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ABSTRACT 

 
Experiments were carried out at Rice Research and Training Center during 

2004 growing season and storage period from October 2004 to March 2006. The 
study aimed to investigate the effect of grain storage periods with different levels of 
nitrogen fertilization (0, 23, 46 and 69 Kg N/ fed.) or storage moisture content of 14, 
16, 18 and 20 % on discolored grains, fungal association and seed germination. The 
results showed that percentage of discolored grain and fungal association with rice 
grains increased by increasing storage periods regardless to the moisture content. On 
the other hand, seed germination decreased with the increase of storage period. Two 
types of bags were used to store the grains (striped plastic and jute sacks). The 
percentage of grain discoloration and associated fungi increased in striped plastic 
than in the jute sacks. The discoloration percentage and associated fungi on stored 
grains increased under 0 and 69 compared with 46 or 23 nitrogen levels. Giza 177 
was the most affected cultivar with previous nitrogen levels, followed by Sakha 101, 
while, Giza 178 was the least one. Concerning the effect of rice grain moisture content 
with storage period on rice cultivars, data showed that the discoloration percentage 
increased with increasing of grain moisture content, while the germination percentage 
decreased. Giza177 and Sakha 104 were the most affected cultivars showing the 
highest discoloration percentage, associating fungi and the least germination. 
Alternaria spp, Bipolaris oryzae and Fusarium spp, were the most common fungi on 
grains before storage, while after 16 months of storage, the common fungi were 
Aspergillus spp and Penicillium spp. Presence of Rhizopus spp was the least one. In 
the greenhouse, eleven fungi were used for artificial inoculation on Giza 177. Bipolaris 
oryzae induced the highest grain discoloration (58.6 %) followed by Alternaria 
padwickii. and Curvularia lunata with 51.3 and 48.2 %, respectively. While Aspergillus 
spp and Penicillium spp. and un-inoculated pots showed the least grain discoloration 

with 2.2, 1.9 and 1.5 %, respectively.       

 

INTRODUCTION 

 
Rice (Oryza sativa L.) is one of the most important cereal crops in the 

world that is used in feeding more than half  of the world's population (IRRI, 
1997). The rice seed discoloration results in heavy losses to the crop (Das 
and Narain, 1988). The post–harvest treatments are important to maintain 
rice yield and quality. These treatments include temperature of drying, 
storage moisture content, storage conditions and storage duration (Danield et 
al 1988 & Pearce et al 2001). Seed health refers primarily to the presence or 
absence of disease–causing organisms such as fungi, nematodes, bacteria, 
viruses and insects associated with seed (Fujisaka et al., 1993). The 
importance of seed quality in realizing full potential of a variety is well known. 
Seed vigor is recognized as an important seed quality parameter distinct from 
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germinability (Seshu et al., 1988). Misra (1992) found that seed discoloration 
of rice (associated with several fungi) increased by increasing the levels of N 
fertilizers. El- Wahsh (1997) reported that seed discoloration was higher at 
zero nitrogen and high nitrogen (80 kg/fed),but lower at 40 kg/fed. Pinciroli et 
al., (2004) found that the grain germination percentage decreased 
significantly with the higher doses of nitrogen. They added that germination 
was inhibited in variable proportion by different fungi with a range between 
23.2% ( in case of Epicoccum spp) and 100% ( in case of Bipolaris oryzae). 
Mallick and Nandi (1979) & Shatta and Salem (1999) reported that Rice 
seeds stored on12 to 21% moisture contents for up to 135 days in 70% 
relative humidity at 28±20C increased invasion of grain by fungi and reduced 
germinability were proportional to the increase in grain moisture content and 
to increased time in storage. Also, at higher moisture content, the population 
of storage fungi, mainly species of Aspergillus and Penicillium increased with 
increasing storage period. Rahman and Mata (1998) found that seeds in 
storage carried both field and storage fungi. The most predominant field fungi 
were Alternaria padwickii, Bipolaris oryzae and Curvularia lunata and the 
predominant storage fungi were Aspergillus spp. and Penicillium spp. The 
incidence of storage fungi was higher in earthen containers than in gunny 
bags. Macedo et al (2002) evaluated the health quality of rice seeds stored in 
multifoliated paper, and polyethylene bags. There was no effect of bag type 
on seed health. The fungi found on the rice seeds were Pyricularia grisea, 
Bipolaris oryzae, Fusarium spp., Phoma spp., Curvularia spp., Cladosporium 
spp., Alternaria spp., Penicillium spp. and Aspergillus spp. The incidence of 
Penicillium spp. and Aspergillus spp. increased gradually during 12 months of 
the experiment.  Sunaina et al (1988) observed gradual increase in seed 
discoloration through out year, but percentage germination was unaffected. 
Fusarium equiseti was the predominant of six species detected in the 
standing crop before storage. Aspergillus and Penicillium spp. were only 
recorded in samples of the standing crop after storage. 

 The objectives of the current study were to determine the effect of 
packaging materials, storage period with different moisture content and 
nitrogen fertilization rates on grain discoloration, seed viability and common 
fungi in rice seeds during storage. 

 

MATERIALS AND METHODS 
 
Effect of storage periods, nitrogen fertilization levels and type of bags 
on grain discoloration, seed viability and fungi occurring in rice seeds:-    

Seed samples of Giza 177, Giza 178 and Sakha 101 rice cultivars 
were collected from verification experiments at two governorates i.e. Kafr El-
sheikh and Dakahlia in 2004 season. The seeds were stored starting from 
October 2004 up to March 2006 at Rice Research & Training Center (RRTC) 
laboratory at Sakha. Four levels of nitrogen (urea 46.5% N), 0, 23, 46 and 69 
Kg nitrogen/ fed were applied. Two thirds of the nitrogen dose was 
incorporated into the dry soil, while the last third was added thirty days after 
transplanting. A split-plot design with four replication were used. The rice 
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cultivars were in main plots, where nitrogen levels were in sub-plots, the plot 
size was 4x5 m. Thirty day-old seedlings were transplanted at the spacing of 
20x20 cm with three plants/ hill. After harvest, the seeds were sun dried and 
adjusted to 14 % moisture content (Gann hydromette G 86 Set). The seeds 
were stored in two types of bags, jute sacks and striped plastic under open 
shed storage for eighteen months. Seed samples were taken every six 
months of storage for testing by blotter methods (ISTA; 2004).    
Effect of moisture content, storage periods of rice cvs. on grain 
discoloration,  seed viability and fungi occurring in rice seeds :-  

This experiment was conducted during 2004 growing season at 
Sakha Agricultural Research Station Farm. Five rice cultivars namely Giza 
177, Giza 178, Giza 182, Sakha 101 and Sakha 104 were tested in a 
completed randomized block design (R-C-B-D) with four replications. The plot 
size was 4x5m. Thirty day-old seedlings were transplanted in rows with three 
plants/ hill. The nitrogen fertilizer was used as urea (46.5% N) at 60 units N/ 
fed. Two thirds of the nitrogen dose was incorporated into the dry soil, while 
the last third was added thirty days after transplanting. Just after harvest, the 
seed samples were collected and moisture content were adjusted by Gann 
hydromette G 86 Set to 14, 16, 18 and 20 % with sun drying. The samples 
were stored under open shed storage for sixteen months starting from 
October 2004 up to January 2006. Seed samples were taken every four 
month of storage to determine fungi associated with rice seeds, percentage 
of seed discoloration and seed viability.  
Technical assessment:- 
A - Blotter Method: 

This method is used for detecting of fungi associated with rice seeds 
as suggested by ( ISTA  2004).  In this experiment, the morphological 
characters of fungi, which formed the base for identification of different seed 
borne pathogens, were carefully observed directly over seeds using stereo-
binocular microscope.  In this method, three layers of white blotters were 
Jointly soaked in sterilized water and placed in 9 cm diameter Petri dishes.  
Twenty five seeds, depending on their size, were placed per Petri plate at 
equal distance and 400 seeds were taken for each treatment.  The plates 
were then incubated at 25oC + 1 under alternating cycles of 12h near-ultra 
violet (NUV) light and 12 h darkness. Seeds were examined after 5-8 days 
under stereo-binocular microscope for the determination of fungi.  The 
compound microscope was also used for confirmation of occurring fungi.  
B-Dry examination:  

One hundred seeds were examined visually under stero-binocular 
microscope to separate discolored seeds from healthy ones, (Khanzada  and 
Khan 1987). 
Germination Test:  

400 seeds were incubated on two layers of blotting papers 
moistened with distilled water and placed in Petri dishes (25 
seeds/plate ) at 28oC± 1. The germination percentage was calculated 
after 5-8 days. 
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Laboratory and greenhouse studies:-  
Samples of discolored stored grain of different cultivars were used to 

isolate the most common fungi detected in this study. Among the isolated 
fungi, only eleven were selected for conducting pathogenicity test as 
presented in Table (10), by single inoculation under greenhouse conditions. 
Fungal Isolation:  
The discolored grains were surface sterilized by immersing in 0.5% sodium 
hypochlorite solution for 2 minutes, washed several times in sterilized distilled 
water and blotted between two sterilized filter papers, then transferred into 
Petri dishes containing filter paper. Sporulation occurred 48 hours after 
incubation in Petri dishes at 250C and 100% relative humidity under 
continuous light fluorescent. Monoconidial cultures of the isolated fungi were 
obtained by the use of single spore method on 20% water agar (WA) for 24 
hours, under 12/12 hr. dark and light at 250C in the incubator. The 
germinated single conidia were picked and transferred to be grown and 
multiplied on PDA medium (200g potato, 20g dextrose and 20g  agar /1000 
ml distilled water) and incubated under fluorescent light for 10 days at 25 oC, 
then the spores were harvested. (at density at least 25 spores / microscopic 
field). 
Pathogenicity test: 

Giza 177 rice cultivar (the most sensitive for grain discoloration) was 
seeded in plastic pots ( 30cm diameter ), as three hills (five grains / hill ) per 
pot. The pots were kept in the greenhouse at 25 – 30oC and fertilized with 
urea 46.5% N, for three times at of 5 g /pot. Artificial inoculation with 100 ml 
spore suspension of each of the tested fungi adjusted to 5 x 104 spores / ml 
were sprayed at early heading stage. Electerical spray gun (atomizer) was 
used for inoculation of four replicates for each fungus. While, 100 ml of 
distilled water was sprayed as check. 2.5 g/l of gelatin were added to spore 
suspension inoculums to enhance infection (Bastiaan, 1993). The inoculated 
plants were held in a moist chamber with 90% R.H at least and 25-280C for 
48 hours, then moved to the greenhouse conditions. At the late of maturity 
stage, the crop was harvested and the discolored grain percentage and 
unfilled grains were determined.   

 

RESULTS AND DISCUSSION 
 
Effect of storage periods, nitrogen fertilization levels and type of bags 
on grain discoloration, seed viability and fungi occurring in rice seeds :- 

Data in Table (1) indicated that the percentage of discolored rice 
grains was higher in the plots without nitrogen application (zero) or higher (69 
Kg N/fed) nitrogen rate than in that with 23 and 46 Kg N /fed for all cultivars. 
The lowest discolored grains percentage was obtained under 46 kg N/fed. 
followed by 23 kg N/fed. Giza 177 had the highest seed discoloration followed 
by Sakha 101, while Giza 178 had the lowest percentage. The discolored 
grain increased gradually by increasing storage periods for all cultivars. The 
highest seed discoloration appeared after eighteen months of  storage. These 
results are in agreement with Misra et al (1992) & El- Wahsh (1997) and 
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Pinciroli et al (2004)  who reported that the discoloration of grains was 
different from cultivar to another. Also, seed discoloration increased with low 
or high nitrogen fertilizer. Seed discoloration was higher with rice grains 
stored in striped plastic than in jute sacks for all rice cultivars. On the other 
hand, the seed germination decreased by increasing storage period. Giza 
178 gave the highest germination compared with Sakha 101 or Giza 177 
(Table 2). Seeds stored in jute sacks gave higher germination than those 
stored in striped plastic especially with increasing storage period, (Table 2). 
[Rao (1992) and Muangkaw et al. (2005) reported that the rice germinibility 
and discoloration differed according to type of storage]. Data in Tables (3&4) 
show that the occurrence of most fungi increased gradually with increasing 
storage period (from 6 to 18 months). The highest increase was recorded 
with Aspergillus spp and Penicillium spp. The occurrence of Bipolaris oryzae 
on Giza 177 cv. decreased gradually from 14.9 to 5.1 in striped plastic bags 
and from 14.9 to 7.3 with jute sacks. The highest fungal occurrence was  
recorded on Giza 177 followed by Sakha 101 and Giza 178. Storage in jute 
sacks reduced the occurrence of rice grains associated fungi compared with 
striped plastic at both Kafr El-Sheikh and El-Dakahlia governorates. For 
example, Alternaria spp. on Giza 177 rice cv. increased from 18.8 % prior to 
storage to 24.7 % after 18 months storage in jute sacks compared with 18.8 
% to 30.7 for the same treatment in striped plastic at Kafr El-Sheikh (Table3). 
The same trend was observed at El- Dakahlia governorate (Table 4). Results 
in Tables (5&6) showed that Bipolaris oryzae was higher on Giza 177 than on  
Sakha 101 and Giza 178 as affected by 0 and 69 Kg N/fed. at Kafr El-Sheikh 
and El-Dakahlia governorates. This may be due to the higher susceptibility of 
Giza 177 than the two other cultivars. Also, lower and higher nitrogen fertilizer 
rates are known to increase brown spot infection caused by Bipolaris oryzae 
as indicated by  Shatta and Salem (1999).  Also, Mia and Safeeulla (1998) 
found that viability of the B .oryzae gradually declined when seed with high 
moisture content (16%) were stored at 25±10C. Low temperature (15±10C) 
storage counteracted the high moisture effect.  

Generally, the higher percentage of occurrence of Alternaria spp. and 
Fusarium spp. were found on all cultivars at all nitrogen rates and the two 
types of bags as field infecting fungi than Nigrospora oryzae and Curvularia 
lunata in the tow governorates, (Tables 5&6).This may be due to the high 
effect of Alternaria spp. and Fusarium spp. on rice grain discoloration in 
addition to Biploaris oryzae than Nigrospora oryzae and Curvularia lunta. 
However, both Aspergillus spp. and Penicillium spp. were more common as 
storage fungi than Rhizopus spp. especially at 0 and 69 Kg N./fed on the 
tested cultivars (Table 5&6).  
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   Table (3): Mean percentage of common fungi occurring on seeds of rice 
cultivars stored for different periods in two types of bags 
regardless of nitrogen fertilization at Kafr-El-Sheikh 

governorate.  

Cultivar Fungi 

Striped plastic / storage 
period (month) 

Jute sacks / storage 
period (month)  

0* 6 12 18 0* 6 12 18 
G

iz
a

 1
7
7
 

Bipolaris oryzae 14.9 18 11.8 5.1 14.9 16.9 13.1 7.3 

Alternaria spp 18.8 18.4 23.3 30.7 18.8 16.5 21.7 24.7 

Fusarium spp 11.6 15 21.3 28.3 11.6 13.5 16.3 22.7 

Nigrospora oryzae 5.5 6.8 8.6 9.5 5.5 6.6 8.2 9.3 

Curvularia lunata 4.1 4.9 5.8 6.5 4.1 4.8 5.6 6.1 

Aspergillus spp 4.3 13.7 27.3 39.5 4.3 10.7 28.0 30.0 

Penicillium spp 3.3 14.5 26 32.7 3.3 12.5 22.7 31.0 

Rihzopus spp 0.5 3.3 5.3 7.5 0.5 1.3 1.7 6.0 

G
iz

a
 1

7
8
 

Bipolaris oryzae 8.8 11.3 5.4 1.5 8.8 10.4 6.5 2.1 

Alternaria spp 8.7 11.1 14.7 18.7 8.7 10.5 12.7 15.3 

Fusarium spp 6.3 8.9 10 14.7 6.3 6.8 8.1 11.7 

Nigrospora oryzae 3.1 3.2 4.1 4.8 3.1 3.2 3.6 4.4 

Curvularia lunata 1.6 2.3 3 3.7 1.6 1.9 2.3 2.9 

Aspergillus spp 4.3 10.3 21.0 27.0 4.3 8.3 17.7 23.3 

Penicillium spp 3.1 7.7 18.5 24.5 3.1 6.3 15.7 20.7 

Rihzopus spp 0.3 1.0 2.7 4.7 0.3 1.0 1.7 3.3 

S
a

k
h

a
 1

0
1
 

Bipolaris oryzae 12.6 14.7 8.9 2.2 12.7 13.6 9.7 4.6 

Alternaria spp 12.6 15.7 20.0 23.0 12.6 14.5 17.5 20.3 

Fusarium spp 8.1 11.0 14.7 20.0 8.1 8.7 11.3 17.5 

Nigrospora oryzae 2.6 3.6 4.5 5.7 2.6 3.2 4.0 4.7 

Curvularia lunata 2.4 3.2 3.9 5.1 2.4 2.5 3.8 4.5 

Aspergillus spp 4.3 12.7 23 28.7 4.3 9.2 18.7 24.5 

Penicillium spp 4.7 11.3 21.3 26.7 4.7 8.5 17.7 23.5 

Rihzopus spp 0.5 1.5 1.7 2.3 0.5 1.0 1.7 2.3 

L.S.D 5 % 1.45 1.54 
* Prior to storage 
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Table (4): Mean percentage of common fungi occurring on seeds of rice 
cultivars stored for different periods in two types of bags 
regardless of nitrogen fertilization at El-Dakahlia 
governorate. 

Cultivar Fungi 

Striped plastic / storage 

period (month) 

Jute sacks / storage period 

(month) 

0* 6 12 18 0* 6 12 18 
G

iz
a
 1

7
7
 

Bipolaris oryzae 14.7 16.9 10.8 3 14.7 16.1 12.6 4.0 

Alternaria spp 13.8 17.2 22.7 27 13.8 15.7 20.0 23 

Fusarium spp 11.3 13.5 18.5 25.7 11.3 12.3 14.8 21.2 

Nigrospora oryzae 3.9 5.7 7.3 8.4 3.9 5.3 6.5 7.8 

Curvularia lunata 3.1 3.8 4.5 5.6 3.1 3.7 4.2 5.1 

Aspergillus spp 4.3 10.5 23.7 34.7 4.3 8.3 19.7 26.7 

Penicillium spp 3.7 12.3 23.5 33.3 3.7 9.5 20.0 26 

Rihzopus spp 0.0 2.3 3.7 9.3 0.0 1.3 3.3 6.7 

G
iz

a
 1

7
8
 

Bipolaris oryzae 10.1 12.2 7.3 1.7 10.1 11.2 7.3 2.3 

Alternaria spp 12.0 13.4 16.5 21.0 12 13 15.0 17.7 

Fusarium spp 6.9 9.7 11.5 16.7 6.9 7.5 9.0 14.0 

Nigrospora oryzae 2.3 3.6 5.1 5.7 2.3 2.8 4.0 4.9 

Curvularia lunata 1.9 2.8 3.6 4.6 1.9 2.3 2.8 3.7 

Aspergillus spp 12.1 11.3 22.7 29.5 12.1 8.3 16.7 21 

Penicillium spp 3.7 9.0 19.5 26.5 3.7 7.7 16.7 20 

Rihzopus spp 0.5 1.0 2.0 3.0 0.5 0.3 1.0 1.7 

S
a
k
h

a
 1

0
1
 

Bipolaris oryzae 14.3 16.5 11.4 3.1 14.3 15.4 12.2 4.1 

Alternaria spp 14.6 17.3 23.5 26 14.6 17 19.7 22.7 

Fusarium spp 9.0 11.6 16.7 23.7 9.0 10.7 13.5 20.3 

Nigrospora oryzae 3.4 4.2 5.9 6.8 3.4 4.0 4.8 5.7 

Curvularia lunata 2.7 3.6 4.9 6.3 2.7 3.5 4.2 5.3 

Aspergillus spp 4.7 10.5 22.3 28.5 4.7 8.5 18.4 26.5 

Penicillium spp 3.7 9.7 20.7 29 3.7 8.0 16.0 22.3 

Rihzopus spp 0.5 3.0 5.0 7.3 0.5 2.3 3.5 6.3 

L.S.D 5 % 1.11 1.09 

      * Prior to storage 
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Table (5): Mean percentage of common fungi occurring on rice seeds 
stored (two types of bags) for18 months collected from rice 
cultivars grown under different nitrogen levels regardless of 
storage period at Kafr El-Shiekh governorate  

Cultivar Fungi 

Striped plastic/Nitrogen 
level (kg/fed) 

Jute sacks/ Nitrogen level 
(kg/fed) 

0 23 46 69 0 23 46 69 
G

iz
a

 1
7
7
 

Bipolaris oryzae 18.8 9.3 7.6 14.1 19.6 9.7 8.1 14.7 

Alternaria spp 23.4 21.3 19.7 26.8 19.7 18.7 17.0 26.3 

Fusarium spp 19.3 17.5 15.7 23.5 16 15.5 12.5 20.5 

Nigrospora oryzae 6.8 7.7 7.7 8.2 6.7 7.5 7.4 7.5 

Curvularia lunata 4.2 5.4 5.1 6.7 4.0 5.3 5.2 6.2 

Aspergillus spp 21.8 19.0 17.2 26.2 18.0 20.2 14.5 22.8 

Penicillium spp 19.3 17.3 16.0 23.0 16.8 15.1 15.0 22.0 

Rihzopus spp 3.3 3.7 3.3 6.3 2.0 2.0 2.0 3.5 

G
iz

a
 1

7
8
 

Bipolaris oryzae 9.6 5.4 4.3 7.4 9.7 5.4 4.5 8.2 

Alternaria spp 13.7 11.5 10 18.2 12.0 10.7 8.5 16.0 

Fusarium spp 10.1 8.8 8.3 11.7 8.1 7.4 6.8 10.7 

Nigrospora oryzae 3.6 3.6 2.8 5.1 3.2 3.5 2.8 4.7 

Curvularia lunata 2.5 1.9 2.1 3.8 2.1 1.7 1.9 3.2 

Aspergillus spp 15.8 13.8 13.8 19.2 13.8 11.6 11.8 16.4 

Penicillium spp 13.2 12.0 12.0 16.6 11.0 10.5 10.5 13.8 

Rihzopus spp 0.5 2.7 1.0 4.7 0.3 1.3 0.7 2.7 

S
a

k
h

a
 1

0
1
 

Bipolaris oryzae 14.3 6.7 6.1 11.2 14.7 6.9 6.1 11.2 

Alternaria spp 17.8 16 14 23.6 16.1 14.3 12.5 22.1 

Fusarium spp 13.5 12.5 10.8 16.9 10.7 10.7 9.6 14.5 

Nigrospora oryzae 4.1 3.9 3.6 4.8 3.5 3.5 3.2 4.5 

Curvularia lunata 3.3 3.9 2.7 4.6 2.7 3.6 2.4 4.2 

Aspergillus spp 18.0 15.3 14.8 20.5 14.2 12.8 12.5 17.2 

Penicillium spp 16.3 14.5 13.9 19.3 13.3 12.3 11.9 17.0 

Rihzopus spp 1.5 2.0 0.0 2.5 2.0 0.7 0.5 2.0 

L.S.D 5 % 1.73 1.18 

Values in the table are the mean of four examinations at 6-month period 
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Table (6): Mean percentage of common fungi occurring on rice seeds 
stored (two types of bags) for18 months collected from rice 
cultivars grown under different nitrogen levels regardless of 
storage period at El-Dakahlia governorate.  

Cultivar Fungi 

Striped plastic/Nitrogen 
level (kg/fed) 

Jute sacks/ Nitrogen level 
(kg/fed) 

0 23 46 69 0 23 46 69 
G

iz
a
 1

7
7
 

Bipolaris oryzae 16.6 8.4 6.6 13.8 17.1 8.9 7.2 14.3 

Alternaria spp 19.9 18.6 17.5 24.8 17.5 16.6 15.3 23.3 

Fusarium spp 18.1 15.5 14.5 21.0 14.7 13.8 12.5 18.5 

Nigrospora oryzae 5.7 6.4 6.2 7.2 5.3 6.0 5.7 6.6 

Curvularia lunata 2.9 4.5 4.3 5.4 2.5 4.3 4.0 5.2 

Aspergillus spp 18.5 16.8 15.5 22.4 14.8 14.3 11.0 17.4 

Penicillium spp 18.0 16.8 16.2 21.8 14.2 13.7 13.5 17.8 

Rihzopus spp 3.7 3.0 3.3 5.3 3.0 2.0 2.0 4.3 

G
iz

a
 1

7
8

 

Bipolaris oryzae 10.1 6.6 5.5 9.1 10.6 6.1 5.1 9.1 

Alternaria spp 15.0 14.6 12.8 20.5 13.5 13.5 12 18.7 

Fusarium spp 11.0 10 9.5 14.5 9.3 9.3 7.7 12 

Nigrospora oryzae 4.2 3.7 2.8 5.8 4 2.5 1.8 5.6 

Curvularia lunata 2.9 3.1 2.5 4.5 2.1 3.2 1.9 3.6 

Aspergillus spp 17.0 15.2 15.0 20.8 12.2 11.5 11.2 9.5 

Penicillium spp 14.2 13.0 12.8 18.8 11.2 11.2 10.8 15.0 

Rihzopus spp 2.0 1.5 0.3 2.3 1.3 0.7 0.3 1.7 

S
a
k
h

a
 1

0
1
 

Bipolaris oryzae 16.3 8.5 7.6 12.7 16.3 8.8 7.7 13.1 

Alternaria spp 20.0 18.3 17.0 26.1 17.5 16.7 15.3 24.6 

Fusarium spp 15.6 14.3 12.7 18.5 13.5 12.7 11 16.3 

Nigrospora oryzae 4.6 4.9 5.2 6.2 4 4.3 4.4 5.5 

Curvularia lunata 4.0 4.4 3.4 5.7 3.5 3.9 2.8 5.5 

Aspergillus spp 17.2 15.0 14.2 19.5 14.5 13.3 13.0 17.2 

Penicillium spp 16.5 14.0 13.8 19.0 12.0 10.8 10.8 16.5 

Rihzopus spp 3.7 3.3 3.0 5.7 3.3 2.3 1.7 5.3 

L.S.D 5 % 1.58 0.55 

Values in the table are the mean of four examinations at 6-month period 
 

Effect of grain moisture content at harvest on seed discoloration and 
invasion by storage fungi in rice cultivars:-  

Results in Table (7) indicated that percentage of discolored grains 
slightly increased on the five tested cultivars when the grain moisture content 
was at its lower level (14%). The increase was from 20.6 to 23.4 % in Giza 
177; from 10.0 to 20.0 %; 12.0 to 23.0 %; 21.0 to 23.8 % and 6.0 to 8.8 % in 
Giza 178, Sakha 101, Sakhs 104 and Giza 182 prior to storage and after 16 
months storage respectively. However, the increase in grain moisture content 
from 14-16% to 18- 20 % was accompanied with high increase in grain 
discoloration for all cultivars. The increase was from 22.3 to 83.0 %; 12.5 to 
75.0 %; 13.2 to 80.0%; 22.3 to 85.0 % and 7.2 to 70.1 % for Giza 177, Giza 
178, Sakha 101, Sakha 104 and Giza 182 prior to storage and after 16 
months storage, respectively (Table 7). This indicates the significant role of 
keeping the grain moisture content at 14 % or lower to avoid higher 
percentages of grain discoloration especially with increasing periods of 
storage as indicated by Mallick and Nandi (1979) & Shatta and Salem (1999) 
and Muangkaw et al (2005) who reported that discolored grains and fungi 
increased by increase of either moisture content in seeds stored or storage 
period.   
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Table (7): Percentage of discolored rice grains of different rice 
cultivars as affected by storage period and levels of 
moisture content. 

*Prior to storage.  

 
Seed germination percentage as affected by moisture content (14-

20%) and storage periods (4-16 months) are presented in Table (8). At 14% 
grain moisture content, germination percentages decreased from 93.2 % after 
4 months storage to 81.0 % after 16 months storage for Giza 177 rice 
cultivar. For other cvs., the reduction was from 94 to 88 %; 93.4 to 86 %; 92.6 
to 81.0 %  and 97.4 to 90.0 for Giza 178, Sakha 101, Sakha 104 and Giza 
182, respectively. The increase in grain moisture content to 18 % or higher 
showed severe reduction in germination percentages of the five tested 
cultivars. For example, germination percentage was reduced from 8% after 4 
month storage to 0 % (no germination) after 8 month storage (or more) for 
Giza 177 rice cv. (Table 8). The same trend was observed with other cultivars 
indicating the importance of keeping grain moisture content at 14 % or lower 
to avoid seed deterioration especially with longer storage periods. There 
results are in accordance with those reported by Mallick and Nandi (1979) & 
Shatta and Salem (1999) who reported that loss of germinability were 
proportional to the increase in grain moisture content and to increased time of 
storage.   

 
 

 

Cultivar 
Moisture 

content % 

Storage period (month) 

0* 4 8 12 16 

Giza 177 

14 20.60 21.10 21.20 23.10 23.40 

16 20.60 23.00 26.00 30.00 48.00 

18 22.10 25.00 28.00 68.00 80.00 

20 22.30 30.00 35.00 72.00 83.00 

Giza 178 

14 10.00 10.10 14.00 16.00 20.00 

16 10.10 11.00 16.00 20.00 35.00 

18 12.30 18.10 50.00 63.00 72.00 

20 12.50 23.60 60.00 68.00 75.00 

Sakha 101 

14 12.00 12.20 15.00 18.00 23.00 

16 12.00 13.10 20.00 26.00 40.00 

18 13.10 22.40 55.00 60.00 75.00 

20 13.20 26.50 65.00 70.00 80.00 

Sakha 104 

14 21.00 21.70 21.20 23.70 23.80 

16 21.10 23.60 25.10 43.00 55.00 

18 22.10 26.00 31.00 60.00 80.00 

20 22.30 31.10 35.00 74.00 85.00 

Giza 182 

14 6.00 6.10 6.60 7.80 8.80 

16 6.20 7.90 9.10 9.80 12.30 

18 7.00 17.60 23.10 48.10 66.90 

20 7.20 19.10 29.90 62.30 70.10 

L.S.D 5% 3.36 
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Table (8): Percentage of seed germination of different rice cultivars as 
affected by storage period and levels of moisture content. 

Cultivar 
Moisture 

content % 

Storage period (month) 

4 8 12 16 

Giza 177 

14 93.20 93.00 90.00 81.00 

16 85.00 65.00 31.10 12.00 

18 8.00 0.00 0.00 0.00 

20 0.00 0.00 0.00 0.00 

Giza 178 

14 94.00 93.90 91.00 88.00 

16 88.00 81.00 71.00 35.00 

18 18.00 0.00 0.00 0.00 

20 2.00 0.00 0.00 0.00 

Sakha 101 

14 93.40 93.00 90.10 86.00 

16 87.00 70.00 59.00 30.00 

18 12.00 0.00 0.00 0.00 

20 1.00 0.00 0.00 0.00 

Sakha 104 

14 92.60 92.00 90.00 81.00 

16 82.00 53.00 29.00 10.00 

18 7.00 0.00 0.00 0.00 

20 0.00 0.00 0.00 0.00 

Giza 182 

14 97.40 97.20 95.00 90.00 

16 94.00 87.00 84.00 66.00 

18 25.00 1.00 0.00 0.00 

20 10.00 0.00 0.00 0.00 

L.S.D 5% 1.27 

 
Pathogenicity tests of common fungi occurring with grain discoloration:  

Data in Table (9) indicated that the occurrence of stored fungi 
increased with increasing of grain moisture content in all cultivars. Alternaria, 
Bipolaris and Fusarium spp were the most common fungi prior to storage, 
while Aspergillus and Penicillium were the most common fungi after storage 
for 16 months.  Christensen (1969) & Mallick and Nandi (1979) reported that 
at higher moisture content, the population of storage fungi, mainly species of 
Aspergillus and Penicillium increased with increasing period and 
accompanying decrease in the field fungi. 

Data in Table (10) revaled that Bipolaris oryzae resulted in the highest 
discolored grain (58.6 %) followed by Alternaria padwickii and Curvularia 
lunata (51.3 and 48.2 %, respectively). The nun-specific fungus Bipolaris 
hawaiiensis caused low discolored grains (14.3 %). spergillus spp, Penicillium 
spp and the untreated pots (treated by distilled water) had the lowest 
discolored grains ( 2.2, 1.9 and 1.50 % respectively). Dash and Narain (1988) 
inoculated five rice cultivars with fungal spore suspension i.e. 
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 Alternaria alternata, Curvularia lunata, Fusarium and Sporothrix sp at panicle 
emergence. They observed that the highest percentage of discolored grain 
was caused by Curvularia lunata, which ranged between 51 to 56.5 %, while 
the newly detected fungus, Sporothrix spp ranged from 13.8 to 17.5 %. Also, 
Lee et al (1986) and Islam et al (2000) reported that Alternaria padwickii was 
the highest occurring fungus ranging from 1.33 to 44 % and ranged from 1.0 
to 36.6 % in two tested rice cultivars. The other pathogens such as Curvularia 
sp., Fusarium moniliforme, Sarocladium oryzae and Bipolaris oryzae were 
also present on seeds and can cause grain discoloration. Curvularia lunata 
and Bipolaris oryzae had the highest percentage of unfilled grains as 30 and 
29.7 %, respectively followed by Alternaria padwickii and A. alternate as 22.8 
and 22.1. Lee et al (1986) mentioned that the discolored grains and unfilled 
grains differed according to invasion by fungi.  
 
Table (10): Percentage of discolored and unfilled grains induced by 

artificial inoculation with different fungi on Giza 177 rice 
cultivar in the early heading stag in greenhouse 
conditions.  

Isolate Discolored grain (%) Unfilled grain (%) 

Bipolaris oryzae 58.60 29.70 

Bipolaris hawaiiensis 14.30 3.30 

Alternaria alternata 40.80 22.10 

Alternaria padwickii 51.30 22.80 

Curvularia lunata 48.20 30.00 

Nigrospora oryzae 25.10 9.70 

Sarocladiun oryzae 19.30 4.50 

Fusariun spp 20.20 11.00 

Fusarium moniliforme 34.10 15.00 

Aspergillus spp 2.20 1.00 

Penicillium spp 1.90 0.90 

Control (distilled water) 1.50 0.80 

L.S.D 5% 1.67 1.55 
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د التسميت ومستويا اختلاف رطوبة الحبةبتأثير فترات التخزين علي فطريات تلون الحبوب 
 الأرز  بعض أصنافعلي  ى في الحقلالنيتروجين

 1اري حسنعمرو عبد الب و  2، السيد عبد المجيد فيظ الله1صلاح محمود الوحش
 مصر -مركز البحوث الزراعية –معهد بحوث أمراض النباتات  -قسم بحوث أمراض الأرز -1
 مصر -جامعة المنصورة –كلية الزراعة  –قسم أمراض النبات  -2

 

 حتتتتت  2004وتتتتت  خلات تتتتايا خنتأتتتتررخ متتتتا أ تتتتتوأر  2004 مو تتتت   أجريتتتته اتتتتسة خلالرخ تتتت   تتتت  
 أمر تتتا خلاأحتتتوم وخلاتتتتلري  ستتتب خلأرا أ تتت ر أ تتتل  راخلأ أحتتتوم أمتتترخ  ق تتت   متتت رأمع  .2006 متتترر 

أ تتتسه   .خلإنأتتترهون تتتأ  رلافطريتتتره خلامبتتترحأ   أن تتتأ  ت تتتوا خلاحأتتتو   لرخ تتت  تتتتترير ستتتترخه  خلات تتتايا ن تتتب
  وم انتتت (ستتتلخا /وحتتتلز أاوه 69تحتتته م تتتتويره نيتتتتروجيا م ت فتتت   بتتتفر حتتتت    نأرتتتترهخلاعينتتتره متتتا 

  .% 20حت   14أمحتوى رطوأ  
خلافطريتتتره خلاموجتتتولز و ايتتترلز  تتت  متتتا خلان تتتأ  خلام ويتتت  لا حأتتتو  خلام ونتتت    -: خلانتتتتر   وقتتتل  أت تتتره   

 ع  خلاعأتتتوخهتترراتتتر أنتتتو تتتسلا   ستتتترخه خلات تتتايا   أايتتترلز خن فتتتر  خلان تتتأ  خلام ويتتت  لا نأتتترهن تتت  خلاأتتتسرز  و 
 تتتتج   ن تتتتأ  خلاحأتتتتو  خلام ونتتتت  وخلافطريتتتتره خلام خلام تتتتت لم   رتتتت ر ر أ  تتتتتي   أجولاتتتت  جتتتتوه ( حيتتتتم تتتتتالخل

 نتتتتلخلأو ن تتتتأ      متتتتر اخله ن تتتتأ  خلات تتتتواجوهستتتتب خلاعأتتتتوخه خلاأ  تتتتتي  مقررنتتتت  أتتتترلا خلإنأتتتترهقتتتت  ن تتتتأ  وت
نتتتت  مقرر وحتتتتلز أاوه/ ستتتتلخا 69 &  0ت تتتتميل  همعتتتتلا و خلامتتتتت وسز متتتتا خلافطريتتتتره ستتتتب خلاحأتتتتو  خلام انتتتت 

و و رنتتتته أ رتتتتر خلأبتتتتنر  تتتتتتررخ أرلامعتتتترم ه خلا تتتترأق  اتتتت وحتتتتلز أاوه/ ستتتتلخا 46&  23أمعتتتتل  ت تتتتميل 
  خق    تتررخ.  را 178 أينمر خلابن  جياز  101  ر  ي يه خلابن  177از جي

 متتتتتتت  ستتتتتتتترخه (%  20 ,14,16,18   أوضتتتتتتتحه لرخ تتتتتتت  تتتتتتتتترير خلامحتتتتتتتتو  خلارطتتتتتتتوأب لا حأتتتتتتت           
   182  جيتتتتتاز 178  جيتتتتاز 177ن تتتتب  م تتتتت  أبتتتتنر  متتتتتا خلأرا واتتتتب جيتتتتتاز  (خرتتتتت ر 16 خلات تتتتايا
  %14متتتتا  ونتتتت  تتتتتالخل أايتتتترلز خلامحتتتتتو  خلارطتتتتوأب لا حأتتتت أا ن تتتتأ  خلاحأتتتتو  خلام  104و تتتت ر  101 تتتت ر 
 & 177أينمتتتتر تتتتتن ف  خلان تتتتأ  خلام ويتتتت  لا نأتتتتره  و تتتترا أ رتتتتر خلأبتتتتنر  تتتتتتررخ اتتتتو جيتتتتاز  %  20 إلاتتتت 

قأتتتت   خخلافطريتتتتره خنترتتتترر أ رتتتترتتتتتتررخ  وقتتتتل وجتتتتل أا  رخق  تتتت 182 أينمتتتتر  تتتترا خلابتتتتن  جيتتتتاز 104 تتتت ر 
أينمتتتر أعتتتل  Alternaria spp, Bipolaris oryzae and Fusarium sppخلات تتتايا  رنتتته  

 Aspergillus spp and Penicillium اتتت  خلافطريتتتره خلأ رتتتر خنترتتتررخ  رنتتته خرتتت ر 16متتترور 
spp أينمتتتر  تتترا سطتتتر Rhizopus spp لإحتتتلى  وألرخ تتت  تتتتترير خلاعتتتلوى خلابتتتنرنب   .  خنترتتتررخ رخق  تتت

  177جيتتتتتاز  خلابتتتتتن ن تتتتت   تحتتتتته تتتتترو  خلابتتتتتوأ  (خلاحأتتتتتو  خلام انتتتتت  تتتتتت  نالا تتتتتر متتتتا  نرتتتتر سطتتتتتر
  %( Bipolaris oryzae  58.6 فطتتتترأ خلاعتتتتلوى متتتتان تتتتأ  ت تتتتوا نتجتتتته أا أن تتتت   أت تتتتره خلانتتتتتر  

 % ( 48.2, 51.3أن تتتت    Curvularia lunata   و   Alternaria padwickiiي يتتتته خلافطتتتتر
خلامعرم تتت  أرلامتتتر  أنطتتته خقتتت  ن تتت   و تتتسلا  Penicillium spp و   Aspergillus spp رأمتتتر خلافطتتت
 % ن   خلاتوخلاب. 1.5, 1.9, 2.2 ت وا وا  
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   Table (1): Percentage of discolored grains of rice cultivars fertilized with different doses of nitrogen as influenced 
by storage period and type of storage bags. 

*  Prior to storage. 
**Type of bag storage 

Storage 
period 

(month)  
(P) 

Nitrogen  
(kg/fed)  

(N) 

Giza 177 Giza 178 Sakha 101 

Kafr El-Sheikh El-Dakahlia Kafr El-Sheikh El-Dakahlia Kafr El-Sheikh El-Dakahlia 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

*0 

0 41.6 41.6 22.6 22.6 10.0 10.0 14.0 14.0 22.0 22.0 31.3 32.1 

23 21.3 21.3 18.6 18.6 7.1 7.1 9.3 9.3 13.3 13.0 24.6 25.8 

46 16.0 16.0 17.6 17.6 6.5 6.5 8.6 8.6 9.6 9.6 23.3 23.3 

69 42.6 42.6 24.3 24.4 11.0 11.0 18.0 18.0 23.0 23.0 37.0 38.4 

6 

0 43.1 42.0 23.2 23.5 11.2 10.8 15.8 15.1 23.0 22.2 31.9 31.9 

23 23.1 22.0 19.9 19.7 9.2 8.0 11.0 11.0 11.7 13.8 25.8 24.0 

46 17.9 16.8 18.8 18.3 7.4 7.1 9.8 9.1 10.1 9.8 24.1 24.0 

69 44.0 43.4 26.8 26.0 12.8 11.4 19.8 19.2 23.9 23.2 38.4 37.3 

12 

0 45.8 43.0 28.3 26.2 17.1 16.3 17.8 17.0 26.8 24.2 37.8 34.3 

23 24.0 22.7 23.9 20.4 14.6 11.8 14.3 12.0 16.1 13.6 29.1 25.2 

46 19.1 18.0 22.3 19.5 13.2 11.2 13.9 10.5 14.2 11.0 26.5 25.1 

69 47.8 45.0 31.0 29.1 17.8 14.1 21.9 19.9 27.1 23.7 42.8 39.1 

18 

0 48.4 45.1 31.1 28.3 19.1 17.6 20.0 18.0 28.0 25.0 40.0 36.2 

23 26.3 23.1 25.0 22.8 16.0 13.1 16.0 13.0 18.0 16.1 30.5 26.1 

46 21.1 19.8 24.1 21.1 16.0 13.0 16.0 12.3 16.0 15.0 24.7 26.0 

69 52.4 48.1 33.1 31.2 20.0 16.0 24.0 21.0 29.8 27.3 45.0 40.0 

   L.S.D. 5 % 
2-M** at each P x N 

1.40 1.76 1.65 1.63 1.64 2.47 
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  Table (2): Percentage of germination of rice cultivars fertilized with different doses of nitrogen as influenced                               
by  storage period and type of storage bags.  

**Type of bag storage 

Storage 
period 

(month)  
(P) 

Nitrogen  
(kg/fed)  

(N) 

Giza 177 Giza 178 Sakha 101 

Kafr El-Sheikh El-Dakahlia Kafr El-Sheikh El-Dakahlia Kafr El-Sheikh El-Dakahlia 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

Striped 
plastic 

Jute 
sacks 

*0 

0 96.0 96.0 97.0 97.0 98.0 98.0 98.0 98.0 97.0 97.0 97.0 97.0 

23 96.0 96.0 97.0 97.0 98.0 98.0 98.0 98.0 97.0 97.0 97.0 97.0 

46 96.0 96.0 97.0 97.0 98.0 98.0 98.0 98.0 97.0 97.0 97.0 97.0 

69 96.0 96.0 97.0 97.0 98.0 98.0 97.6 98.0 97.0 97.0 97.0 97.0 

6 

0 91.0 91.8 91.2 92.0 93.0 93.0 93.0 93.4 92.0 92.0 91.0 92.0 

23 93.0 93.0 93.0 93.0 94.0 94.0 94.0 94.2 93.0 93.0 93.0 93.5 

46 92.8 93.0 93.0 93.0 94.0 94.0 94.0 94.6 93.0 93.3 93.0 93.0 

69 91.4 92.0 92.0 92.0 93.3 93.0 93.0 91.8 92.0 92.2 92.0 92.3 

12 

0 86.0 88.0 87.0 88.0 89.0 89.0 88.6 89.0 88.0 89.0 86.0 87.0 

23 89.0 89.0 90.0 90.0 91.0 91.0 90.0 90.0 90.0 90.3 89.0 89.0 

46 88.0 89.0 90.0 90.0 91.0 91.0 91.0 91.2 90.0 90.0 88.0 89.0 

69 86.0 87.0 86.0 87.0 88.0 88.0 87.3 84.0 87.0 88.0 85.0 86.0 

18 

0 66.0 71.0 70.0 73.0 78.0 80.4 76.3 79.0 73.0 74.0 67.0 72.0 

23 68.4 72.0 72.1 75.2 79.0 81.3 77.0 80.6 74.0 76.0 69.3 74.6 

46 68.0 72.0 72.0 75.0 79.0 81.0 77.0 80.0 74.0 76.0 69.0 74.0 

69 64.1 67.6 67.5 71.2 75.0 78.0 74.0 78.0 69.0 73.0 65.0 69.1 

L.S.D. 5 % 
2-M** at each P x N 

1.54 1.44 1.44 2.86 1.48 1.22 

*  Prior to storage. 
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Table(9): Effect of moisture content of rice grain on fungi occurrence in different rice cultivars before and after 

storage. 

Cultivar 
Moisture 

content % 

Prior to storage 16 months after storage 
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Giza 177 

14 10.0 20.0 8.0 4.0 3.0 3.0 2.0 0.0 4.0 28.1 11.0 6.0 4.0 40.0 30.0 0.0 

16 11.0 21.0 8.0 4.0 3.0 4.0 2.0 0.0 0.2 30.0 30.0 6.0 4.5 55.0 55.0 5.0 

18 12.1 22.3 10.2 5.2 3.5 5.0 4.0 0.0 0.0 41.0 85.0 9.5 8.5 94.0 85.0 30.0 

20 12.2 22.3 11.0 6.1 3.5 5.0 5.0 0.0 0.0 48.0 90.0 9.9 9.7 95.0 89.0 43.0 

Giza 178 

14 6.0 13.0 6.3 4.0 1.1 2.0 0.0 0.0 1.0 27.0 9.9 6.0 6.3 30.0 25.0 0.0 

16 6.0 13.5 7.0 4.3 1.5 2.1 1.0 0.0 0.0 30.0 28.0 6.0 6.5 48.0 50.0 3.0 

18 7.1 14.1 7.5 5.0 2.0 3.0 2.0 1.0 0.0 36.0 73.0 8.0 7.0 92.0 88.0 18.0 

20 7.4 14.2 8.0 5.0 2.0 3.2 2.0 1.0 0.0 41.0 77.0 8.0 7.3 92.0 88.0 23.0 

Sakha 101 

14 7.0 14.1 7.1 3.0 2.0 2.0 2.4 0.0 2.5 28.0 9.8 6.3 3.0 38.0 28.0 0.0 

16 7.5 14.8 7.4 3.5 2.0 2.0 2.0 0.0 0.0 30.0 30.0 6.3 3.2 50.0 48.0 3.0 

18 8.4 17.1 8.0 4.0 2.6 4.0 3.1 1.0 0.0 38.0 75.0 11.1 8.0 91.0 89.0 17.0 

20 8.6 17.4 8.1 4.0 2.9 4.0 4.0 1.0 0.0 44.0 81.0 12.1 8.9 92.0 90.0 22.0 

Sakha 104 

14 10.0 18.0 7.8 3.8 3.0 2.0 2.0 0.0 5.0 30.0 12.0 5.8 4.0 45.0 35.0 0.0 

16 10.6 19.0 8.1 3.8 3.1 2.8 2.0 0.0 0.0 36.0 35.0 6.2 6.0 60.0 55.0 5.0 

18 10.9 20.3 9.1 4.0 3.2 3.4 3.1 1.0 0.0 48.0 85.0 9.1 9.3 93.0 90.0 32.0 

20 10.9 20.4 9.2 4.2 3.3 3.6 4.0 1.0 0.0 50.0 91.8 12.0 10.2 95.0 90.0 45.0 

Giza 182 

14 1.0 6.0 3.8 1.9 1.1 0.0 0.0 0.0 0.0 10.0 10.1 3.0 3.0 10.0 13.0 0.0 

16 1.0 7.0 3.8 2.0 1.2 0.0 0.0 0.0 0.0 12.1 25.1 3.0 3.5 13.0 45.1 0.0 

18 0.0 7.0 5.0 2.0 2.0 0.0 1.0 0.0 0.0 20.1 65.0 5.1 6.0 64.1 50.8 40.3 

20 0.0 8.0 5.3 2.3 2.0 2.0 1.0 0.0 0.0 21.9 69.1 5.3 6.6 65.1 85.3 45.1 

L.S.D 5% 0.88 0.99 
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