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Abstract. To guarantee the continuous supply of seed for supporting plantation programs in city 
forests, techniques to store the seeds that can prolong their life are required. The objective of the 
paper was to review the seed storage techniques of 20 (twenty) species of city forest trees, with 
locally named as: asam jawa, ampupu, bungur, cempaka kuning, cemara laut, damar, gmelina, jati, 
johar, kenari, kayu afrika, kecapi, mangium, mindi, pulai, rasamala, sawokecik, suren, tusam, and 
tanjung. The storage techniques of those twenty seed species are classified based on their 
physiological characteristics, i.e: orthodox (asam jawa, ampupu, bungur, cemara laut, gmelina, jati, 
johar, kenari, mangium, mindi, sawokecik, tusam, and tanjung), recalcitrant (damar and kecapi), 
and intermediate (cempaka kuning, kayu afrika, rasamala and suren). The review results indicates 
that (1) The techniques to store orthodox seeds are to put the seeds in a room with a temperature of 
0�C-20�C with a relative humidity of 40%-50% and a seed moisture content of  5% - 7%, (2)  
recalcitrant seeds are stored at a temperature of 12�C-15�C with a relative humidity of  60% - 
70%, and a seed moisture content of 20%-35%, and (3) intermediate seeds storage applies the 
temperature of 20�C and seed moisture content of 12% - 17%. 

1. Introduction 
City forest or urban forestry is a specific area with a number of trees or woody vegetation managed in 
urban and suburban areas (e.g cities, towns, villages etc) [1, 2]. The goals of urban forestry include 
sustaining tree health, performing aesthetics, protecting flora and fauna, enhancing the physical, 
biological, economic, and social environment of the community. According to [3] a city forest is a site 
where the trees are grown within urban areas either in state or privately owned lands that serves as a 
buffer environment  for water and air management, flora and fauna habitats and other ecosystem services. 
It is important to note that the area is set by the authorities as urban forest.  

Considering the importance of city forest development, efforts are needed to support the success of 
plantation. One of the important factors is the availability of quality seeds in a  sustained-adequate 
quantity. To ensure the availability of seeds for a long time, it requires techniques to store the seeds to 
prolong their life. The main goal of seed storage is to ensure the procurement of quality seeds for a 
planting programme. An unapropriate storage will lead to the decrease of seed viability.  

Before storing seeds, we need to pay attention to their physiological characteristics. Based on the seed 
characteristics, in [4] we generally classify seed into two catagories i.e: orthodox and recalcitrant. 
However, [5] pointed out another catagory that is set between the two catagories, to be called as 
intermediate. Orthodox seeds can be stored under cold and dry conditions, while recalcitrant seeds will 
die if stored under such manner [6]. Intermediate seeds can be stored under dry conditions but can not 
stand to the exposure of low temperature [7].  
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There are many species of forest trees that can be grown in a city forest, among others, 20 (twenty) 
selected species belonging to three catagories of physiological charateristics of seeds. Understanding the 
seed, physiological characteristics is important for city forest managers. Therfore, this paper will review 
the seed storage techniques of asam jawa (Tamarindus indica L.), ampupu (Eucalyptus urophylla S.T. 
Blake), bungur (Lagerstroemia speciosa (L.) Pers.), cempaka kuning (Michelia champaca L.),  cemara 
laut (Casuarina equisetifolia L.), damar (Agathis loranthifolia Salisb), gmelina (Gmelina arborea Roxb.), 
jati (Tectona grandis L.f.), johar (Cassia siamea Lam.), kenari (Canarium indicum L.), kayu afrika 
(Maesopsis emenii Engl.), kecapi (Sandoricum koetjape (Burm.f) Merr.), mangium (Acacia mangium 
Willd.), mindi (Melia azedarach L.), pulai (Alstonia scholaris (L.) R.Br.), rasamala (Altingia excelsa 
Noronha), sawo kecik (Manilkara kauki (L.) Dubard), suren (Toona sureni (Blume) Merr.), tusam (Pinus 
merkusii Jungh.& de Vriese) and tanjung (Mimusops elengi L.).  

2. General features of 20 species of city forest  
The botanical and ecological features of the twenty species of the city forest is described in table 1.
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3. Seed characteristics and storage techniques of twenty species of city forests 
Seed storage techniques of  twenty species are categorized based on their physiological characteristics, i.e 
orthodox seeds (asam jawa, ampupu, bungur, cemara laut, gmelina, jati, johar, kenari, mangium, 
sawokecik, tusam, and tanjung), recalcitrant seeds (damar and kecapi) and intermediate seeds (cempaka 
kuning, kayu afrika, mindi, rasamala, and suren). Storage techniques of the seeds are summarized in table 
2. 

Table 2.  Seed storage techniques of  twenty species of city forest. 

No. Seed species Seed characteristics Storage techniques 

1 Asam jawa (Tamarindus 
indica L.) 

Orthodox Seeds should be stored at low temperatures 
(5-100C ). At this temperature, the viability 
of seeds can be prolonged for several years 
[8].   Storing the seeds in a porous gunny 
sack  will be able to increase their potential 
viability and vigor of seedlings after being 
storage for 12 weeks [43].   

2 Ampupu (Eucalyptus 
urophylla S.T. Blake) 

 Orthodox Seeds can be stored up to 3.5  years with an 
initial moisture content of   10%,  placed in 
an air-conditioned room  (T 18-200C, Rh 
50-60%), pack  in an air-tight container  
(plastic bag or tin). The germination 
capacity achieves 90% [44].   

3 Bungur (Lagerstroemia 
speciosa (L.) Pers.) 

Orthodox Seeds are air dried and stored in a closed 
container. Stored in a low moisture content. 
Viability maintained even after 2 years, in 
hermetic storage at room temperature. 
Germination increases during the first 3-12 
months of storage [45].          

4 Cempaka kuning (Michelia 
champaca L.) 

Intermediate Seeds are stored at cold room temperatures 
(50C).  The  viability can be maintained for 
7 months [46].          

5 Cemara laut (Cassuarina 
equisetifolia L.) 

Orthodox The seeds are resistant to drying. Before 
storage, the seeds are dried under the sun to 
a moisture content of 5-6%. Packed in a tin 
and placed under room temperature. 
Durability of storage up to 3 months [47].       
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No. Seed species Seed characteristics Storage techniques 

6 Damar (Agathis 
loranthifolia Salisb) 

Recalcitrant Seeds are air dried for 24 hours to get 30% 
of  moisture content, then add fungicide of  
mancozeb + karbendazim (Delsene MX-
200) with a dosage of 4.01-4.05 g/kg seeds. 
Packed  in a plastic bag and placed either in 
an air-conditioned room (T 18-20�C, Rh 
50-60% ) or a regular room (T 28-330C, Rh 
60-70%). This condition can keep the 
germination capacity of 70% for 9 months  
[48].             

7 Gmelina (Gmelina arborea 
Linn.) 

Orthodox Seeds are stored at a low moisture content 
of 5-8%. Drying for two days to get 5-8%.  
Packed  in an air tight container. Placed in 
an air-conditioned room (T 18-200C, Rh 50-
60%).  The viability can be maintained for 
12 months with germination capacity of  
60-70%  [49, 50].             

8 Jati (Tectona grandis 
Linn.f.) 

Orthodox Seeds are stored at a temperature of < 20 0C  
and a relative humidity of < 60%  [51].           

9 Johar (Cassia siamea 
Lamk.) 

Orthodox No specific method of storage required. 
Packed in a plastic bag or tin and place in a 
regular room [47].             

10 Kenari (Canarium indicum 
L.) 

Orthodox Seeds are packed in a hermetic container 
(palstic bag or tin can). Seed moisture 
content before storage is 5-8%. Air-
conditioned room (180C) is suggested to 
store the seeds [52].             

11 Kayu afrika (Maesopsis 
emenii Engl.) 

Intermediate Seeds can be stored under low temperature 
(4-80C) by using  an impermeable container 
[53].             

12 Kecapi (Sandoricum 
koetjape (Burm.f) Merr.) 

Recalcitrant Seeds have a relatively high moisture 
content after being extracted from the fruits 
i.e around  55%.  It is suggested to store 
temporary (during transporting) kecapi in 
the form of fruits, to keep the water content 
of the seeds high.  The temporary storage 
can be carried out under room temperature 
of 18-200C or a refrigerator (T 70C ) [54].       
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No. Seed species Seed characteristics Storage techniques 

13 Mangium (Acacia mangium 
Willd.) 

Orthodox Seeds are stored at a low moisture content  
(5-8%) by drying under the sun for two 
days. Packed in a hermetic container  (seeds 
are put in plastic bags then placed in a tin 
can).  The storage room is either an air- 
conditioned room or a dry cold storage.  By 
this manner the viability could be 
maintened for three years [55].             

14 Mindi (Melia azedarach 
Linn.) 

Intermediate Seeds should be kept in high moisture 
content (10-15%). The seed moisture 
content is decreased by  aerating in air 
conditioned room (T 18-200C ) on a flat 
container for 3 days. The seeds will die if 
the moisture content < 10%.    Fresh stones 
(moisture content ± 22%) are kept in plastic 
and then stored in a tin can in a cold room 
with a temperature of 18-20�C, RH 70-
80%. Using this treatment, the germination 
percentage of the seeds can be maintained 
up to 20-30% after 10-12 weeks in storage 
[56].  

15 Pulai (Alstonia scholaris (L) 
R.Br.) 

Intermediate Seeds are stored at low temperature. Due to 
its thin seed coat, the viability rapidly 
losses if it is stored under high temperature 
[57].The safe moisture content for storage 
is around  7.5-9.0%, achieved from aerating  
the seeds for 2-3 days under room 
temperature  (T ± 250C, Rh 70-90%).  
Seeds are then packed in a tight plastic bag 
(≥4 mm thick) and stored in a cool room 
(Dry cold storage or refrigerator). The 
germination capacity reaches  82%  after  6 
months storage [58]. 

16 Rasamala (Altingia excelsa 
Noronhae) 

Intermediate Seeds can be stored with their viability 
remain good when seed moisture content is 
lowered to 7 - 8% and stored in a cool room 
or refrigerator with a temperature of 4-8 �C 
by using packaging material formed as a 
plastic bag with a width of  0.1 [59]. 
 

17 Sawokecik (Manilkara kauki 
Dubard) 

Orthodox Moisture content of the seeds should be 
decreased by drying up, stored in an 
hermetic container and placed in a low 
temperature room (air conditioned room or 
refrigerator) [60]. 
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18 Suren (Toona sureni 
(Blume) Merr.) 

Intermediate Seeds are drying up to lower their moisture 
content, then put in a clothed bag and 
placed in an air conditoned room (T 18-
200C).  With this treatment, the viability of 
the seed can be kept for 4 months with the 
germination capacity of 56,66% [61]. 

19 Tusam (Pinus merkusii 
Jungh.et de Vriese) 

Orthodox Seed moisture content kept at 5-8% can 
maintain the viability for a period of 2 
years.  The container uses a plastic bag that 
is put in a tin can and placed in a dry cold 
storage (T 4-80C, Rh 40-60%)   [62]. 

20 Tanjung (Mimusops elengi 
L.) 

Orthodox Seeds are stored in an air conditioned room  
(T 18-200C, Rh 50-60%) by using a 
container of  a tight plastic bag,  at seed 
moisture content  of  5-8%.  The seeds can 
be stored for a nine-months period [63]. 

The results on storage techniques of the twenty species of city forest indicated that the orthodox seeds 
should be stored at a low seed moisture content, tightly packing, stored in low temperature and humidity. 
Contrary to orthodox seeds, the recalcitrant seeds require a high moisture content at the time of storage, 
preferred mixed medium for storage, porous packaging, room storage at a relatively high temperature and 
humidity. Seeds of intermediate characteristic are in between of orthodox and recalcirant features. They 
need a lowered moisture content like orthodox,  but they can not withstand if stored in low temperature 
and humidity like recalcitrant does [64]. 

4. Closing Remarks 
The availability of a good quality seed is necessary to support the successful planting of 20 tree species in 
urban forests. The quality seeds are obtained through proper handling of seeds starting from collection, 
processing to storing the seeds. Through many research and testing activities, the seeds have to be stored  
based on their physiological characteristics such as orthodox, recalcitrant and intermediate. Considering 
the characters possessed by each seed species, orthodox forest tree seeds could be prioritized for urban 
forests. This is due to its capability to be stored in a long period making them more available as planting 
stock as necessary. However, the recalcitrant and intermediate seed species are also recommended to be 
planted in city forests, however the seeds should be processed properly before being stored. The best 
practice is to sow the available fresh seeds as soon as possible for seedling production. 
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