Viability of Some Bread Wheat Cultivars Under Different Storage Conditions
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 This study was conducted at Seed Technology Department during 2023 season to investigate the effect of some storage conditions: (normal and drought of wheat),  storage periods (after harvest, 3 and 6 months), package (H.D.P and jute), and three wheat cultivars (Sakha95, Giza 171and Misr1) on germination percentage, seedling vigor parameters (shoot length, root length and seedling dry weight), seedling vigor index, seed index and electrical conductivity of stored seeds. The obtained results revealed that, increasing storage period had a negative effect on seed viability (by increasing electrical conductivity and decreasing) and decreased germination percent and seedling vigor parameters. Also, the results cleared that, there was a significant difference in all studied traits due to treatment. Normal gave the best values for all studied traits. There were highly significant differences among all studied traits due to storage package. Due to lower moisture value inside high density polyethylene compared with jute package, so that high density polyethylene gave the best values for all studied traits. On the other hand, results recorded highly significant differences among the tested cultivars for all studied characters mainly due to differences in the genetic constitution of these cultivars. Giza 171 gave the highest values for germination percentage, root length, and seed index while, Misr1  gave the lowest value the same traits. On the other hand, Misr1  gave the highest values of shoot length, seedling dry weight (S.D.W) and seedling vigor index (S.V.I). The results illustrated that increasing storage time after harvest until 6 months caused negative effect on seed viability. So that, this study recommend using high density polyethylene packages to reduce this negative effect.
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Introduction
Wheat is the most important crop in Egypt. cautious storage for wheat or any crop may be very important for lessening many problems of seed viability and we can use large seed crops several times for many years of reactivation for the germ, preventing the need to depend solely on the recent crop (Nasreen, 1999). Environmental temperature and relative humidity are the most important factors influencing seed viability and longevity during storage (Li, 2023 and Kamel, 2025). Most species of seed crops could be stored safely avoiding the bad conditions by control of temperature and relative humidity in different locations all over the world, especially tropical parts. Conditioned storage is very urgent to maintain the viability of some seeds still high and not highly affected from harvest time during its season to sowing time in another season (Harrington, 1973 and Nagel & Borner, 2010).  Harrington (1973) investigated that there was a relation between temperature of storage, moisture inside seeds and their longevity and then he proposed two rules  according to the optimum storage (1 each 1% reduction in seed moisture increases the seeds life twice, and (2 each 5°C reduction in seed temperature increases the seeds life twice). Also, Harrington (1973) found that there are some requirements should be available to those rules , the 14 or below 5% seed moisture.  This work was conducted to know what may occur during storage using different package and treatment (Normal and Drought) under Egyptian  conditions.

Materials and Methods
Wheat under investigation were produced at Sakha Agriculture Research Station, ARC, Egypt during 2023 season. Viability parameters, laboratory vigor seedling parameters were conducted at the seed Technology laboratory, Field crop  Research Institute , Sakha to investigate the effect of some storage conditions i.e
1- Storage period:  After harvest, 3 and 6 months. 
2-  Storage package: High density polyethylene (H.D.P) and jute. 
3-  Treatment: Normal  and drought of  wheat.
4- Cultivars: Three wheat cultivars (Sakha95, Giza 171and Misr1).
Samples were taken immediately after one month from harvesting. The samples were sieved and cleaned from dust, husk or any inert materials and the seed moisture content was 12%. Seed samples of each cultivar were stored in two types of package   High density polyethylene (H.D.P) and Jute bag . Each package was filled with 500g of wheat seeds in three replicates and stored for 3 and 6 months under warehouse. Random samples were taken from each package to determine seed viability parameters.

- Stander germination percentage (G.P):
Eight replications of 50 seeds per lot were planted in plastic boxes of 40 x 20 x20 cm dimensions and contained sterilized sand. The boxes were watered and kept at 25 C° in an  inculcated chamber and following parameters were evaluated:
Germination percentage (G.P) was calculated by counting only normal seedlings 8 days after planting according to international rules of ISTA (1999). 

G.P = 
Parameters were evaluated  using the following formula, where seedling vigor as measured by the length of normal seedling and dry weight which was made on 10 seedling per replicate at the end  of germination test . The seedling were oven dried at 70ºC for 24 hours and weight to measure seedling dry weight (SDW). 
- Seedling vigor index (S.V.I):
Seedling vigor index was calculated using the following formula outlined by ISTA (1999).
Seedling vigor index = SDW × G.P
Where SDW = Seedling dry weight
G.P = Germination percentage
-Electrical conductivity test (EC): 
Four sub-samples each of 50 seeds were taken from the pure seed portion of each seed grade. Each sub-sample was weighed to the nearest two decimal points after which it was placed in 500 ml conical flask containing 250 ml distilled water. The flasks were covered and then incubated at 25 ± 1ºC for 24-hour period. Conductivity measures were recorded at the end of each test period at 20 ºC using a calibrated conductivity meter. The conductivity per gram of seed weight for each sub-sample was calculated as follows:
           Conductivity (µS) for each flask 
E.C = 	 
             Weight (g) of seed sample              =            µS) cm-1 g-1
Statistical analysis
Collected data were analyzed as a factorial experiment using completely randomized design with three replicates. Analysis of variance computed according to Snedecor and Cochran (1982) and treatment means was compared by Duncan Multiple Range Test, (Duncan, 1955).. All statistical analyses were performed using analysis of variance technique by “MSTAT-C” (1990) computer software package.

Results and Discussion         
Effect of storage time
Results of germination percentage, seedling vigor (root length, shoot length and seedling dry weight), seedling vigor index (S.V.I), seed index and (E.C) as affected by storage period under study are presented in Table (1). Increasing storage time after harvest to 3 and 6 months significantly decreased germination percentage from 95.19 to 87.94 %, respectively. The decline in germination percentage with storage time was associated with a decrease in seedling vigor [root length, shoot length and S.D.W) from (15.37cm to 11.61cm), (12.85cm to 10.63 cm) and (22.86mg to 18.25mg), respectively as shown in Table 1. Also, the decline in germination percentage with storage time was associated with a decrease in seedling vigor index from 2.18 to 1.62, respectively. In addition, seed index was decreased from (56.11 to 51.14) by increasing storage period. Data in this table indicate clearly that the decline in germination percentage with storage time was associated with a decrease in seed viability (by increasing E.C value). Increasing storage time after harvest to 3 and 6 months significantly increased E.C value from [15.16 to 23.05], respectively. These findings are in agreement with those obtained by Omar et al (2012), Kibar (2015) Shahein and Mohamed (2016), Bilsborrow (2023) and Smith (2025) who found similar results in different seeds under different storage condition and observed that the long storage time resulted in a decrease in viability parameters associated with a decrease in germination percentage.
Table (  1 ) The general effect of storage period and treatment on germination, seedling vigor , S.V.I, seed index and E.C.
	Treatment
	Germination
 %
	Seedling vigor 
	 (S.V.I)
	Seed index
(g)
	

	
	
	Root length (cm)
	Shoot length (cm)
	S.D.W (mg)
	
	
	E.C
 (µbmhose/g)

	Effect of storage period
	

	3 months
	95.19
	15.37 a
	12.85 a
	22.86 a
	2.18 a
	56.11a
	15.16 b

	6 months 
	87.94
	11.61 b
	10.63 b
	18.25 b
	1.62 b
	51.14 b
	23.05 a

	F. Test
	* *
	
	* *
	* *
	* *
	* *
	* *

	Effect of treatment
	

	Normal
	96.11
	14.40 a
	12.66 a
	22.95 a
	2.21 a
	55.61 a
	16.05 b

	Drought
	87.03
	12.58 b
	10.82 b
	18.16 b
	1.59 b
	51.64 b
	22.17 a

	F. Test
	* *
	* *
	* *
	* *
	* *
	* *
	* *


**, * and NS indicated P< 0.01, 0.05 and not significant, respectively.

Effect of treatment
Germination percentage, seedling vigor parameters, seedling vigor index, seed index and electrical conductivity of wheat seeds as affected by treatment (normal and drought) are given in Table (1). Germination percentage, seedling vigor (root length, shoot length and S.D.W), seedling vigor index  and seed index of wheat stored from normal treatment 96.11% (14.40cm, 12.66cm and 22.95  mg), 2.21 and 55.61g were significantly higher than those of wheat stored form  drought 87.03%, (12.58 cm, 10.82 cm and 18.16 mg), 1.59 and 51.64, respectively. Meantime, wheat stored from normal treatment recorded the highest viability (by decreasing EC value). In Spite of, E.C value of wheat stored from drought treat were significantly higher than those of wheat stored from normal treat. Similar results were observed by Kandil et al (2013),  Badawi et al., (2017), Jones (2023) and Mosalem (2024).
Effect of storage package
Highly significantly differences among germination percentage, seedling vigor parameters, seedling vigor index, seed index and E.C value as affected by storage package under study were observed as presented in Table (2). Germination percentage for wheat seed stored within H.D.P package was significantly higher than Jute package  (93.28 % and 89.86 %), respectively. Meantime, storage with H.D.P recorded high value of seedling vigor (root length, shoot length and S.D.W) 14.18 cm, 12.83 cm and 22.04 mg), respectively. Also, H.D.P recorded high of seedling vigor index (S.V.I) 2.07 compared with Jute package 1.73. On the other hand, jute package gave the lowest viability (by increasing EC value). These findings agreed with those obtained by Naguib et al (2011), El-Sayed et al (2018), Gebissa (2023), Taha and El-Sawy (2023) and Hassan (2023).

Table (  2 ) The general effect of storage package and cultivars on germination, seedling vigor, Seedling vigor index (S.V.I), seed index and E.C.
	Treatment
	Germination
 %
	Seedling vigor 
	 (S.V.I)
	Seed index
(g)
	

	
	
	Root length (cm)
	Shoot length (cm)
	S.D.W (mg)
	
	
	E.C
 (µbmhose/g)

	Effect of package
	

	Jute
	89.86
	12.81 b
	10.64 b
	19.07 b
	1.73 b
	52.47 b
	20.50 a

	H.D.P
	93.28
	14.18 a
	12.83 a
	22.04 a
	2.07 a 
	54.78 a
	17.72 b

	F. Test
	* *
	* *
	* *
	* * 
	* *
	* *
	* *

	Effect of cultivar
	

	Sakha 95
	91.83 b
	13.44 b
	11.18 c
	19.09 c
	1.77 c
	54.71 b
	18.10 c   

	Giza 171
	93.33 a
	14.50 a
	11.78 b
	20.21 b
	1.90 b
	56.08 a
	19.01 b

	Misr 1
	89.54 c
	12.53 c
	12.26 a
	22.36 a
	2.03 a
	50.08 c
	20.22 a

	F. Test
	* *
	* * 
	* *
	* * 
	* *
	* *
	* *


**, * and NS indicated P< 0.01, 0.05 and not significant, respectively.
Effect of cultivars
Table (2) indicated that the germination percentage, seedling vigour (root length, shoot length and S.D.W ), seedling vigor index, seed index and E.C of wheat seeds were significantly affected by cultivars. Giza 171 was significantly higher in germination percentage, root length and seed index 93.33 %, 14.50 cm and 56.08 g.  respectively. In the meantime, Misr1 was significantly lower in germination, root length and seed index 89.54 %, 12.53 cm and 50.08g. Also, Misr 1 was significantly lower viability [ by increasing EC value]. On the other hand, Misr 1 was significantly higher in shoot length, S.D.W and S.V.I 12.26 cm, 22.36 mg. and 2.03, respectively. These results are similar to those recorded by Omar et al., (2012), El-Sayed et al (2018), Ibrahim (2023) and Li (2023).

Effect of interaction

The interaction effect between storage time and Treatment according to data collected is presented in Fig. (1-2). The highest seed index and viability (by decrease E.C value,) was recorded from seeds stored from normal treatment after 3, and 6 months storage .


Fig (2): Effect of interaction  between storage period and treat on seed index


Fig (1): Effect of interaction   between storage period and treat  on (E.C)


Regarding the interaction between storage time and package material (Fig.3-6)  revealed that the highest seedling vigor index (S.V.I), seed viability (by decrease E.C value), S.D.W and seed index was recorded from seeds stored inside H.D.P package after 3 and 6 months of storage. Fig. (3-6) observed a decline in (S.V.I),S.D.W, seed index and viability (by increase E.C value) 1.42, 16.31 mg, 49.5g.  and 25.11 when stored inside jute compared with stored inside H.D.P material 1.82, 20.19 mg., 52.78 g. and 20.98, respectively. The reduction in seed index is mainly attributable to the decrease in seed density during storage time. Similar results were reported by Mersal et al., (2006), El-Sayed et al (2018) and Jones (2023). 





	Fig (4): Effect of interaction  between storage 
           period   and   package on (S.V.I)
	




Fig (6): Effect of interaction  between storage period and package on (S.D.W)




Fig (3): Effect of interaction  between storage period and package on (E.C)



Fig (5): Effect of interaction  between storage period and package on seed index
       For the interaction between treatment and package material (Fig.7-11) revealed that the highest viability (by decrease E.C value), S.V.I, shoot length, S.D.W and seed index was recorded from seeds stored from normal treatment when stored inside H.D.P package 15.17, 2.38, 14.03 cm, 24.36 mg. and 56.44g, respectively. On the other hand, the lowest viability (by increase E.C value), S.V.I, shoot length, S.D.W and seed index was recorded from seeds stored from drought treatment when stored inside jute package. 24.07, 1.42, 10.01 cm, 16.60 mg and 50.17, respectively. Similar results were reported by Omar et al., (2012) and Jones (2023). 
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              Fig (8): Effect of interaction  between treat and package on (S.V.I)     

 Fig (7): Effect of interaction   between 
         treat and package on (E.C)


Fig (10): Effect of interaction  between treat and package on (S.D.W)


Fig (9): Effect of interaction  between
       treat and package  on shoot length






Fig (11): Effect of interaction  between Treat  and cultivars on seed index


The effect of interaction between cultivars and storage time on seed index is presented in Fig. (12). Giza 171 gave the highest seed index. Meanwhile, after 3 and 6 months, Giza 171 gave the highest seed index. On the other hand, after 3 and 6 months Misr 1 gave the lowest seed index. These differences between cultivars might be due to the genetic factors and seed chemical composition influence the expression on seed deterioration and vigor decline (Roberts 1972). 


Fig (13): Effect of interaction   between treat  and cultivars on seed index




Fig (12): Effect of interaction  between storage period  and cultivars on seed index

The effect of interaction between treatment and cultivars on seed index is presented in Fig. (13). Giza 171 gave the highest seed index. Meanwhile, seed index was recorded highest value from seeds stored from normal treatment compared with drought treatment 58.58 and 53.58 g., respectively. These differences between cultivars might be due to the genetic factors and seed chemical composition influence the expression on seed deterioration and vigor decline (Roberts 1972). 
The interaction between storage time, treatment and storage package according to data collected is presented in Fig. (14,15). The shoot length and seed index of stored seeds from normal treatment inside both H.D.P and jute gave the highest value compared with drought treatment inside both package.




Fig (15): Effect of interaction  between storage period, treat and package on seed index




Fig (14): Effect of interaction  between  storage period, treat and package on shoot length (cm )


Correlation between studied characters:-
Results in Table (3) indicated positive correlation between germination percentage and each of root length, shoot length, seedling dry weight, seedling vigor index and seed index, In addition, positive correlation between root length and each of shoot length, seedling dry weight, seedling vigor index and seed index. Furthermore, shoot length showed highly significant and strong positive correlation with both seedling dry weight, seedling vigor index and seed index Significant positive correlations among seedling dry weight seedling vigor index  and seed index. Meanwhile. Seedling vigor index showed positive correlation with seed index. On the other hand, negative correlation between germination percentage and E.C., between root length and E.C, between shoot length and E.C, between seedling dry weight and E.C, between seedling vigor index and E.C.


Table  ( 3 ) Correlation coefficients between means of studied traits of wheat 
cultivars under storage period, treat and storage package

	Treatment
	Shoot length
	S.D.W.
	Seed index
	(S.V.I)
	E.C

	Germination
	0.7841
	0.6995
	0.6621
	0.8004
	0.7897
	-0.8657

	Root length 
	1.0
	0.7197
	0.6333
	0.8563
	0.7178
	-0.8364

	Shoot length 
	
	1.0
	0.8425
	0.5652
	0.8661
	-0.7421

	S.D.W. 
	
	
	1.0
	0.4947
	0.9809
	-0.7583

	Seed index
	
	
	
	1.0
	0.6044
	-0.8167

	(S.V.I)
	
	
	
	
	1.0
	-0.8311

	E.C
	
	
	
	
	
	1.0



Conclusion
In general, loss of seed viability is common problem with increasing storage period. So,  based on the obtained results in this study  it could be recommended by using HDP packages  to reduce damages of storage and save seed viability as possible.
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