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Abstract 
A field trial was set in 2018/2019 season to investigate the capacity of cashew 
seeds to germinate and its vegetative performance with respect to the storage 
period at Agricultural Research Institute-(TARI-Naliendele), Mtwara-Tanzania. 
The variable investigated was the duration of the cashew seeds storage period. 
Cashew seeds were harvested at polyclonal seed gardens (PSG) for three har-
vesting seasons 2016, 2017 and 2018 consecutively; seeds were sorted, weighed 
and soaked before sowing to test viability in respective to storage time. Using 
a randomized complete block design obeying factorial approach the experi-
ment was laid with three replications. The observed growth parameters were 
height (cm), number of leaves, leaf length (cm), leaf width (cm), leaf area (sq 
cm), leaf area index (LAI), canopy diameter (cm) and seedlings canopy 
ground area (sq cm). The analysis was done by using GenStat under Duncan 
Multiple Range Test (DMRT) on seed germination. The findings indicated 
that cashew seeds harvested in 2018 were the superior in both germination and 
growth vigor differing significantly (p < 0.05) from other seeds harvested in the 
previous years. Cashew seeds harvested in 2017 were weak and those harvested 
in 2016 were the worse such that no seeds were able even to germinate. Thus, it 
is recommendable to sow cashew seeds harvested at the current season for 
sowing than those stored for more than a year. 
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1. Introduction 

Cashew (Anacardium occidentale L.) is one of the important commercial tree 
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crops in the world [1] [2] [3]. These include being a source of food and income 
[4], prevent soil erosion [1] [5], its parts such as leaves, bark or roots are used as 
medicinal and nutrients [6] [7]. Cashew apple can be eaten as a fruit [1] or 
processed to produce various products such as syrups, juice, wine alcohol, jam, 
vinegar and candy [1] [5]. Cashew helps in environmental conservation as it re-
duces carbon dioxide emission [8] [9] [10] [11]. Cashew kernel and apples con-
tain nutritive properties such as vitamins, sugar and minerals like calcium, 
magnesium, phosphorus, sodium, potassium, copper and zinc [12] [13] [14] [15] 
[16]. Consumption of cashew nuts reduces cases of obesity and or increased 
body weight [16]. 

Cashew crop has been an important foreign exchange earner for Tanzanian 
and ranked the first since 2016 to date. For instance, in 2017/2018 season, the 
government of Tanzania earned about 585.1 million USD from exporting ca-
shew nuts following the country engagement in the agriculture business [17]. 
The crop continues to be the major source of income for more than 500,000 
households in south-eastern Tanzania [18]. 

Traditionally, cashew in Tanzania has been grown in 5 regions which are 
Mtwara, Lindi, Ruvuma, Pwani and Tanga. However, in recent years cashew 
production has been extended to more than 17 regions including Dodoma, Ta-
bora, Singida, Katavi, Shinyanga, Iringa, Kilimanjaro, Mbeya, Njombe, Songwe, 
Iringa, Kigoma and Morogoro, a situation which triggered higher demand for 
cashew seeds. Similarly, the government has been considered cashew as one of 
the national strategic crops which can improve the livelihood of the Tanzanian 
community and contributes to poverty reduction. Therefore, research efforts 
have been in the increase to ensure that more production of seeds with high 
quality is available and distributed to farmers. In this aspect, for the successful 
production of cashew in these new areas, it is essential to be assured of planting 
materials particularly the seeds of high quality. Strategically, high-quality seeds 
can be assessed by germination capacities [19] [20] [21] which include storage 
duration and soaking [22] or floating (Conacher et al., 1994) of seeds before 
sowing.  

Germination is defined as a process where a seed releases a radicle for plant 
formation and development [23] whereas germination capacity can be referred 
to as the seed viability to produce firm and healthy radicle in time [24]. Several 
factors are associated with seed germination capacity, however, several studies 
indicate that seed germination is significantly affected by storage duration [25] 
[26]. For instance, a study by [21] recorded higher germination capacity in seeds 
stored for six (6) months than seeds stored for twenty-four (24) months. A study 
by [27] observed higher germination and sprouting on seeds stored for a re-
duced period compared to a longer storage period. Similar results were obtained 
by [2] who stated that the highest seedlings emergence of 80% to 80% were ob-
served at early storage (30 - 90 days) and which thereafter declined to 72% at the 
end of 210 days, with 10% reduction. However, the study by [28] revealed no 
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association between storage duration and seed germination capacity as observed 
that the cashew seeds emerged both at 20 and 21 days. Seed germination capacity 
and performance of seedling are also associated with the soaking method [22] 
[29]. Studies indicate that sinker seeds germinate fast and their seedlings become 
more vigorous than floater seeds [30] [31] and [32].  

In Tanzania, Naliendele which is one of 17 agricultural research centers under 
Tanzania Agricultural Research Institute (TARI) is the only centre with the 
mandate to produce cashew seeds. The centre has been producing and distri-
buting cashew seeds to farmers inside and outside the country. The centre dis-
tributes seeds of the current season and demands vary between years. In some 
cases, seeds of the previous season can remain when the demands are low. 
However, the centre does not distribute seed of the previous years following high 
demands with the supposition that their germination could be poor. Thus, the 
aim of this study was to find out the effect of storage duration of cashew seeds 
on germination and the performance of cashew seedlings. Information obtained 
could be used as a guide for improving recommendations regarding the use of 
quality cashew seeds for production in Tanzania as per [33]. 

2. Materials and Methods 

We conducted an experiment from January through March 2019 to assess the 
effect of storage duration in the germination and performance of cashew seedl-
ings. Selection criterion for the period was rain season as in the experimental 
area January to March is the rain season peak. Experiments were conducted at 
TARI Naliendele which is located at Latitude 10˚35'60.35"S and Longitude 
40˚16'67.37"E in Mtwara region. Mtwara region is located in the southeastern 
part of Tanzania. The region is characterized by a unimodal type of rainfall 
starting from November/December to April/May. The annual average minimum 
temperatures are 23.8˚C - 24.5˚C and maximum temperatures are 30.7˚C - 
31.9˚C whereas rainfall ranges between 1052.9 - 1159.6 mm.  

To examine the effect of storage duration in the germination and performance 
of cashew seedlings; three categories of cashew seeds were prepared; first cate-
gory was for seeds harvested in 2016, second for seeds harvested in 2017 and 
third category considered cashew seeds harvested in 2018. All cashew seeds were 
sun-dried under temperatures ranging between 28 and 30 degrees centigrade for 
four days just after harvested in each respective year to a moisture content of <9. 
Three seedbeds each of 10 square meters were prepared for seeds sowing with 
respective to harvesting years (2016, 2017 and 2018). Three lines were prepared 
in each seedbed and small holes of 5 cm deep were dag for seeds sowing. A total 
of 300 holes per seedbed were prepared for seed sowing. Cashew seeds were se-
lected and sorted to remove any unwanted materials. Seed were also weighed 
and floated [34] for viability testing [22] [29].  

The trial was set in a randomized complete block design with three replicates. 
Data were recorded in weekly bases for four weeks started one week after seed 
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sowing. The following data were recorded; germination percent which involved 
the number of seeds germinated out of all seeds sown, seedling height, number 
of leaves, leaf length leaf width, canopy diameter, seedlings canopy ground area, 
leaf area and leaf area index (LAI) using indirect method as per [35] were rec-
orded, whereas:  

LAI LA GA=  

• Leaf Area (LA) = Average Number of leaves/plant (n) × Average length (L) × 
width (W) of leaf by an area constant k. (LA = L × W × k × n) 

• Ground Area (GA) = Spacing × number of plants x number of rows. 
All data were analyzed by using GenStat software statistical package 15th edi-

tion, Duncan Multiple Range Test (DMRT) was used to separate the mean be-
tween treatments. 

3. Results 

Results on germination percent are shown in Table 1 below. There was highly 
significant difference (p < 0.05) in seeds germination percent between years. 
Cashew seeds harvested in 2018 recorded higher germination percent compared 
to seeds harvested in 2017. However no germination recorded for all cashew 
seeds harvested in 2016. 

Germination started in the second week after seeds being sown. Germination 
increased to 99.6 percent in the 4th week after sowing particularly for seeds of 
2018. Seeds harvested in 2017 had a 52.4 percent germination in the 4th week 
compared to 2.7% which was recorded in the year 2017. Cashew seedlings varied 
significantly (p < 0.05) in canopy diameter, leaf area, leaf length, width and plant 
ground area.  

However, there was no significant differences (p > 0.05) between the three 
categories of seeds in terms of leaf area index (Table 2). Cashew seedlings for 
seeds harvested in 2018 significantly (p < 0.05) grew faster than those for 2017 
particularly at 4th week and 8th week (Table 3). Likewise, there were significant 
differences (p < 0.005) in change of seedlings height between the 8th week and 
4th from the seeds harvested in 2018 compared to 2017 (Table 3). 

Results found that sinker seeds have high germination ability compared to floa-
ter seeds compared to floated cashew seeds (Tables 4-6). Seeds harvested in 2018 
had many sinkers as compared to those harvested in 2016 and 2017 (Table 4).  
 
Table 1. Shows germination capacity test results at TARI-Naliendele for Cashew seeds 
harvested in 2016, 2017 and 2018 season. 

Y.H N.S.S % G, 1 WASS % G, 2 WASS % G, 4 WASS 

2018 100 0 72.6 99.6 

2017 100 0 2.7 52.4 

2016 100 0 0 0.0 

Y.H = Year of harvest, N.S.S = Number of seeds sown, %G = Germination percent, 1 WASS = one week af-
ter seed sowing, 2 WASS = two weeks after seed sowing, 4 WASS = four weeks after seed sowing. 
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Table 2. Mean comparison for cashew seeds growth rate for 2 months after seeds sowing 
across years of harvest. 

Parameter 
Year 

2018 2017 

Diameter (cm) 21.8** 15.2* 

Leaf Area Index 0.24* 0.19* 

Leaf Area (sq cm) 67.9** 41.0* 

Leaf Length (cm) 16.1** 12.4* 

Leaf width (cm) 4.2** 3.2* 

Plant ground area (sq cm) 383.9** 189.1* 

F.pr = 0.05, * = There is no significant difference, ** = There is significant difference. 

 
Table 3. Mean comparisons of cashew seedlings height (cm) and height change 4 - 8 
weeks after seeds sowing across years. 

Year *MHS4W **MHS8W ***MCHB4 & 8W 

2018 18.80 45.4 26.6 

2017 9.79 32.4 22.6 

LSD0.05 3.525 4.99 5.75 

CV 32.7 17.0 31.0 

P-value <0.001 <0.001 <0.001 

SE± 1.208 1.71 1.97 

*MHS4W = Mean height (cm) of seedlings 4 weeks after seeds sowing, **MHS8W = Mean height of seedl-
ings 8 weeks after seeds sowing and ***MCHB4&8W = Mean change in height (cm) between 4th and 8th 
week. 

 
Table 4. Mean comparisons of number and percentage of cashew sinker and floater seeds. 

Year 
Number of 
sinker seeds 

% sinker seeds 
Number of 

floater seeds 
% floater seeds 

2018 80b 80b 20a 20%a 

2017 56ab 56ab 44ab 44%ab 

2016 39a 39a 61b 61%b 

P-value p < 0.05 p < 0.05 p < 0.05 p < 0.05 

Note: different letters “a, b” across rows or columns describe significant difference between parameters 
(years or floaters and sinkers) and similar letter “a” or “b” indicates insignificant difference. 

 
Table 5. Mean comparison of percentage germination between sinker and floater cashew 
seeds, two weeks after seed sowing across years. 

Year N.S.S. Sinkers Floaters 

2018 100 65 8 

2017 100 2.7 0 

2016 100 0 0 

Key. N.S.S = Number of seeds sown. 
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Table 6. Mean comparison of percentage germination between sinker and floater cashew 
seeds, four weeks after sowing across years. 

Year N.S.S. Sinkers Floaters 

2018 100 90 9.6 

2017 100 50 2.4 

2016 100 0 0 

N.S.S = Number of seeds sown. 
 

Seedlings from cashew seeds harvested in 2018 recorded significantly (p < 
0.05) higher weight and many roots compared to seedlings from cashew seeds 
harvested in 2017 (Table 6 and Table 7; Figures 1-5). However, there was no 
germination for cashew seeds harvested in 2016. 

4. Discussion  

This study tested for germination capacity and assessed cashew seedling vigour 
in relation to seed storage duration. Our study revealed that cashew seeds sown 
in less than one year after the harvest had higher germination percent compared 
to cashew seeds sown more than one year after the harvest. Elongated storage 
duration decreases seed moisture which cause seed coat harder and becomes 
wrinkled hindering imbibition rate [20] [36].The longer the storage duration the 
lower the viability of seeds, hence poor germination [26] [37] [38].  

We recorded higher leaf area index in seedlings from seeds harvested in 2018 
compared to those harvested in 2017. Growth rate and yields is higher for plants 
with high area index [39] [40] [41] [42]. Leaf area index is associated with pho-
tosynthetic rate [39]. It plays a great role in remote sensing of cropping patterns, 
growth vigor of the plant and help to give prediction of crop productions [43] 
[44].  

In case of floating test, results indicated that cashew seeds harvested in 2018 
recorded more sinker seeds (80%) compared to 39% and 56% sinker seeds rec-
orded from cashew seeds harvested in 2017 and 2016 respectively. The present 
study revealed high germination performance (90% from seeds harvested in 
2018 and 50% from 2017 seeds) in sinker seeds compared to floaters (9.6 for 
2018 and 2.4 for 2017 seeds). This implies that sinker seeds are more viable than 
floaters. In this study, it is clearly indicated that floating test as the viability de-
terminant approach has succeeded by 90% based on germination for sinker 
seeds harvested in 2018 at the 4th week after sowing. This implies that there is a 
chance to reduce plant population by 10% if all sinker cashew seeds are planted 
excluding floaters. Floaters germinated by 9.6% for seeds harvested in 2018, im-
plying that not all cashew seed floaters are not viable. It means that some viable 
seeds are reduced when discarding all floaters.  

Based on germination capacity of 99.6% (sinkers = 90 and floaters 9.6%) rec-
orded in cashew seeds harvested in 2018, this study confirmed that farmers 
should be supplied with cashew seeds of the current year regardless of floating 
test.  

https://doi.org/10.4236/ajps.2020.1111128


A. R. Makale et al. 
 

 

DOI: 10.4236/ajps.2020.1111128 1790 American Journal of Plant Sciences 
 

 
Figure 1. Roots of cashew seedling,16 weeks after seed 
sowing for the seeds harvested in 2018. 

 

 
Figure 2. Roots of cashew seedling, 16 weeks after seed 
sowing for the seeds harvested in 2017. 

 
quality is determined by the seed coats characteristics and floatability in water 
[36]. This justifies the necessity of floating tests and thus the floaters were weak-
er than the sinkers as per results. Since seeds harvested in 2016 and 2017 had 
many floaters as these were weak compared to those harvested in 2018. However,  
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Figure 3. Cashew seedlings, two weeks after sowing, the 
seeds harvested in 2018. 

 

 
Figure 4. Cashew seedlings, two weeks after sowing, the 
seeds harvested in 2017. 
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Figure 5. The Cashew seedbed with no seedlings germi-
nated, two weeks after sowing, seeds harvested in 2016. 

 
Table 7. Mean comparison of cashew seedlings fresh and dry weight (g) and number of 
roots 16 weeks after seed sowing across years. 

Year ***FW16wk ***DW16wk ***NR16wk 

2018 15.6 3.8 111 

2017 10.4 2.7 63 

LSD0.05 3.06 1.00 34.62 

CV 31.3 40.5 52.7 

P-value 0.002 0.032 0.008 

SE± 1.05 0.34 11.86 

***FW16wk = Fresh weight (g) 16 weeks after seeds sowing, ***DW16wk = Dry weight (g) 16 weeks after 
seeds sowing and ***NR16wk = Number of cashew seedlings roots 16 weeks after seeds sowing. 

 
Seedlings from seeds harvested in 2018 performed better with  many roots 

and higher fresh and dry weight compared to seedlings from seeds harvested in 
2017. Increased nutritional content of cotyledons improves embryo functioning 
for seed germination and good performance of seedlings [13] [14] [15]. Plant 
roots pattern modified with many and healthier root hairs and tap roots indicate 
good performance of seedlings [46]. Health roots ensure plant cells turgidity and 
efficient uptake of plant nutrients. 
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5. Conclusion and Recommendation 

The present study found a 99.6% germination capacity for cashew seeds sown in 
less than one year after harvesting. However, no germination was recorded for 
cashew seeds sown after two years from harvesting time. This implies that ca-
shew seed viability decreases with the increase in storage duration. The study al-
so revealed that sinker seeds are more viable compared to floater seeds. Howev-
er, neither all sinker seeds are viable nor all floater seeds are not viable. There-
fore, cashew farmers should be supplied with cashew seeds harvested from the 
current season. Further study is required to improve the floating test method 
that can reduce viable seeds from floaters and inviable seeds from sinkers. 
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