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ABSTRACT

An experiment was carried out at Sakha Agricuitural Research Station during
2010 and 2011 seasons fo study the effect of storage pericds, cultivars, environments
and package materials on germination, viability and seedling vigor of wheat grains.

Three cultivars of wheat (Gemmiza7, Sakha 93 and Giza 168) were used
during this study. Grains were packaged in three package materials (Jute, Jute coated
plastic, Metal cans) after that grains stored in three types of environments (Dust, Sand
and Ash). The stored grains were tested after two different periods for germination,
viability (Electrical conductivity and Acidity %) and seedling vigor (radical length,
plumule length and seedling dry weight). The obtained results recorded highly
significant differences among the tested cultivars for all studied characters. Moreover,
increasing storage pericd after harvest untii 18 months decreased significantly ail
characters except electrical conductivity and acidity percentage which were increased
with increasing storage period. Also, highly significant differences were observed
among grains quality characters due to the different storage environments. Grains
stored in ash had the worst characters as compared with other environments while
grains stored in dust and sand gave the best characters. Moreover, grains stored in
metal cans produced the best characters while, grains stored in jute bags gave the
worst characters. |t could be recommended that using metal cans to store wheat
grains tell 18 months without using any chemicals is the best method for saving
viability and seedling vigor.

INTRODUCTION

The purpose of seed storage is to preserve planting stocks from one
season to the next. In some cases, the objective of seed storage is to
maintain seed quality for the longest duration possible to be utilizing for
nutritional consumption. This approach creates a greater diversity in seed
inventory and provides a guarantee to sead supply in years when acceptable
seed quality and production is low (Thamaga-Chitja ef al., 2004). In addition,
seed storage enables the maintenance of germplasm over time for improved
plant breeding programs {Copeland and McDonald, 1995).

The major determinants of storage risk are moisture, temperature,
type of storage bags and time of storage (Hong ef al., 1994). In some parts of
the world, especially in the tropics, conditioned storage is necessary in order
to maintain high viability of some seed from harvest to planting (Harrington,
1870).
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In recent years, packaging seeds in moisture-barrier containers to
prevent loss of viability and resistant or hermitically sealed containers for
storage and marketing has explored. The purpose of such containers is to
maintain seeds at safe storage moisture levels (Copeland and McDonald,
1995). Seeds in package that are not completely impervious to moisture may
gain or lose moisture with time. Seeds in small packages gain or lose
moisture faster than seeds in large packages. Therefore, small packages
requite better moisture-barrier materials than do large ones for equal
moisture protection (Bass, 1971).

Despite significant advances in food storage methods, many African
and South African communities still rely on traditional storage methods for
seed to be used as food and fodder (Olakojo and Akinlosotu,2004 and
Thamaga-Chitja et al., 2004) because 1- Chemical insecticides have serious
drawbacks such as genetic resistance, toxic residues,” worker safety,
increasing costs of application and decreasing seed viability. 2- Small-scale
farmers may not have facilities to store their seed at 4-10°C.

The aim of the present investigation was to study the effect of
storage periods, varieties, environments and package materials on
germination, viability and seedling vigor of wheat grains.

MATERIALS AND METHODS

This investigation was carried out in the laboratory of Seed
Technology at Sakha Agricultural Research Station, Kafr E!l-Sheikh during the
period from May, (2010) to November, (2011) to study the effect of two
storage periods [6 months (A1) and 18 months (A2)], three wheat cultivars
[Gemmeza 7(B1), Sakha 93(B2) and Giza 168(B3)], three storage
environments [Dust (C1), Sand (C2) and Ash (C3)] and three package
materials [Jute (D1), Jute coated plastic (D2} and Cans (D3)] on germination,
viability and seedling vigor of wheat grains. Factorial design in completely
randomized (CRD) was used (Gomez and Gomez, 1984).

Samples of wheat grains were obtained from the season of 2010
after harvesting (15 kg from each cultivar). The samples were sieved and
cleaned from dust, husk or any inert materials then divided into three
portions. The first portion was kept without storage. The second portion was
packaged in [Jute (D1), Jute coated plastic (D2) and metal cans (D3}]. Each
package was filled with 500 g of seeds and stored in three different
environments [Dust (C1), Sand (C2} and Ash (C3)]. The third portion was the
same of the second portion. Random grain samples were taken from each
package at two different periods of storage [after 6 months of storage (A1)
and after 18 months of storage (A2)].

Data were recorded on standard germination:- Test was carried out
under optimum conditions according to internationa! rules testing (ISTA.
20086).

Acidity percentage:- Grain samples were taken at random from each
plot and grounded to fine powder to pass through 2 mm mesh to determine
acidity percentage according to (AQAC, 1999).
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At the beginning of storage germination %, viability and seediing
vigor of wheat grains were measured on an original weight basis as follows in
table 1

Table 1: Germination, viability and seedling vigor of wheat grains as

measured before storirl?r.

. Wheat
Characters studied Gemiza7 | Sakha.93 | Giza168
Germination (%) 100 100 100
Conductivity (u-mhos/g) 13 13.9 13.4
Acidity (%) 0.20 0.22 0.21
Radical length (cm) 14 14.5 14.2
Plumule length (cm) 15 15.7 15.3
eedling dry weight (mg) 24 24 24
RESULTS AND DISCUSSION

Increasing storage period significantly decreased germination
percentage, radical length, plumule length and seediing dry weight. The
decline in these traits was associated with an increase in electrical
conductivity values and acidity percentage (Table 2). Similar results were
reported by El-Aidy (1988), El-Borai ef &/. {1993}, Soad (1997), Ei-Aidy et al.
(2001) and El-Sayed ef a/. (2004a).

A highly significant difference among studied cultivars for ali traits
were obtained. Sakha 93 was significantly lower in germination percentage,
radical length and higher in eleclrical conductivity and acidity
percentage(Table 2).

For storage environments highly significant differences were obtained
in all tested characters. Grains stored in ash gave the lowest germination
percentage, radical length, plumule length and seedling dry weight ,while it
gave the highest values in electrical conductivity and acidity percentage. On
the other hand grains stored in dust and sand gave higher values in
germination percentage, radical length, plumule length and lower values in
electrical conductivity and acidity percentage { Table 2).

Data cleared that grains stored in metal cans significantly superior to
the other two package materials. Grains stored in cans gave higher values in
germination percentage, radical length, plumule length, seedling dry weight
and lower values in electrical conductivity and acidity percentage. These
results are in harmony with those reported by Soad (1997).
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Table 2: Germination, viability and seedling vigor of wheat grains as
affected by storage periods, cultivars, environments, package
materials and their interactions.

‘Germination| Conductivity

(%) (w-mhos/g)

A = Storage period

. Plumule Dry
I e?;:#:::m Ie(mgtsh weight
cm (mg)

Acidity (%

After 6 months 9620 a | 14125 b [ 0284 b | 9260 a |[11070 a} 22 a
After 18 months 7271 b | 26644 a | 0572 a | 7959 b !9473 b| 18 b
F‘- test -k i £ 2] e -n x
B = Cultivars
Gemmiza 7 8552 a | 19581 ¢ [ 0417 b | 8589 b [10411a 20
akha 93 8338 c¢c | 21274 a [ 0451 a | 835 ¢ (10135 Db 20
Giza 168 8448 b | 20288 b | 0416 b | 8.885 a {10.269ab 20
F. test * - > i - N.&
C = Environments
Dust 8549 @ 19220 b | 0423 b | 8835 a [10.585 a 20
Sand 8535 a 192560 b | 0422 b | 8672 a [10.196b 20
Ash 8254 b | 22683 a | 0449 a | 8322 b ({10033 b 20
F. test ok i £3 ] ok b d NS
D = Package materials
Hute 6365 ¢ | 32135 a | 0677 a | 7006 ¢ (8715 c| 18 b
Mute coated plastid 9329 b | 150624 b ! 0317 b | 8872 b [10.606 b| 20 ab
Cans 96.43 a | 13994 ¢ | 0290 c | 9952 a |11594 a| 22 a
F. test e ET S - k £ wh
Interactions
AXB ke e L X ] aw -8 -
axC L *. NS NS NS NS
AxD LN ) a-a Lx 3 am »e -
BxC NS NS NS - .. NS
BxD Ly ] LE] -l LA L3 2 NS
CxD LX) .e *re -8 L2 NS
WxBxC NS NS NS .* .- NS
xB"D X L] - X3 X L33
AXCXD e -8 NS aw e -
BxCxD NS | * NS bl " NS
PxBxCxD NS NS NS e - NS

*, ™, NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the
same letter within columns are not significantly different according to Duncan's multiple
range test.

The interaction between storage periods and cultivars indicated
highly significant differences in all studied characters (Table 3). Data clear
that increasing storage period significantly decreased germination percentage
and seedling vigor with all cultivars. On the other hand increasing storage
period significantly increased electrical conductivity values and acidity
percentage. These results are in harmony with those reported by El-Sayed
and Abd El-Aziz (2005) and Govender et al. (2007).
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Table 3: Germination, viability and seedling vigor of wheat grains as
affected by the interaction bhetween storage periods and

cultivars.
. . . Radical Plumule Seedlin
Periods | Cuitivars | Germ. | E.C | Acidity | | .~ gthiem) | Lengthicm) |dry wﬁgm gl
B1 887 al|13.67e/028cd| 933 a 11.37 a 23 a
1A% B2 95.7 a|1459d|0.3 cj 937 a 1105 b 234 a
B3 96.2 al14.20d[0.272d! 909 a 10.79 ¢ 232 a
B1 74.3 b|25.69¢i0.554b| 785 ¢ 946 d 18 b
A2 B2 652 d|27.95a/0601a] 7.34 d 949 d 176 b
B3 72.7 ¢|26.39b/0.561b] 868 b 947 d 186 b
Sl . " ik ke £t s *

*, ** NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the
same letter within columns are not significantly different according to Duncan's multiple
range test.

The interaction between storage periods and environments indicated
significantly affected germination percentage and electrical conductivity
vaiues (Table 4). Results clear that grains stored in ash gave the lowest
germination percentage and the highest electrical conductivity value. In
contrast grains stored in dust and sand gave the highest germination
percentage and the lowest electrical conductivity value during the two storage
periods. These resuits are in agreement with those recorded by Soares et al.
{1993) and Tippes (1995).

Table 4: Germination and electrical conductivity of wheat grains as
affected by the interaction between storage periods and

environments.

Periods Environments Germ. E.C
C1 96.6 a 1408 ¢
A1 c2 96.5 a 1407 c¢
3 955 a 1422 ¢
C1 744 b 2438 b
A2 C2 742 b 2443 b
C3 62 ¢ 31156 a

'ST: 2 dedke

*, **, NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the
same letter within columns are not significantly different according to Duncan's multiple
range test.

Highly significant interaction was obtained between storage periods
and package materials in all studied characters (Table 5). Results showed
that grains stored in metal cans remained higher values in germination
percentage, seedling vigor and lower values in electrical conductivity and
acidity. On the other hand, grains stored in jute bags gave lower values in
germination percentage, seedling vigor and higher values in electrical
conductivity and acidity during the two storage periods. Similar results were
obtained by El-Aidy et al. (2001) and El-3ayed (2004b).
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Table 5. Germination, viability and seedling vigor of wheat grains as
affected by the interaction between storage periods and
package materials.

. Package . Radical Plumule Seedlin
Periods materigls Germ. EC Acidity length{cm) | length{cm} dry weightﬁng!
D1 933 di1442 c{0342 c| 859 d 999 ¢ 218 ab
Al D2 87.2 b|1409 cd| 0269 d| 892 ¢ 11.26 b 23.8 a
D3 98.2 a|[1386 d| 0.24 e 10.27 a 1196 a 24 a
D1 34 f[4885 a[1.011 a}{ 542 e 744 e 14.8 ¢
A2 D2 89.4 /1596 b/0.366 b| 883 cd 875 d 17.2 be
03 947 ci{1413 cdi 0.34 ¢c| 963 b 11.23 b 22 a
@g Ll ek i *% i AN

*. **, NS indicate P<0.05, P<0.01 and not significant, respectively. Means
designated by the same lefter within columns are not significantly different
according to Duncan's multiple range test.

Data clear that Gemmiza 7 stored in dust gave the highest value in
radical and plumule lengths while, Giza 168 had the lowest value of radical
and plumule lengths when stored in ash environment (Table 6). Similar
results were reported by El-Aidy et af. (2001) and El-Sayed et al. (2004a).

Table 6: Radical and plumule lengths of wheat grains as affected by the
interaction between cultivars and storage environments,

. . ! Radical Plumule
Cultivars Environments | Length{cm) Length(cm)
C1 B.65 bc 10.767 a
B1 C2 8.461 cd 10.178 bcd
C3 8.656 bc 10.289 bc
C1 8.583 be 10.594 ab
B2 c2 8472 cd 10.394 abc
C3 8011 d 9817 d
C1 9.272 a 10.394 abc
B3 c2 9.083 ab 10.017 cd
C3 83 cd 9.994 cd
Sig *k b

* ** NS indicate P<0.05, P<0.01 and not significant, respectively. Means
designated by the same letter within columns are not significantly different
according to Duncan’s multiple range test.

Highly significant differences were found in all traits except seedling
dry weight to the interaction between cultivars and package materials
(Table7). Results indicated that grains stored in metal cans gave higher
values in germination percentage, radical length, plumule length and lower
values in electrical conductivity value and acidity percentage with all cultivars.
In contrast grains stored in jute bags gave lower values in germination
percentage, radical length, plumule length and higher values in electrical
conductivity and acidity percentage with all cultivars. These results are in
harmony with those recorded by El-Aidy (1988), El-Aidy et a/. (2001) and EI-
Sayed et al.(2004b).
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Table 7: Germination, viability, raclical and plumule lengths of wheat
grains as affected by the interaction between cultivars and
package materials.

] Package . Radical Plumule
cultivars materigls Germ. E.C Acidity Length(cm) | Length(cm)
D1 65.8 ¢ (3043 c| 0867 b 6.83 d 85 f
B1 D2 94 b 1464 of|0.308cd| 889 b 10.74 ¢
D3 96.8 a |13.67 h| 0.276 e 10.05 a 11.99a
D1 61 e (3416 a| 0718 a 6.18 e 853 f
B2 D2 929 b 1537 d| 0.328 ¢ 8.96 b 10.76 c
D3 96.2 a 143 fg | 0.305¢cd| 95922 a 11.52 b
D1 642 d [3182 b} 0645 b 8.01 ¢ 911 e
B3 D2 93 b {1506de|0.314cd} 877 b 10.02d
3 96.3 a |[1401gh|0.289de| 9.883 a 11.28 b
l A ik i ke el W
* * NS indicate P<0.05, P<0.01 and not significant, respectively, Means cesignated by the

same letter within columns are not significantly different according to Duncan's multiple
range test.

ighly significant differences were found in all traits except seedling
dry weight due to the interaction between storage environments and package
materials (Table8). Data showed that grains stored in jute bags and ash
environment gave lower values in germination percentage, radical length,
plumule length and higher values in electrical conductivity and acidity
percentage ,while grains stored in metal cans and dust or sand gave higher
values in germination percentage, radical length, plumule length and lower
values in electrical conductivity value and acidity percentage. Similar results
were recorded by El-Sayed et al. (2004b).

Table 8: Germination, viability, radical and plumule lengths of wheat
grains as affected by the interaction between storage

environments and package materials.
. Package oy Radical Plumule
Environments materigls Germ. E.C Acidity Length(cm) | Length(cm)
D1 65.8 d |28.79 b|0.668 b 761 d 9333 d
c1 D2 93.9 b (14.89 ¢[0.309 cd 8.92 b 10.81 b
D3 966 a [13.98 d{0.201 d 9.97 a 11.62 a
D1 65.9 d [28.84 b| 0664 b 6.91 e 863 e
ic2 D2 93.9 b 1491 ¢|0.312 cd 9.19 b 1043 ¢
D3 962 a|14 d|0289 d 9.92 a 11563 a
D1 59.2 e [38.78 al 0.697 a 6.49 f 8.183 f
C3 D2 92 ¢ |18.27 ¢/ 0329 ¢ 851 ¢ 1028 ¢
D3 964 al|14 d| 0288 d 9.97 a 1164 a
S' . e ke *%x i o

* **, NS indicate P<0.05, P<0.01 and not significant, respectively, Means designated by the
same letter within columns are not significantly different according to Duncan's muitiple
range test.

adical and plumule lengths significantly affected by the interaction
among storage periods, cultivars and environments ( Table 9). Sakha 93
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stored in ash environment had the lcwest radical and piumule length after 18
months while, grains stored in dust environment gave the highest radical
iength for Sakha 93 after 6 months but, Gemmiza 7 had the highest value for
plumule length when grains stored in dust environment ( Table 9). Similar
resuits were reported Soad (1997), El-Aidy ef a/.(2001) and El-Sayed et af.
(2004b).

Table 9: Radical and plumule lengths of wheat grains as affected by the

interaction between storage periods and cultivars.
. : . Radical Plumule
Periods | Cultivars | Environments Length{cm) Length{cm)

B1 C1 9.24 de 11.58 a
B1 2 9.47 bc 11.38 b
B1 C3 9.27 cd 11.14 cd
B2 C1 10.03 a 11.26 bc

A1 B2 C2 9.3 bcd 11.17 cd
B2 C3 B77 g 10.72 e
B3 C1 95 b 11.07 d
B3 c2 §.17 def 10.59 e
B3 C3 86 g 10.73 e
B1 C1 8.06 h 996 f
B1 C2 746 | 8.98 j
B1 C3 804 h 943 h
B2 C1 713 j 993 f

A2 B2 c2 764 i 8962 g
B2 C3 7.26 j B.91 |
B3 C1 9.04 ef 972 g
B3 c2 g f 9.44 h
B3 C3 8 h 926 i

Slg ik *k

* **. NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the
same letter within columns are not significantly different according to Duncan's multiple
range test.

The interaction among storage pericds, cultivars and package
materials indicated highly significant differences in all traits (Table 10). Data
showed that grains stored in jute hags gave lower values in germination
percentage, seedling vigor and higher values in electrical conductivity and
acidity percentage with all cultivars especially sakha 93 while grains stored in
metal cans gave higher values in germination percentage, seedling vigor and
lower values in electrical conductivity and acidity percentage with all cuitivars
especially Gemmiza 7. These results are in harmony with those recorded by
El-Aidy (1988), E!-Aidy et al. (2001) and El-Sayed ef a/.(2004a).
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Table 10: Germination, viability and seedling vigor of wheat grains as
affected by the interaction among storage periods, cultivars
and package materials.

. . Package g Radical Plumule Seedling
Periods | Cultivars materials Germ. EC Acidity Length{cm) | Length{cm) |dry weight{m
iB1 D1 93.9bc [13.86 fgh|0.336 de! 8.91 cde 10.34 fg 22 abc
B1 D2 97.7 a 113.54gh| 027 fgl 9.07 bed 11.51 be 23.8 ab
B1 D3 98.5 a]1332nh 0232 g 1C_a 12.24 a 23.4 ab
B2 D1 §2.4 ¢ | 14.87¢ [0.371 cd| 853 ef 101 g 21.8 abe
A1 82 D2 96.8 a {14.54ef | 0278 f| 9.2 bcd 11.27 cd 238 ab
B2 D3 97.8 a [14.38efg| 0.251 fg| 10.37 a 11.78 b 244 a
B3 D1 93.6bc [ 145311032 e| 834 f 953 h 21.4 abc
B3 D2 96 a.9 [14.19e-hj0.258 fg| 848 ef 11.01 de 24 ab
B3 D3 98.2 a [13.80fgh!0.238 fg| 1044 a 11.84 ab 24.2 a
B1 D1 377 e |47 ¢]0.998 b 4.74 h 6866 | 14.8 be
B1 D2 90.3 d | 15.74d [0.346¢cde| B.71 def 9.98 g 17.2 abc
B1 D3 95 b [14.02e-h|0.319 e 10.1 a 1173 b 22.2 abe
B2 01 296 g | 53.44a [1.066 a 3.83 897 | 134 ¢
A2 B2 D2 89 d |16.18d | 038 ¢ 872 gef 10.24 g 17.2 abc
B2 D3 847 b [14.22e-h[0.359cde| 948 b 11.26 cd 22.4 ahc
B3 D1 345 f 49110 |0S7 b 767 g 869 i 16.4 abc
B3 D2 89 d |1593d[0.371 cd! 9.06 bed 9.02 i 17.6 abc
B3 D3 943 b (1413 e-h|0.341 cde! 9.32 be 10.71 ef 21.6abe
Sig: Ead - k x% i Ll
* ** NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the

same letter within columns are not significantly different according to Duncan's muitiple
range test.

Data in Table 11 showed highly significant differences in all traits
except acidity percentage due to the interaction among storage periods,
environments and package materials. Results indicated that grains stored in
jute bags and ash environment gave lower values in germination percentage,
seedling vigor and higher values in electrical conductivity at the end of
storage period. On the other hand grains stored in metal cans and dust or
sand gave higher values in germination percentage, seedling vigor and lower
values in electrical conductivity at the end of storage period. Similar results
were recorded by Soares et al. (1993) and Tippes (1995).

Highly significant differences were found in radical and plumule length
due to the interaction among cultivars, storage environments and package
materials (Table 12). Data showed that grains stored in jute bags and ash
environment gave lower values in radical length and plumule length with all
cultivars especially Sakha 93, while grains stored in metai cans and dust or
sand gave higher values for radical and plumule lengths with all cultivars,
These results are in harmony with those reported by Scad (1997) and
Govender et al. (2007).

The interaction among storage periods, cultivars, environments and
package materials indicated highly significant differences in radical and
plumule length (Tables 13and 14). Results indicated that grains stored in jute
bags and ash environment gave the lowest radical and plumule lengths at the
end of storage period with all cultivars especially sakha 93. On the other hand
grains stored in metal cans and dust or sand gave the highest radical and
plumule lengths with all cultivars at the end of storage period {18 month).
Similar results were obtained by Ei-Borai ef al. {1993}, Soad (1997), El-Aidy
et al. (2001) and El-Sayed et al. (2004b).
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Table 11: Germination, electrical conductivity and seediing vigor of
wheat grains as affected by the interaction among storage
____periods, environments and package materials.

. i Seedhing
Period . Package Radical Plumule

s | Environments materigls Gem. | EC || angthcm) | Length(cm) wgigdh%mg)

CT 1 (94 c[14.36 d[ 9.25 1037 d [ 0.1 ad

CT—— vi §75 a[14.02 d| 9.1 c¢d_| 11.62 ab | 0118 a
Cl——3 8.3 _a[13. 033 & | 1197 a | 01212

A1 CZ D1 94  c¢[14.34 d| BZ6 tg §93 de 108 a-d
Hz 97.5 a[14.02 d| _9.53 1128 bc [ _0.1194

Co2—— T 98.2 a(13.86 d| 1014 ab | 1192 a | 0113 &
C3\“—’B1 918 d[14.56 d| 828 fg | 973 & | 0108 ad

C3 Dz 965 ab|14.23 d] 8.02 g | 1089 ¢ | _0.121a
__‘__CT\“br’_‘QB.‘I ali3.87d 1033 a | 1198 a 017 &
CT i 377 4322 B[ 587 h | 8536 T 077 cde

vi 90.4 d[15.76 ¢ 5.66 ef | 999 de | 009 ae

95 bo141 dl 9.61 ¢ | 11.27 bc | 0.108 ad

T 378 TA333 b, 557 h | 7.22 g | 0076 de

f‘z (503 d[158 c| B.84 de | 959 e | D.0BBa-e
C2 — T— (943 c[14.14 d 963 bc | 11.13 ¢ | U.131ab¢

5T 767 963 al 4711 563 h_| U071 e

S 376 e 1631 ¢ 8.9 de | _Ub7 e DT B-e
El&u&—_mff Be(14.13dl 96 ¢ | 113 be | 0112 ab

» ™ NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the same letter

Within columng are not slgnificantly different according to Duncan's multiple range test.

Table 12: Ejectrical conductivity, radical and plumule lengths of wheat grains
as affected by the interaction among cultivars, storage

ph_____environments and ackagf.' materials.

Cult Package ~ Radical Plumule
___ﬂ“_"ﬂs__ Environments | materfals Length(cm) Length(cm)
"ok IE— o] 74__h 54 kim
S B—— D2 85 _ efg 7082 dg
K1 D3 10.05 a 11.88  ab
cz I Df 59 Kk 7783 p
B1 o] 02 538 bc 10.73 _e-h
o ] D3 101_a 12.02_a
3 | D1 718 hi 8317 0
3 D2 878 of 10.58 fgh
N A D3 10__ab 11.07_ab
1 D1 653 | 907 Imn
R D2 918_cd 11.17_cde
oE E—— D3 10.03_ab 11,55 _abc
2 —— ] B} 5.48 | 812 Imn
B2 o7 R — 02 5.12_cde 10.62_fgh
o D3 982 ab 17.45_bed
3] D1 553 k 742 p |
cs D2 8,58 dxg 10.45 gh
€3 | _ D3 992 ab 11.55 abc
IR '+ E—— D1 8.9 cf 9.53 K
T ] D2 3.08_cde 10.33 hi
SE D3 883 ab 11.32_cd
cz D1 8.35 fg 8.98 mn
B3 ] b2 3.07 cde 995 |
Iz D3 9.83 &b 11.12 c4
g3———— |~ D 5.77 1 8.82 _n
ok J——— D2 8.15 g 9.77 K
- B b3 398 ab 114 _od
L-—— Ig J[ £ I ET3

" ", NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by the

same letter within columns are not significantly different according to Duncan's multiple
range test.
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Table 13: Radical length of wheat seedling as affected by the interaction

among storage periods, cultivars, environments and
package materials.
Environments Package materials
Periods Cuitivars Jute coated
Jute plastic Metal Cans
Dust 927 ck [ 84 ko | 1007 ag
Gemmiza 7 Sand 827 l-o 10.03 a-h 10.1 a-f
Ash 92 dl | 87 jn | 9.83 a-i
6 month Dust 85 b4 | 1007 adj 1083 a
[Sakha 93 Sand 8.37 k-0 9.4 c 10.13 a-e
Ash 773 op | 813 m-o | 10.43 ab
Dust 9 m | 9.1 gm | 104 ab
Giza 168 Sand 8133 m-o | 817 el | 102 a<
Ash 79 np | 717 p 10.73 a
Dust 553 ¢ 8.6 j-o | 10.03 a-h
Gemmiza 7 Sand 353 s 8.733 j-n [ 1041 a-f
Ash 517 aqr 8.8 i-n 1017 a-d
18 month Dust 357 s 83 ko | 953 by
akha 93 Sand 46 r 883 jn | 95 b-j
Ash 333 s 9.03 im 9.4 cf
Dust 8.8 Fn ] 907 hm | 927 ck
Giza 168 Sand 8.57 jo 8.97 Fm | 947 b
Ash 563 q 9.13 fI 9.23 cf |

Means designated by the same letter within columns are not significantly different
according to Duncan's multiple range test.

Table 14: Plumule length of wheat seedling as affected by the

Interaction among  storage  periods, cuitivars,
environments and package materials.
Periods cult Environments Pach:t_ge matte:ais
ultivars e coate
Jute plastic Metal Cans
ust 1063 gk [1177 ae [1233 =2
iGemmiza 7 Sand .23 +-m H1.67 ae 12.23 ab
Ash 0.17_|n i Kl d-h _T1237 a-c
& months ust 1043 h-m_[1163 ae 117 a-e
#akha 93 and 10.23 i-m 11.37 cg 11.9 a-d
[ Ash 963 mp [10.8 H 11.73 ae
ust 0.87 kp 11.47 bf 1.8/ ad
’Gizawa Sand 533 or 108 1] 1163 ae
Ash 5.4 nq (077 f4i [12.63 a-c
ust 8.17 -t 10.07 j-0 11.63 a-e
|Gemmiza 7 and 33 v 8 o [11.8 a-g
- Ash 47 u 10.07 j-0 11,7/ a-e
18 months Dust 7 L 6.7 14 174 cg
[Sakha 93 and st B7 ko 11 el
IAsh 2 v 18.17_j-n 1137 c-g
Dust 2 pq 82  pg  10.77 19
Giza 168 and B3 gs 9.1 pg 10.6 g-l
Ash 23 B.77 qr 10.77 1

Means designated by the same letter within columns are not significantly

according to Duncan's multiple range test.

1085

different



Omar, A. M. ot al.

CONCLUSION

From the obtained results, it could be recommended to use metal
cans to store grains for 18 months without using any chemicals. Grains
stored with this method will remain germination percentage, viability and
seedling vigor with a little decline.
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