatic and 
hormonal mechanisms, resulting in germination 
and elongation of root and shoot lengths, which 
promotes seedling vigour [18-25]. 
 

4. CONCLUSION  
 

Based on the above discussion, it is possible to 
conclude that treatment T6 produced the greatest 
results for germination features such as final 
germination percentage (96.67%), germination 
index, and coefficient of germination velocity. 
From on the findings, treatment T6 (citric acid at 
room temperature) emerged as the most 
effective overall. While T6 exhibited a slightly 
slower germination time, it achieved a 
remarkably high final germination percentage. 
Moreover, seedlings from T6 displayed superior 
growth in terms of shoot length, root length, fresh 
and dry weight, chlorophyll content, and vigor 
index. These results suggest that citric acid 
treatment effectively overcomes seed dormancy, 
promotes successful germination, and enhances 
early seedling development. 

 
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 

 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 



 
 
 
 

Singh et al.; Arch. Curr. Res. Int., vol. 24, no. 6, pp. 117-127, 2024; Article no.ACRI.119561 
 
 

 
126 

 

REFERENCES 
 
1. Yadav, Shubham, Korat JR, Sanjeev 

Yadav, Kabita Mondal, Anuj Kumar, 
Homeshvari, Suneel Kumar. Impacts of 
climate change on fruit crops: A 
comprehensive review of physiological, 
phenological, and pest-related responses. 
International Journal of Environment and 
Climate Change. 2023;13(11):363-71.  
Available:https://doi.org/10.9734/ijecc/2023
/v13i113179 

2. Petri, José Luiz, Cristhian Leonardo Fenili, 
Caroline de Fátima Esperança. Phenology 
of apple cultivars with different chilling 
requirements. Journal of Experimental 
Agriculture International. 2024;46(5):330-
38.  
Available:https://doi.org/10.9734/jeai/2024/
v46i52382 

3. Moore D, Gange AC, Gange EG, Boddy L. 
Fruit bodies: Their production and 
development in relation to environment. In 
British Mycological Society Symposia 
Series. Academic Press. 2008;28:79-       
103. 

4. Kalt W. Effects of production and 
processing factors on major fruit and 
vegetable antioxidants. Journal of Food 
Science. 2005;70(1):R11-9. 

5. Pradhan S, Sarkar R, Das AK, Ruj S, 
Daptari S, Mondal K, Guha PS. An 
evaluative study on dormancy breakage of 
dragon fruit seeds under different 
environmental conditions. International 
Journal for Research Trends and 
Innovation. 2022;7(7):2456-3315. 

6. Perween T, Mandal KK, Hasan MA. 
Dragon fruit: An exotic super future fruit of 
India. Journal of Pharmacognosy and 
Phytochemistry. 2018;7(2):1022-1026. 

7. Hilhorst HW, Finch-Savage WE, Buitink J, 
Bolingue W, Leubner-Metzger G. 
Dormancy in plant seeds. Dormancy and 
Resistance in Harsh Environments. 2010; 
43-67. 

8. Ashraf M, Foolad MR. Pre‐sowing seed 
treatment—A shotgun approach to improve 
germination, plant growth, and crop yield 
under saline and non‐saline conditions. 
Advances in Agronomy. 2005;88:223-        
271. 

9. Nonogaki H, Bassel GW, Bewley JD. 
Germination—still a mystery. Plant 
Science. 2010;179(6):574-581. 

10. Bailly C. Active oxygen species and 
antioxidants in seed biology. Seed science 
Research. 2004;14(2):93-107. 

11. Copeland LO, McDonald MSF. Principles 
of seed science and technology. Springer 
Science and Business Media; 2012.  

12. Bewley JD, Bradford KJ, Hilhorst HWM, 
Nonogaki M. Seeds: Physiology of 
development, germination and dormancy. 
Seed Science Research. 2O13;23(4):289-
289. 

13. Mawlieh R, Topno SE, Bahadur V. Effect 
of Light and GA3 on germination of purple 
passion fruit (Passiflora edulis Sims) 
seeds. Journal of Advances in Biology and 
Biotechnology. 2024;27(6):261-268. 

14. Kalaji HM, Rastogi A, Živčák M, Brestic M, 
Daszkowska-Golec A, Sitko K, 
Allakhverdiev SI. Prompt chlorophyll 
fluorescence as a tool for crop 
phenotyping: An example of barley 
landraces exposed to various abiotic stress 
factors. Photosynthesis Research. 2018; 
137(2):183-199. 

15. Anjum SA, Wang LC, Farooq M, Hussain 
M, Xue LL, Zou CM. Brassinolide 
application improves the drought tolerance 
in maize through modulation of enzymatic 
antioxidants and leaf gas exchange. 
Journal of Agronomy and Crop Science. 
2011;197(3):177-185. 

16. Poorter H, Niklas KJ, Reich PB, Oleksyn J, 
Poot P, Mommer L. Biomass allocation to 
leaves, stems and roots: Meta‐analyses of 
interspecific variation and environmental 
control. New Phytologist. 2012;193(1):30-
50. 

17. Istifadah N, Sholihah A, Indradewa D. 
Effect of seed priming on growth and yield 
of maize (Zea mays L.) under drought 
stress condition. American Journal of 
Experimental Agriculture. 2013;3(2):374-
393. 

18. Korkmaz A, Aydın M, Çakmakçı R. Seed 
treatments with plant growth promoting 
rhizobacteria stimulate root development 
and increase yield of barley in saline soils. 
Turkish Journal of Agriculture and 
Forestry. 2015;39(6):893-898. 

19. Ali N, Rafiq R, Wijaya L, Ahmad A, 
Kaushik P. Exogenous citric acid improves 
growth and yield by concerted modulation 
of antioxidant defense system in brinjal 
(Solanum melongena L.) under salt-stress. 
Journal of King Saud University-Science. 
2024;36(1):103012. 



 
 
 
 

Singh et al.; Arch. Curr. Res. Int., vol. 24, no. 6, pp. 117-127, 2024; Article no.ACRI.119561 
 
 

 
127 

 

20. Abdin MZ, Kiran U, Khan MA, Khan N. 
Priming induced changes in protein 
expression and peroxidase activity during 
germination of Sorghum bicolor (L.) 
Moench seeds under water deficit stress. 
Journal of Plant Physiology. 2011;168(11): 
1248-1255. 

21. Bradford KJ. Manipulation of seed water 
relations via osmotic priming to improve 
germination under stress. Hort Science. 
1986;21(5):1105-1112. 

22. Chen K, Arora R, Chen L. Dynamics of the 
antioxidant system during seed 
osmopriming, post-priming germination, 
and seedling establishment in spinach 
(Spinacia oleracea). Plant Science. 2016; 
248:38-48. 

23. Kabir MH, Islam MM, Das P, Mamun ANK. 
In vitro regeneration of exotic fruit dragon 
(Hylocereus undatus) from stem fraction. 
International Journal of Biological and 
Pharmaceutical Sciences Archive. 2024; 
07(01):040–047. 

24. Wang X, Pan H. Germination index and 
germination energy for evaluation of seed 
vigour in Vigna unguiculata. Journal of 
Integrative Agriculture. 2020;19(2):498-
506. 

25. Zhang SP, Wang LJ, Ma W. Exogenous 
application of citric acid ameliorates                    
the adverse effect of heat stress in tall 
fescue (Festuca arundinacea). Journal              
of Plant Physiology. 2008;165(2):                   
172-182. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are 
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s). 
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/119561 

https://www.sdiarticle5.com/review-history/119561

