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A B S T R A C T

Maize cultivation is mainly distributed in the dry zone of Sri Lanka that mainly 
occupied by exotic hybrid varieties. Local maize hybrid Sampth faces huge competition 
from the exotic ^varieties due to several reasons, among which poor packaging during 
storage and low seed germinability are quite significant. A proper seed storage technique 
yet to be developed for this variety for the dry zone of Sri Lanka where average 
temperature and relative humidity (RH) are approximately 30°C and 80% respectively, 
a condition where rapid degradation of the seed germinability can occur if seeds are not 
appropriately packed. Seed germinability is affected mainly by temperature and 
moisture content. Secondary factors such as insect and disease attacks also affect 
germinability severely. Stored seeds exposed to outside environment will absorb 
moisture until it reaches equilibrium with the environment depending on environmental 
temperature and RH leading to loss of germinability. Therefore, two experiments were 
conducted to study the effect on germinability of packaging material and packing 
methods. In the first experiment, four available packaging materials viz. woven 
polypropylene (WPP), wcven polypropylene lined with low density polyethylene (LDPE), 
black LDPE (Bl.PE) and Metalized polyethylene terepthalate (MPET), were tested to 
select the best packaging material to store Sampth seeds in the DL! region of the dry zone 
of Sri Lanka. The packaging material which maintained lowest seed moisture contents, 
microbial and pest infestations, MPET, proved to be the best material preserving 
germinability of 90% at six and half months of storage. Seeds stored in other materials 
lost germinability below 80% at or before three months of storage. Study was further 
extended to find out the effect of vacuum packing and normal packing using MPET on 
germinability of seeds of Sampath against Ruwan, a popular open pollinated variety. 
Results revealed that vacuum packing can preserve germinability 1.5 times greater than 
the normal packing at 9 months of storage. Results also revealed that there was no 
difference in storage behavior of the hybrid or the open pollinated variety in either 
packing methods.
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IN T ROD UCTIO N

Maize cultivation in Sri Lanka has gradually increased over  the last 
several years and became the most important coarse grain crop, covering a 
cultivated extent o f  52,000 ha by the year  2008 (Sri Lanka customs, 2008). 
With the expansion o f  cultivation, exotic hybrid varieties became popular  and 
imported 707 tons o f  seeds in 2008 (Sri Lanka Custom, 2008), indicating the 
higher dependency o f  seed industry on imported seeds. To fulfill a long felt 
need o f  the country, the first local hybrid maize variety ‘S a m p a th ’ was 
released in year 2004. However, loss o f  germinabil ity within 3-4 month o f
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storage in woven polypropylene (com m only  called as ‘Poly s a c k ’) bags was 
recognized as the major  reason for the poor popularity  o f  the local hybrid.

Maize seeds are orthodox seeds where  the mois ture  content  o f  dried 
seeds reaches equil ibrium with the relative humidity  o f  surrounding air 
(Nkhom a and Mwila , 1997). Increase in seed mois ture  content  and 
temperature reduce seed longevity where  the later is the most  influential factor 
(Justice and Bass, 1978). Germinabii i ty  o f  seeds stored using a given 
packaging material will depend on permeabil ity  to water  vapor  and air o f  the 
material.  Various authors have reported that packaging material with low 
permeabil ity to water  vapor and gases can preserve germinabii i ty  (M uangkaeo  
et al., 2005, Gc, 2006, Janara, 2006).

Metthananada  et al. (2002) reported that gauge 500 L D P E  can be used 
to store maize seeds o f  variety R uw an  in the wet and intermediate  zones o f  Sri 
Lanka. However ,  neither  loss o f  germinabii ity o f  Sam pa th  hybrid under dry 
zone condit ions nor methods for extending seed longevity have been 
investigated up to date. The present study attempted to identify an effective 
packaging material  for preserving germinabii ity  o f  the local hybrid maize 
seeds. The best-identif ied packing material was used to study the possibil ity o f  
extending the seed longevity o f  hybrid and O PV  maize seeds using vacuum 
packing.

M A T E R IA L S  A N D  M E T H O D S

T w o  studies were  carried out at the Field Crops  Research  and 
Developm ent  Institute, M ahai l luppal lam a during 2008/09  m aha  and 2009 y a la  
seasons. .

E xp erim en t I

E ffect o f  pack ag in g  m ateria l on germ inab iiity  o f  ‘Sampath'* seed s

Local hybrid maize  variety 'S a m p a th ’ FI seeds harvested from 2008 
y a la  was  used for the study. Seeds were threshed manually  and treated with 
Pirimiphos methyl 25 ml/  10 1 o f  water  followed by sun dry ing  to reach 
moisture content be low 12.0%. Sun dried seeds were  packed immediately 
after reaching room tempera ture  in 2 kg packs using four  different  packaging 
materials viz. woven  polypropylene or (W PP),  W oven  polypropylene  with 
inner low densi ty  polyethylene gauge 500 liner (W P P + L D P E ) ,  black low 
density polyethylene o f  gauge 300 (Bl.PE) and metalized polyethylene 
terepthalate  (MPET).  Permeabil i ty  o f  each material to oxygen and water  vapor 
are given in Table  1. Packs were arranged over w ooden  racks in one  layer and 
stored under ambient  conditions. All the t rea tments  were  arranged in 
Complete ly  Random ized  Design with 3 replicates.
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Initial properties o f  the seeds were measured before seeds are being 
packed. Initial standard germination o f  seeds used was determined using sand 
bed method and the initial moisture content was determined by constant- 
temperature oven method (ISTA, 2008). Presence o f  stored grain insect pests 
was determined by taking a pest count by visual observation o f  the presence o f  
adult pest/larvae/pupae/eggs/debris and counting the num ber  o f  damaged 
seeds out o f  100 seeds. As an indicator o f  microbial count num ber  o f  seeds 
with mycelia  growth was taken by placing 50 surface sterilized seeds over a 
dampen tissue on a covered tray and visual observation o f  morphological 
characters after 7 days.

Table 1. Permeability of packaging materials

M ateria l 0 2 transm ission rate  
(cc /tn /2 4  h at I arm,22°C, 

90%  RH)

H 20  transm ission  rate  
(g /24  h r /  n f  at 37* C, 

90%  RH)
W oven po ly p ro p y len e - -

Low  density  p o ly e th y len e (G au g e 800-2600 18
500)
Low  density  p o ly e th y len e (G au g e 2 0 0 0 -7 5 0 0 9
200)
Metal ized P E T <1.2 <0.8
Source: S ach a ro w , 1976 and  H anlon , 1992

Three packages from each packaging material were  randomly picked 
and opened to obtain samples in 20 days interval for 6'A months (8 months 
from the time o f  harvesting) and standard germination, mois ture content, 
presence o f  pest and microbial counts were determined as described in the 
initial measurements. Remaining seeds after sampling were discarded.

E xperim ent II

Effect o f  vacuum  packaging vs. norm al packaging on m aize hybrid and  
O PV  seeds using M PE T

Local hybrid maize variety Sam path  FI  seeds and open pollinated 
variety R uw an  seeds harvested from 2008/09 m aha  season crops were used for 
the study. Seeds were threshed manually and treated with Pirimiphos methyl 
25 ml/ 10 1 o f  water followed by sun drying to reach moisture content below' 
12.0%. The best selected packing material from the experiment  I (MPET) was 
used for the study. Sun dried seeds o f  both varieties were packed using norma! 
packing method and vacuum packing method using the selected packing 
material in 2 kg packs immediately after reaching room temperature .  The 
experimental design was 2-factor factorial CR,D \yith 3 replicates.
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Initial standard germination, initial moisture content, presence o f  
stored grain pests and initial disease count were determined before seeds are 
being packed using the methods described in the experiment  I. Three packages 
from the four treatments were picked randomly and seed samples were 
obtained in 30 days interval for 9 months (for approx. 12 months from 
harvesting time) and standard germination, moisture content, presence o f  pest 
and diseases were determined as described in the initial measurements . 
Remaining seeds after sampling were discarded.

D ata analysis

Germination percentages, pest and microbial counts o f  treatments were 
analyzed using SAS Statistical software by procedure C A T M O D  (Binary data 
analysis).  A N O V A  was performed to find the t reatment effect for moisture 
content o f  seeds during storage time and mean separation was done by DMRT. 
Regressions lines for moisture content and microbial counts  were fitted using 
M INITAB software.

R E SU L T S A N D  D ISC U SSIO N

E xperim ent I

E ffect o f  packaging m aterial on germ inability  o f  S am path  seeds

M axim um  and minimum air temperature  and RH o f  the research station 
during the study period is given in table 2. Daily m ax im um  temperature  
ranged between 29-32° C and RH reached m axim um  o f  96%  during the 
storage period.

Table 2. Monthly average temperature and relative humidity at Mahailluppallama 
during study period

M onth a n d  Year

A verage Tem perature  "C M onthly  A verage R H  % (Relative H um idity)

M axim um M inim um
6.00
am

9.00
am

12.00
am

3.00
p m

6.00
p m

9.00
pm

O cto b e r ,2008 32.1 22.7 94 85 66 67 79 87
N o v e m b e r ,2008 30 .7 22 95 89 71 70 81 89
D e cem b er ,2008 29.3 21 96 91 76 74 81 91
Jan u a ry ,2009 .29.5 19.9 96 91 71 68 75 . 90
Source: D a ta  base , M ah a i l lu p p a l lam a  m e teo ro lo g y  reco rd in g  s ta tion . D e p a r tm en t  o f  
M eteoro logy .

Seed m oisture contents

Seeds stored in W PP reached to a moisture contents above 14% within 
25 days (Table 3) and moisture content was significantly higher than the seeds 
stored in other  packages. Seeds stored in Bl.PE and L D P E + W P P  reached
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moisture contents above 14% after 2 and 5/4 months respectively, while 
MPET was able to maintain seed moisture content  below 12 %  throughout  the 
storage period.

Table 3. Average moisture content (%) of seeds stored in different packaging materials 
at different sampling dates

Packaging  
male rials

Percent m oisture content (wet basis)
0

:  D AP
25

D AP
46

D AP
66

D AP
91

D AP
14(i 

D A P
170

D AP
198

D AP

W PP 1 1.4 14.5a 14.9a 15.0a 15 .4a 1 5 .6 a \ 5 .T 15 .9 a

W P P + L D P E 1 1.4 11.5b 1 1.2C 1 1.5° 11.6b 12 .3b 15.8a 15.8a

Bl.PE 1 1.4 11.4b 12.3b 14.4a 14.8a 15.6 a 15 .8a 1 5 . l a

M P E T 1 1.4 1 1.3b 10.9C 12 .7b 11.7° 11.5b 1 1.2b 10 .2 b

C V % 1.5% 1.9% 1% 2 % 1.5% 1.7% 2 %
M ean  values  withufo!lowed by the  sam e letter are not s ign if ican tly  d if fe ren t  a t  P =  0 .05 . M ean  
separation  by D M R T  m ethod . D A P: days af te r  pack ing

Seeds absorb moisture from surrounding environment  until they reach 
equilibrium moisture content; a value depends on the type o f  seed, storage 
temperature and RH. Equilibrium moisture content o f  yellow dent maize seeds 
at 25°C in 75% and 90% RH is 14.8% and 19.1% respectively (Justice and 
Bass, 1978). It can be assumed from the data that equil ibrium mois ture content 
o f  the maize seeds stored in dry zone would be approximately  15-16%1 Seeds 
stored in W PP are exposed to the surrounding environment  through the gaps 
between its woven threads, thus reach equil ibrium mois ture rapidly as 
revealed by the results.

As the permeabil ity  o f  LDPE to water  vapor  is high (Table 1), at 66 days 
seeds stored in Bl.PE reached moisture contents above 14% which is 
significantly higher than the that o f  W PP+LD PE  and M P E T  at the same date. 
Seeds stored in L D PE +W PP have gained added protection from 2 layers in 
packaging, thus reached moisture content above 15% after 5/4 months.  M P ET  
proved to be the least pervious to moisture and thus mois ture content  o f  seeds 
stored in this package was stable since seeds have not absorbed mois ture from 
outside compared to the other  packages throughout the storage period. 
Moisture content o f  the seeds store in M P E T  at the final date o f  storage was 
significantly lower than other  packages

Insect pest and d iseases infestations

Average number  o f  seeds damaged by insects is given in table  4. Seeds 
stored in WPP, Bl.PE and W PP+LD PE were completely affected by insect 
pest after 170 and 198 days respectively, where a high population o f  stored
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grain pests was observed in these samples. Increase o f  moisture contents, 
easily penetrable packaging materials and availability o f  oxygen inside the 
package due to high permeabil ity to oxygen (Table  1) m ay  result in 
proliferation o f  insects. Low moisture contents restrict insect activities and 
maximum recommended moisture content for safe storage for maize is 11-12 
% (Flanders, 2010). On contrast,  M P E T  was able to maintain damaged seed 
count below 2%  throughout the study period with no storage pests.

T abic  4. P ercen ta g e  o f  seeds d a m a g ed  by stored  grain  pest o f  seed s  s to red  in d if feren t  
p a ck a g in g  m a ter ia l  d u r in g  storage  t im e

Vo dam age seeds
Packaging

m ateria1 25
D AP

46
DAP

6 c
D AP

91
D AP

140
D A P

n o
D AP

198
D AP

W PP O 5 5 16 14 100 100
W P P + L D P E 0 0 0 0 15 35 100
Bl.PE 0 o 9 13 100 100
M P E T 0 0 o (.) 9 "> A

DAP: Days af te r  p ack in g

Microbial infestations o f  the seeds stored in different packaging mater ials are 
given in and figure L Seeds stored in WPP. W P P + L D P E  and Bl.PE were 
completely  infected after 170 days.

W PP = 8.647 - 0 .0 1 0 8  t im e +  0 .0 0 2 6 0 7  t im e2, R2 = 9 5 .2 %
W P P + L D P E  = 13.43 - 0 .2 5 4 7  t im e +  0 .0 03715  t im e2, R 2 =  9 1 .8 %
Ql.PE = 10.12 +  0 .0 4 4 6  t im e  +  0 .002253  tim eL  R" = 95 .2%
M P E T  = 11.8 — 0 .0 1 0 7  tim e , R 2 =  14.7%

F igure 1. P er cen ta g e  o f  m icro b ia l  in festa t ion  o f  seeds s tored  in d if fer en t  p a ck a g in g  
m ater ia l  d u r in g  s tu d y  period
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Microbial infestation o f  seeds stored in these three materials showed 
high positive relationship with time, while it was stable in MPET. Saprophytic 
and parasitic seed borne fungi remain dormant will grow after moisture 
content o f  cereals reach above 14% (Justice and Bass, 1976). As permeability 
to moisture and 0 2 are higher in WPP and BI.PE, they provide a better 
environment for growth o f  microorganisms.

M PET can protect seeds from insect pest and disease due to its high 
barrier for gas and water  vapor and prevent entering insects from outside by its 
slippery surface characteristics. Further other three materials were easily 
damaged by an insect multiplied inside the package as well, which was not 
observed in MPET. Increase in insect pest and diseases directly reduce the 
germination o f  stored seeds. Further, it was also observed that some o f  the 
WPP and BI.PE packs were damage by rodents indicating that they are 
disadvantageous as packaging materials.

Seed germ inability

Effect o f  packaging material on seed germinability is shown in Fig. 2. 
Seeds stored in all packaging materials maintained seed germinabil ity above 
80% during First 66 days in storage without significant differences in 
germinability (Chi-square Probability>0.05). Germinabili ty o f  seeds stored in 
WPP, BI.PE, W PP+LD PE started to decline significantly (Chi-square 
probabil ity<0.001) after 91, 140 and 170 days respectively. The former 2 
materials were able to maintain germinability above 80% for only about 2 
months, while combination o f  W PP+LDPE was able to maintain the same 
germinability for about one month longer. In contrast, seeds stored in M PET 
maintained seed germination above 80% throughout 6.5 months storage period 
which is equivalent to 8 months from the harvesting date.

As all the packages were stored under same environmental  conditions, 
effects o f  temperature and RH on seeds stored in different packages are 
similar. Therefore, characteristics o f  packaging materials,  which resulted in 
differences in, "seed moisture contents, pest and microbial counts  (Table 3, 4 
and Fig. 1) could be considered as the causes for differences in germinability. 
Among these factors moisture content is the most influential factor, which in 
turn triggers pest and microbial proliferation (Flanders, 2010, just ice and 
Bass, 1976). Results confirm that seeds stored in materials with higher 
permeability reach higher moisture content within shorter time and loss 
germinability faster, followed by seeds stored in materials with comparatively 
lower permeability.
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7+ — W PP— □ — WPF4-PE -  -a -  b  .PE— * — MPET

Figure 2. Effect of different packaging materials on germination percentage during the 
storage period

E xp erim ent II

E ffect o f  vacuum  pack agin g  vs. norm al packagin g  on m aize hybrid  and  
O PV  seeds using M P E T

Air tempera ture  and RH o f  the research station during the s tudy period is 
given in Table  5. Daily m axim um  temperature  was around 30° C and RH 
ranged around 53-95.

Seed m oisture con ten ts

Average  percent  moisture content o f  the seeds stored in normal and 
vacuum M P E T  packs are given in table 6. initial mois ture  percentages were 
8.87 and 8.94 respectively. Although data shows increase o f  mois ture  content 
with time, there were no significant  relationship between mois ture  content  and 
time o f  storage in both varieties in a n y  packing method, indicat ing that all the 
packages were able to maintain a stable moisture content  below 12% without 
reaching equil ibrium with environment  due to good mois ture  barrier properties 
o f  the MPET.

Interaction effect  between variety and packaging  method was not 
significant. H ow ever  the main effect o f  packing m ethods  was significant. 
Therefore, t rea tment  combinat ions were considered as individual treatments
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viz. normal packed Ruwan (RN), vacuum packed Ruwan (RV), normal  packed 
Sampath (SN) and vacuum packed Sampath (SV).

T able  5. M o n th ly  a v era g e  te m p era tu re  and re lative  h u m id ity  at M a h a i l lu p p a l la m a  
d u r in g  the s tu d y  period

M onth an d  Year
A verage Tem perature “C M onthly Avet age R H  °A> (Relative H um idity)

M axim um M inim um 6.00  
am

9.00
am

12.00
am

15. 00 
pm

18. 00 
pm

21.00
pm

M arch, 2009 33.9 21.8 95 87 61 55 66 86
April,  2009 33.5 23.9 93 83 66 61 73 85
May, 2009 -> -> f-t3 J> . / 25 .4 90 79 65 60 68 S3
June, 2009 32.8 24.9 91 81 65 61 70 84
July, 2009 33.4 24.8 86 78 61 55 64 77
A ugust,  2009 33.0 24.5 88 80 61 56 67 80
Septem ber ,  2009 32.7 24.5 ■ 88 77 61 58 65 80
O ctober,  2009 33.3 . 22.9 92 82 58 53 67 81
N o v em b er ,  2009 y 30.4 22.6 95 90 77 74 84 91
D ecem ber, 2009 29.7 22.7 95 93 80 77 86 92
January , 20 1 0 30.6 20.8 95 91 ' 69 65 73 89

Source: Data base, M ah a il lu p p a l lam a  reco rd ing  s ta tion , D e p a r tm en t  o f  M eteo ro lo g y .

T ab le  6. A v era g e  m o is tu re  (% )  co n tcn t  o f  the seeds  o f  the  va r ie t ie s  S a m p a th  and  R u w a n  
in N o rm a l and  V a cu u m  pack ed  M P E T  d u r in g  th e  s to r a g e  p er iod

Variety, P acking  
m ethod

Percent m oisture content (W et basis)
0

DAP
30

DAP
. 65 

DAP
92

DAP
120

DAP
153

D AP
215
D AP

276
DAP

R uw an, norm al 8.87 a 9.7 a 10.2 a 1 1 .6 a 1 1.5 a 1 1.3 a 1 1.4 a 1 1.3 a
S am path ,  norm al 8 .94 a 8.7 b 10.4 a 10.9 b 10.8 b 10.4 b 10.6 c 1 0.6 b
Ruw an, vacuum 8.87 a 8.8 b 9.7 b 10.7 c 10.2 c 10.2 b 10.4 b 10.3 b
S am path ,  vacuum 8.94 a 8.3 b 8.4 c 9.8 c 10.3 c 10 .0  b 9.8  d 9.9 c

C V % 2.1 1.3 1.03 1.49 1.3 0.2 i . 1 6
M ean va lues  fo l lo w ed  by the sam e letter are  not s ign if ican tly  d if fe ren t  at P — 0.0b. D A P: days 
a l te r  packing.

Vacuum packed seeds o f  both varieties showed s ig n i f i c a n t ly  lower 
moisture content than the normal packed seeds during the storage period 
(Table 6). Vacuum packaging removes the initial air and water  vapor inside 
the package, which may also reduce moisture absorption by seeds.

Insect pest and m icrobial infestation

Average number  o f  seeds damaged by insects in each packaging 
method in both varieties is given in table 7. N um ber  o f  seeds damaged by 
pests was low and no insects/larvae/pupae or debris was found. Thus these 
damaged seeds can be attributed to field infestations and no insect
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multiplication or entering through packaging material during storage period 
has

T ab le  7. P ercen ta g e  o f  seeds d a m a g e d  by stored  gra in  pest o f  seeds  o f  the  variet ies  
S a m p a th  and R u w a n  in N o r m a l and V a c u u m  p a ck ed  M P E T  d u r in g  the s torage  
periotl

Variety/  p a ck in g % No. dam age seeds  / /  00 seeds
m ethod 0

D AP
so

DAP
65

D AP
92

D AP
120

DAP
153

DAP
215  
DA P

2 7 6
DAP

R u w a n ,  N o r m a l 2 ■ 2 2 oA 9 2 O 4

R u w a n ,  V a c u u m 2 £— 2 2 2 1
s

n 3

S a m p a t h ,  N o r m a l n 2 V
t 1 0 0 0 0

S a m p a t h ,  V a c u u m z .. 1 l 0 0 0 0 0

Storage time, days
— ®—  Rjwan, Normai — a  — Rjwan, Vacuum
— a—  Skmpath, Normai — x —  ^m pa th , Vacuum

F igu re  3_. C h a n g e s  in m icro b ia l  in festa t ion  o f  seeds  s to red  in d if fe r e n t  p a ck a g in g  
m a ter ia l  d u r in g  s tu d y  period

Average  num ber  o f  seeds infected with microorganism increased in 
normal packed seeds o f  both varieties, while it was m in im um  in vacuum 
packed seeds (Fig. 3). V acuum  packing limits oxygen and water  vapor for the 
growth and mult iplicat ion o f  microorganisms, thus even after  9 months o f  
storage presence o f  microorganisms were lower compared  to that o f  normal 
packed seeds.

Seed germ inab ility

According  to the binary data analysis, interaction effect was not 
significant between variety and packaging method. Therefore  interaction term 
was not included in the modei. Main effect o f  packing methods was 
significant. Therefore, trea tment  combinat ions were considered as individual 
treatments as in the analysis  o f  moisture content. Percent  germinabil i ty  o f  the
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seeds o f  two varieties in both packing methods is given in Fig. 4. Up to 5 
months o f  storage, germinability o f  all treatments was above 75%. At 9 
months o f  storage (i.e. approximately 12 months from the date o f  harvesting), 
germinability o f  norma! packed seeds o f  both varieties reduced significantly 
(chi square P<0.001) compared to that o f  the vacuum packed seeds. Vacuum 
packing can preserve germinability by 1.5 times higher compared to normal 
packing at 9 months storage and extend storability by 2 months.

Figure 4. V ar iation  o f  g erm in a t io n  p ercen tage  o f  the seeds  o f  the variet ies  S a m p a ih  and  
R itw a n  in N o rm a l and V a cu u m  packed  M P E T  d u r in g  th e  s to ra g e  period

C O N CLU SION

Seeds o f  maize hybrid Sampcith can maintain germinability above 80% 
only for less than 3 months when stored using woven poly propylene, biack 
poluethylene, woven poly propylene + low density poly ethylene under 
ambient conditions o f  DL1 region o f  Sri Lanka. Thereafter,  due to increase in 
moisture contents, insect and microbial infestations germination drops. 
However, Metal ized Polyethylene Terepthalate preserved the 80% 
germinability for six and ha lf  months (8 months after harvesting) with 
comparatively low moisture contents, disease and microbial infestations. 
Vacuum packing using Metalized polyethylene Terepthalate can preserve 
germinability up to 9 months with 1.5 times higher germinability compared to 
normaly packed Metalized polyethylene Terepthalate. Further, seeds o f  hybrid 
variety Sampath and open pollinated variety Ruwan showed no difference in 
storage behavior in either packing method.
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