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Abstract
The present study aims to determine the effect of harvest date on the germination of rice seeds. The experiment
was carried out at Nkol bisson, a locality within the forest agro-ecological zone characterized by a bimodal rainfall
pattern. Four varieties of NERICA: NERICA 3, NERICA 8, NERICA 9 and 13 NERICA widely grown in Cameroon
were used and planted in a completely randomized block design. Rice seed was produced according to the
standards of its production and were harvested at six different dates: 20, 25, 30, 35, 40 and 45 days after heading.
The harvested seeds were dried at 13% moisture content.
The results showed that the harvest dates have a significant effect on the latency, the time corresponding to 50%
sprouted grains (T50), the number of sprouted grains, number of dead seed and the number of non-sprouted grains.
There was significant difference between rice varieties evaluated and the different harvesting date. The germination
rates 98.88%, 99.44%, 99.75% and 97.00% were obtained respectively for the harvest dates of 30, 35, 40 and 45
days after 50% heading. The harvest dates 20 and 25 days after 50% heading presented low germination rates.
With these early harvesting dates, the mean percentages of dead seeds ranged between 18.25% and 55.25%. Too
early harvest had a negative impact on rice seeds germination. To obtain good germination rate, it is recommend
harvesting rice between the ranges of 30 to 40 days after 50% of heading.
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Introduction
Rice (Oryza sp.) is the staple food for more than half of the world's
population [1]. It ranks as the second cereal crop grown in the world
after wheat [2]. In Africa, rice has become a very strategic and priority
production food security. Consumption is rising faster than for any
other major product on the continent due to the large population
growth, the rapid urbanization and changing eating habits [3].
Although the local production of rice rose rapidly after the 2008 food
crisis, a problem of the rice sector in Africa in general is that local
production never equalled the demand. The continent therefore
continues to depend on imports in order to meet the growing demand
for rice [4] rice production in Cameroon's was 60,000 t in 2007 and
satisfied only 10% of the national demand (600,000 t) as much rice is of
high importance for food security [5].
In view of the existing potential and the weight of imports, the
country must reverse the trend by the development of a strategy to
promote rice cultivation in order to ensure competitiveness of this
sector. However, one of the major constraints of improving the
cultivation of rice is the lack of agricultural inputs [2], especially lack of
quality seeds [6]. Seeds are an indispensable input for agricultural
production. Moreover, neither productivity nor production can be
improved without timely access to quality seeds [7]. Quality rice seeds
will boost the production of consumer in order to reduce imports.
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According to Law N° 2001/014 of July 23, 2001 on the seed activity,
the seed is defined as the entire or part of an organ responsible for the
reproduction and the perpetuation of the species.
Seed is the raw material of agriculture, which strongly influences the
yield of any culture. Whether it is for a peasant variety or selected.
Employment of quality seeds increases production by 10% to 15% [8].
A good seed must maintain the genetic purity of a variety, be healthy
and well mature, have good germination ability, and be homogeneous
in shape, seed size, and colour. Seed production is an important
activity and appears to be the most important the first link in the
agricultural sector [9], because it consists in setting up a production
from seed stem to certified seed and provide quality seeds for
producers. This requires care, more precision in procedures, more
technical skills and strict production rules [9]. One of the most
important technical rules in production is the harvest date [10].
The harvest date is the optimum harvesting time to obtain the best
Seeds with high germination capacity [11]. It remains poorly known or
almost not known by the seed multipliers of rain fed rice which is still
new and booming in Cameroon. Seed growers are based on the
panicles or the cycle of the plant sometimes disturbed by unstable
climatic conditions, causing early or late harvests that have a negative
impact on the ability of seed germination, resulting in loss of
production in fields and the use of very high seedling materials.
Germination is the first stage in the life cycle of plants to produce new
generation, the ability of seeds to accomplish this biological process.
The germination capacity is therefore an important characteristic for
plant production.
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The overall objective of this study is to contribute to the
improvement of rain fed rice seeds quality to the production.
The specific objectives are to:
•
•
•

Evaluate the influence of the harvest date on the germination of
rice seeds NERICA;
Compare the germination capacities of the varieties used;
Determine the harvest dates favourable for a better germination
capacity of rice seeds.

Material and Methods
Material
Study site: The present study was carried out on the site of IRAD
Nkol bisson, located in the city of Yaounde, in the Central Region of
Cameroon (Figure 1). Nkol bisson is located at 03° 51' north latitude
and011° 27' longitude.

alternation of two seasons dry and two rainy seasons. An average
temperature of 23.5°C is recorded between 16°C and 31°C depending
on the season and 1650 mm of water per year. The average humidity is
80% and varies in the day between 35% and 98%. Frequent winds are
wet and blowing in the direction of the South-West; the strong winds
are oriented towards the northwest. The vegetation is of the type Intertropical with predominance of the southern humid forest [12].
Production equipment: This is the field materials used for the
production of seeds of different varieties of rice and agricultural inputs:
•
•
•
•
•

The cutlass to clear the plot of production;
Hoes for ploughing;
Twine for sowing;
A net to provide protection against birds;
Fertilizers (20-10-10 200kg /ha and urea100 kg/ha.
Laboratory equipment: The laboratory equipment consisted of:

•
•
•
•

Plastic plates in which the germination tests were carried out;
A moisture meter for measuring humidity;
Some water;
Tissues paper to ensure moisture during the test.
Methods: Two activities were carried out:

•
•

Seed production of selected varieties
The germination test

Experimental design: The experimental design used to set up the
trial was the blocks completely randomized with three repetitions.
Method of setting up the trial: The following operations permit to
put our test in place:
•
•
•
•

Figure 1: Study site.

Varieties

Ecology

Cycle (days)

Yield (ha)

NERICA 3

Upland

100-110

03-Apr

NERICA 8

90-100

03-Apr

NERICA 9

90-100

03-Apr

NERICA 13

110-120

3,4,5

Plot maintenance: The maintenance of the plot was as follows:
•
•

Table 1: Agronomic characteristics of varieties (IRAD).

•

Plant materials: The plant materials used in our study consisted of
four varieties improved rainfed rice seed base NERICA (new rice for
Africa) From Africarice named NERICA3 (N3), NERICA8 (N8),
NERICA9 (N9), NERICA13 (N13). These varieties are adapted in the
study area and were adopted by the Participatory varietal selection
during the introduction of NERICA varieties in Cameroon by the
project of Improvement of the Competitiveness of Rice in Central
Africa (Table 1).

•

Yaounde belongs to the agro-ecological zone V with bimodal
rainfall. It is of the equatorial type (Yaoundeen), characterized by the
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Preparation of the soil: The land had been cleared and ploughed
from the first rains;
Sowing: the sowing method used was hand - sowing in pockets at a
rate of 3 to 5 grains per hole;
One plant per hole was left three weeks later to leave after sowing;
Spacing: The spacing was 25 cm in the line and 25 cm between the
lines with a distance of one meter between the different plots.
Weeding: all the plots had been weeded three times and consisted
of snatching all weeds in the field;
Fertilizer application: each plot received fertilizer three times at a
target stage of growth. The first application of fertilizer was
20-10-10 at 200kg/ha two weeks after sowing and second and third
applications were made of urea at the initiation of panicles and
meiosis at a rate of 50 kg/ha per application;
Protection against birds: this was done by covering the field by a
net and the recruitment of a labour to protect the trial;
Purification: it consisted in removing all foreign varieties from the
field in order to ensure the purity of seeds.

Harvest: The harvest dates were set up from the 50% heading of
plants in each plot. Panicle harvests were carried out on each plot of
land 20 days, 25 days, 30 days, 35 days, 40 days and 45 days after
heading at 50% of plants.
Drying: The panicles were sprouted and the seeds dried to a
moisture content of 13%. We went on to evaluate the germination of
seeds from the different dates of harvest.
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Germination test: The germination test was carried out according to
the ISTA International Seed Testing Program). To make 400 seeds of
each variety were seeded at the rate of 4 repetitions of 100 seeds per
treatment. The substrate used is tissues paper and the method used is
the top of the paper (TP). The germination test data observed for 14
days were:
•
•
•
•
•

the date of observation of the first germination;
the date of observation of 50% of sprouted grains;
counting of germinated seeds;
counting of non-germinated grains;
And the counting of dead or rotted seeds.

Analysis of variance showed that harvest dates had a significant
time on latency. At 20 days after heading, the LT is 4 days and is 3 days
at 25, 30, 35 and 40 days after heading (Table 2).

Effects of the harvest date on the time required to obtain 50
%( T50) of germination
The analysis of the results indicated that the harvest dates had an
influence on the time necessary to have 50% germination. Indeed, the
results showed that there was a significant difference between the times
needed to obtain 50% germination for seed harvested at different
harvesting dates. At 20 days after 50% heading, the T (50) is 7 days
however it is 5 days to 25 and 45 days after 50% heading. However, it is
4 days when harvest is done at 30, 35 and 45 days after 50% heading
(Table 2).

These data enabled us to determine:
•
•
•
•
•

Effects of harvest date on latency time (LT)

latency time;
The observation time of 50% germination (T50);
the total percentage of germination;
the total percentage of non-germinated seeds;
The total percentage of dead or rotted seeds.

Effects of harvest date on germination rate (GR)

All of these data based on the average of the four replications of
100-seed had been entered in Excel. The analyses of the variances were
carried out by the software SAS version 9.2, then the significantly
different mean values separated by the Fischer test at the probability
threshold of 5%.

There was a significant difference between seed germination rates
harvested at different harvesting dates. The dates of 30, 35, 40 and 45
days after 50% an average germination rate of 98.8%; 99.43%; 99.75%
and 97% respectively. The dates of 20 and 25 days after heading
presented the lowest germination rate with an average of 59.75% and
75.68% respectively (Table 2).

Results

Effects of harvest date on dead seed rate (SDR)

Influence of harvest time on the germination parameters of
rice varieties
The results obtained during these tests clearly showed that the
parameters of germination (latency time, T50, percentage of
germination, percentage of dead or rotted seeds, and the percentage of
non-germinated seeds) varied with harvest dates. Analysis of variance
showed that there were highly significant differences between harvest
dates and germination parameters studied on the one hand and
significant differences between varieties used and the germination
parameters on the other hand (Table 2).
DF
Sources
variation

Means square

of
LT
(days)

T50
(days)

GR (%)

HSR (%)

0

4,39*

117,6*

114,80 *

0,09ns

Replications

3

0

4,39ns

21,47ns

16,19ns

0,59ns

Treatments

5

2,7***

5,01***

4533,6***

4738,4***

Error

0

1,24

37,14

Means

3,16

4,5

0

24,71

Days after 50% heading
20

25

30

35

40

45

latency time

4a

3b

3b

3b

3b

3b

23,81***

T50

7a

5a

4b

4b

4b

5a

36,47

0,62

Germination rate

59,75b

75,68b

98,87a

99,43a

99,75a

97a

88,41

11,08

0,51

Seeds deaths rate

40,25a

24,31b

1,12c

0.57c

0,25c

0c

6.89

54,49

153,43

Hard seed rate

0b

0b

0b

0b

0b

3a

Table 2: Parameters for germination of rice varieties. ***Very highly
significant, probability less than 0.01*: Significant, probability less than
0.05. Ns: not significant. DF=degree of freedom; LT=latency time;
T50=time required for 50% of Germination; GR=germination rate;
HSD=hard seed rate; SDR=seed Dead rate.
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The results showed that the rate of non-germinated seeds was zero
at 20, 25, 30, 35 and 40 days after heading. From 45 days after heading,
a low seed rate the average of non-germinated seed rate was 2.31%
(Table 3).
Parameters

3

of

Effects of harvest date on the rate of hard seeds or nongerminated seeds

SDR (%)

Varieties

Coefficient
variation

Observations on dead seeds showed a significant in relation to seed
harvest dates. At 20 and 25 days after 50% heading, the seed dead rate
is high (40.25% for 20 days after 50% heading and 24.31% day after
50% heading). The analysis also showed that the rate of dead seeds
decreases with harvest dates. Indeed, late harvest of seeds showed low
rate of dead seeds.

Table 3: Mean squares of germination parameters at different dates
harvest, a, b, c represent the germination parameters at 3 levels.
For each row the values of the germination parameters followed by
the same letter are not significantly different at the 5% threshold.
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Comparison of the germination capacities of the varieties
used

Effectof the germination rate of varieties according to harvest
dates

The analysis of variance (Table 3) showed that there were significant
differences( p<0.05) between the varieties used for some rice
germination parameters, such as: T50, the percentage of germination
and the rate of dead seeds at different harvesting dates, and differences
not significant for the rate of non-germinated seeds.

There was a significant difference between germination rates of
varieties for different harvest dates. For all varieties, the germination
rates do not varied too much. It ranged from 96.75% to 100% on the
dates of 30, 35, 40 and 45 days after 50% heading. The date of 20 day
after 50% heading showed the lowest germination rates between
44.75% and 75.25 for all varieties. N13 has the lowest germination rate
followed by N3. At 30 days N8 had the highest germination rate of
99.75%. A 25 days after 50% heading, the N3 variety has a germination
rate of 80%. At 45 days after 50% heading there was a slight decrease in
the germination capacity for all varieties. This decrease of the
germination rate is 2.5% for N3, 3.25% for N8 and N9 and 2% for N13
(Figure 4).

Effect of the latency time of the varieties according to the
dates of harvest
All varieties (N3, N8, N9, and N13) at 20 days after heading had a
latency time of 4 days. This time decreases to 3 days at 25, 30, 35, and
40 days after headings for all the varieties of rice (Figure 2).

Figure 2: Effect of the latency time of the varieties according to the
dates of harvest.

Effect of time required to obtain 50% germination of
varieties in function of harvest dates (T50)
The observations made on the T50 showed highly significant
differences for the varieties according to the dates of the seed harvest.
All varieties at 20 days after heading had very high T50 values varying
from one variety to another: 8 days for the N3, 5 days for the N8 and
N9. At 25 days after heading the T50 decreases and reaches 5 days for
all varieties. At 30, 35, 40 days after heading, the T50 decreases at 4
days to all varieties used. But at 45 days after heading, T50 goes back to
5 days for all varieties. The T50 of the N13 variety at 20 days is zero
because the number of germinated seeds does not reach 50 during all
observations (Figure 3).

Figure 3: Effect of the time required to obtain 50% germination of
the varieties according to the Harvest dates (T50).
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Figure 4: Effect of the germination rate of varieties according to
harvest dates.

Effect of dead seed rate of varieties on harvest dates
according to harvest dates
All varieties at 20 and 25 days after heading had a high rate of dead
seeds (rate of rotten grains that have not germinated but pressed with
the finger reveals a paste) between 55.25% and 45.5%. This rate
decreases for all varieties and is almost zero at 30, 35, 40 and 45 days
after heading for all varieties of rice (Figure 5).

Figure 5: Effect of dead seed rate of varieties on harvest dates.
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Effect of the rate of hard seed or non-sprouted seed of
varieties in based on harvest dates
All varieties had zero non-germinated seeds at 20, 25, 30, 35 and 40
days after heading. From 45 days after heading, we observed a low hard
seed rate that means an ungerminated seeds for all varieties. This rate
is 2.5% for N3, 3.25% for N8 and N9 and 3% for N13. There was no
significant difference between rates of non-sprouted seeds and varieties
used (Figure 6).

Figure 6: Effect of hard seeds rate or non-sprouted seeds of varieties
on harvest dates.

Determination of the right time for harvesting seeds rice of
varieties
According from previous results, dates for harvesting seeds of all
varieties of rice are: 30, 35 and 40 days after heading. These dates
correspond to the dates with short latency time, short T50,
germination rate high, low seed rate. The date of 45 days after heading
has a time of latency identical to that of 20 days after heading, a slight
decrease in the germination rate compared to 30, 35 and 40 days after
heading and about 3% of non-germinated seeds. For these reasons, this
date cannot be considered as a favourable date for the harvest of all the
varieties (Figure 7).

Figure 7: Representation of the germination parameters
determining the harvest dates conducive to Germination of rice
(LT=latency time; T50=time required for 50% of Germination;
GR=germination rate; HSR=hard seed rate; DSR=seed Dead rate;
DAE=days after heading).
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Discussion
The results obtained in this study showed that there were a highly
significant difference between harvest dates and germination
parameters. The germination rate increases with harvest dates. The
dates of 20 and 25 days after heading showed an average germination
rate of 59.75% and 75.68% respectively, while the dates of 30, 35, 40, 45
days after 50% heading showed an average of the germination rates of
98.8%; 99.43%, 99.75% and 97%, respectively. This result was similar to
the own founded by Sallam et al. [13] who demonstrated that the
germination rate of Teosintes increases with harvest dates and reaches
70% to 40 days after flowering. Similarly, Ofori and al. [14] conducted
a study on beans and founded that 30 and 35 days after opening
flowers the germination rate was 88% whereas at 20 days it was only
43.5%. The dates of harvesting with high germination rate values had
short latency time values and T (50), which was 3 and 4 days
respectively [15]. The T (50) expresses the rate of germination,
responsible for the depletion of seed reserves [16]. At 45 days after
heading we observed a slight decrease in the rate of germination which
is 97%, the latency time is the same at 30, 35 and 40 days but the T50
increase and rich 5 days as for 20 and 25 days after heading. We also
observed non germinated hard seeds reaching a rate of 3.25%. This
marks the beginning of the deterioration of the seeds which is
manifested by the diminution of the germination capacity of the seed
[17]. Envelope seed coats may have become resistant and thus no
longer able to absorb the water of imbibition which must determine
their development following the various metabolic activities that will
occur within them [18]. This marks the entry into dormancy of rice
seed resulting on the hardening of the teguments no longer allowing
the penetration of water. According to Akintayo et al. [8] in the
Practical Guide of NERICA upland Culture, when rice seeds remain
long in the field after maturity, they fall into dormancy to prevent
germination on the panicles.
Our study showed that there were also significant differences
between varieties and the germination parameters according to
different harvest dates. For each date of harvest, some germination
parameters (T (50), percentage of germination) varied from one
variety to another. These variations were much more pronounced at 20
and 25 days after 50% heading. On these dates the values of the T (50)
was very high: 8 days for the N3, 5 days for N8 and N9 and zero for
N13 because the number of germinated seeds does not reach 50 during
all observations. These variations are due to variations in crop cycles of
the different varieties, it is noted that the longer the cultivation cycle
the longer the period of 50% germination at 20 and 25 days after
heading. This values decreases with the increase in harvest days and
thus 30, 35, 40 days after heading the T50 decreases again and
stabilizes at 4 days for all varieties also. The germination rates differ
from one variety to another, the N13 variety shows the lower rate of
germination followed by N3. At 30 days N8 showed the highest
germination rate of 99.75%. At 25 days after 50% heading, the N3
variety had a germination rate of 80%. AT 30, 35, and 40 days after
heading, the T (50) and germination rate values stabilized. All these
results are justified by the fact that rice varieties differ only in
vegetative phase, the reproductive and ripening phases being relatively
fixed and included between 30 and 35 days regardless of the variety
[19]. At 45 days after 50% headingT50 back to 5 days for all varieties. It
is also observed at 40 days after 50% heading a low rate of nongerminated seeds for the N13 varieties in contrary to the varieties that
are observed at 45 days after heading with rates reaching 3.25% this
marks the beginning of seed deterioration. The phenomenon of
deterioration and Seed dormancy is more prevalent for NERICA13.
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Seeds from panicles harvested at 20 and 25 days after heading had a
latency time and T50 long because the germination rate responsible for
the depletion of seed is low. This explains their low germination rates
and high rates of seed deaths. This may be due to the fact that the
grains have not reached physiological maturity from where the low
quantities of seed reserves that of germination. Such seeds are not
accepted by standards of seed production because they cannot be
classified as quality seed [20]. For panicles harvested at 30, 35 and 40
days after heading have latency and a short T50 (3 and 4 days,
respectively). The germination rate of the seeds from these panicles is
between 95% and 100% for all varieties which characterize high quality
seed. High quality seed has a direct effect on production because it
allows not only the use of the most economical seeding rates, but also
better emergence rates in the field, better uniformity of plants,
maturity and production [21]. These results also correspond to the
minimum legal standards set in Cameroon by decision No 540 /
MINADER / SG / DRCQ / SDRSQV OF 07 SEPTEMBER 2006 and
applied by the Direction of Regulation and Quality Control of
Agricultural Inputs (DRCQ) in order to declare rice seed as quality
seed [22]. The best harvesting date to obtain good germination rate of
seed for the evaluated varieties is between 30 and 40 days after heading
[23].

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Conclusion
This study aimed to study the influence of the harvest date on the
rice seeds germination rate. It appears that the dates of harvest strongly
influence the germination parameters. The germination rate increases
with harvest date with an average of 59.75; 75.68; 98.87; 99.43 and
99.75% respectively to 20, 25, 30, 35 and 40 days after heading. At 45
days after heading this germination rate starts to decline and reaches
97%.
The varieties of rice used showed a significant difference in the
parameters of germination according to the harvest date. At all harvest
dates, the values of germination parameters varied according to the
varieties. At 30, 35, 40 days after heading these values are between 98%
and 100%.
Seeds from the panicles of harvested at 30, 35, 40 days after heading
had germination rates that correspond to the minimum legal standards
to be reached so that the seeds of rice are accepted as good quality
seed. These dates indicate the right moment for harvesting all the
varieties of rice used in this study. Early harvesting negatively influence
the germination rate of rice seeds. Harvesting at the right time allows
maintaining seed dormancy within the required limits.

13.
14.
15.
16.
17.
18.

19.

Recommendation

20.

For good germination and good quality seed of rice varieties N3,
N8, N9, N13, it is recommended to harvest between 30 and 40 days
after 50% of headings.

21.
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