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ABSTRACT

This study was conducted to improve and maintain the quality of fresh ginger rhizome as planting 
material during storage for commercial use. Fresh ginger stored in clay houses under shade becomes over 
dried, rotten and over sprouted resulting unsuitable to use as planting materials. Seven treatments were used 
to store ginger rhizomes i.e. paddy husk, coir dust, with pesticide treatment (rhizomes dipped in pesticide), 
white polythene bag, coir with pesticide treatment, ginger stored in sand and control. Each treatment was 
tested with two levels of temperature; normal temperature (atmospheric) and low temperature (25 °C) in the 
laboratory. A field trial was conducted with selected treatments to store ginger in a zero energy cool chamber 
(ZECC). The weight loss of ginger, appearance and number of sprouts were recorded throughout the 
experiment for each test. Temperature levels were not significantly correlated with weight loss of rhizomes. 
However, the highest sprouting was recorded under low temperature. There was a treatment effect on ginger 
weight loss. The successful method to store ginger was in sand followed by white polythene bag. Treatments 
of paddy husk, white polythene and sand showed intermediate shrinking or drying. Only the ginger treated 
with sand showed no rot or decay. The cool and moisten condition at ZECC resulted in a least moisture 
removal and high sprouting in rhizomes than in a normal environmental conditions.
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rotting, over drying, over sprouting, low 
viability and high pest attacks, making the seed 
ginger unsuitable to be used as good planting 
materials (Anon, 2016b).

Several conventional methods are widely 
used by the farmer to store rhizomes. Among 
them sand, saw dust, paddy husk, in situ storage 
are practiced at farm levels. Considering the 
availability of local materials an improved 
storage-structure was developed by ICAR 
Research Complex, Meghalaya (ICAR, 2015). 
The improved pit storage method provides cool 
conditions, ensuring freshness for prolonged 
storage. For better germination, the seed 
rhizomes are required to be stored properly in 
pits under shade (Sasikumar et al., 2008). Fresh 
ginger should be stored in a cold and humid 
environment. Fresh ginger rhizome shelf life 
may be extended by storage at 10-12 °C and 
high humidity. In a study on Hawaiian ginger, 
quality was stable during 28 weeks when stored' 
at 12.5 °C and 90% relative humidity. 
Irradiation at 0.05-0.06 kGy may be used to 
inhibit sprouting and extend shelf life of fresh 
ginger (FAO, 2002). Those are not affordable in 
a developing country. Therefore, low cost 
methods are demanded to store ginger rhizomes 
commercially in Sri Lanka.

However, cold storage may not always be 
available in the producing areas. A zero energy 
cool chamber (ZECC) was experimentally 
designed at the Indian Institute of spices

INTRODUCTION
Ginger (Zingiber officinale), is a tropical 

herbaceous spice crop which belongs to family 
Zingiberaceae, and grown as an annual 
indigenous plant in tropical India, South East 
Asia, Australia and Japan (Purseglove, 1972). 
The highest extent of cultivation in Sri Lanka is 
recorded in the Kandy district, 379 ha, in year 
2009 (DOA, 2009). Major ginger growing areas 
are Kurunagala, Kandy, Gampha, Colombo and 
Kegalle (Department of Census and Statistics, 
2016). According to the Sri Lanka customs, 594 
Mt of ginger valued Rs. 71 million has been 
imported to the country in 2009.

People’s Organization for Development 
Import and Export (PODIE) is a limited liability 
company based in Negombo. Sri Lanka which 
is engaged in export of value added organic 
spice through fair trade channel based in 
European and Scandinavian countries, 
Australia, Hong Kong and New Zealand. Raw 
spices are purchased from the registered local 
farmer field those adopted organic fanning 
system.

Recently, the company encountered a 
problem in supplying the seed ginger rhizomes 
for the farmers’ cultivation requirement (Anon, 
2016a). Fresh ginger of previous harvest were 
unable to store several months to be used in the 
cultivation season. Prevailing method of storing 
ginger is stacking over a clay floor under a 
shade house. Problems such as decaying,
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research to store fresh ginger maintaining the 
temperature 10 °C below the outside 
temperature at 90% relative humidity (FAO,
2002). Zero energy cool chambers are easy to 
build by locally available materials, such as 
brick, sand, bamboo, straw and gunny bags 
(IIRR, 1996).

Therefore, the objective of this study was 
to improve and maintain the quality of fresh 
ginger rhizomes under different storing 
methods using paddy husk, coir dust, sand, 
polythene, pesticide treatment and ZECC.

MATERIALS AND METHODS 
Location

This research was conducted at the 
Department of Horticulture and Landscape 
Gardening, Faculty of Agriculture and 
Plantation Management, Wayamba University 
of Sri Lanka, Makandura, Gonawila, in 
collaboration with People’s Organization for 
Development Import and Export (PODIE), 
Negombo from January to May 2016. Field 
trials were conducted at the PODIE factory site 
located in Kadirana, Negombo.

Experimental Materials
All the materials required for the 

experiment including ginger rhizomes and other 
hard materials were provided by PODIE.

Test in Laboratory
Seven methods were tested for ginger 

storage (Table 1). The treatment effect was 
tested under two temperature levels (normal and 
low). Ginger rhizomes were covered with 
paddy husk, coir dust, polythene and rhizomes 
were dipped in Temaron (normal pesticide used 
to treat rhizomes by PODIE).

Table 1. Tested methods for storing ginger
T reatment Store method
Tt Paddy husk
t2 Dried coir dust
T, Pesticide liquid treatment (Rhizomes 

dipped in Termaron “Metarhizium 
anisopliae) for few minutes and 
allowed to drain

t4 White polythene bag (made holes in 
the polythene bag for aeration)

Ts Coir treated with pesticide (Termaron 
“Metarhizium anisopliae)

t6 Sand (Sand was sun dried and sieved)
t7 Control (Rhizomes bare opened)

Test in Zero Energy Cool Chamber (ZECC) 
The ZECC was constructed in Kadirana, 

Negombo. An open land (no buildings or trees 
in the 10 m vicinity), with direct sunlight, good 
blowing and without water logging that closer 
to a source of water was selected. A thatched 
roof shed was implemented using dried woven

coconut leaves to shield the chamber from 
direct sun and rain. A layer of bricks was placed 
on ground as the basement. Two single bricked 
walls were erected with a 7.5 cm gap apart 
enclosing a VA ’, 1x3*1 m (HxLxW) cubic 
area.

The gap was filled with moistened sand 
and walls of the chamber were soaked in water 
from dripper. The chamber walls were wetted 
with a dripper every day. The chamber was 
covered with a plastic poly sheet followed by a 
cover frame made by bamboo and coconut 
leaves. Three chambers were prepared in the 
same manner.

Experimental Design and Statistical Analysis
In the in vitro test 500 g of ginger 

rhizomes in plastic trays were used as a sample 
test unit. While in ZECC 15-20 kg of ginger in 
plastic crates were used as a sample test unit. 
The tested sample units were randomly treated 
with selected treatments in (Table 1). The 
experiment was arranged in Completely 
Randomized Design (CRD) with three 
replicates.

Data Collection
Treated ginger samples were weighted 

weekly and calculated water loss percentage in 
every week for each treatment. The number of 
sprouts were also recorded through-out the 
experiment. The average wet and dry 
temperatures in the storage environments were 
recorded by a wet and dry bulb thermometer.

Data Analysis
The data obtain from the study was 

statistically analyzed using the General Linear 
model (GLM) procedure of Statistical Analysis 
System (SAS) version 9 .2 .

RESULTS AND DISCUSSION 
Test in laboratory

The results revealed that there was a 
significant treatment effect on fresh weight loss 
of the rhizomes (PO.OOO). According to the 
analysis the temperature conditions had no 
significant effect over weight loss of fresh 
ginger (Table 2).

Considering the treatment effect in Table 
3 ginger stored in white polythene bag (T4) gave 
the lowest weight loss percentage (25.47%) that 
is significantly different from control (T7). The 
second and third lowest weight loss was 
recorded respectively in methods of sand (Te) 
and paddy husk (T2). However, effects of Ti and 
T6 are not significant from control (T7) (Table
3). Covering ginger with coir (T2), either treated 
with pesticide (T3) and coir (T5) recorded
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significantly higher weight loss than the control
(T7).

Table 2. Analysis of variance table for 
temperature and treatment

Source DF Mean Square F
value

Pr>F

Temp 1 1.13 0.03 0.8573
Tn 6 1477.07 42.88 <0001

S ig n ifica n ce  at 0.05 level. Tem p- 7
Treatm ent, DF-Degrees o f  fre e d o m

Table 3. Mean ginger weight loss percentage 
in different media

Storage method Mean weight loss %

T, 30.87dcc
T, 45.62b
T 34.60c
T4 25.47c
Ts 70.24a
t6 26.57dc
t 7 32.53dc

N ote: V alues with sam e su p erscrip t letters are not 

sig n ifica n tly  d ifferen t at 0.05 level. P a d d y  husk, 

T2- C o ir  dust, T3-Pe s tic id e  dip, 7V W hite p o ly th en e, 
Ts- P esticid e-^ C oir, T6- Sand, T 7- C o n tr o l

Lowest weight loss in white polythene bag 
could be due to the moisture barrier created by 
the polythene surrounding the ginger rhizomes.

Sprouts Number and Appearance o f Ginger
During the laboratory experiment the 

temperature levels and treatments had shown 
significant effect on sprouting of ginger (Table
4). Number of sprouts in each treated methods 
under both normal (NT) and low temperature 
(LT) are depicted in Figure 1.

Significantly higher number of sprouting 
was obtained in low temperature condition 
when compared to the normal temperature. Out 
of treated media the first best 68 sprouts were in 
coir dust (T2) under LT while it was 39 in NT. 
Second best was sand (T&) with 56 sprouts in LT 
conditionwhile in NT, it was 54 sprouts (Figure 
1).

When compared to number of sprouts, 
viability is higher in low temperature. This fact

was also proven by Sasikumar et al., (2008) in 
their experiment in storing rhizomes for 
germination in cool pits. The sucker production 
increased with in sprout number per seed sett 
(Kandiannan et al., 2008).

Table 4. Analysis of variance table for 
sprouting

Source DF Chi - square Pr>chisq
Temp 1 3 7 .9 5 < 0 0 0 1
Trt 6 82.44 < 0 0 0 1
Temp * Trt 6 28.32 <.0001

Trt- Treatmentmt,Temp- Tem perature, D F -  D eg rees

o ffr e e d o m

The results of Table 5 and Figure 1 
suggest that when high shrinking of ginger seed, 
the number of sprouts per seed increased 
considerably. For an instance ginger treated 
with coir (T2) had recoded high shrinking as 
well as highest sprouting. On other hand ginger 
treated with pesticide and coir (T5) gave less 
sprouts both in LT and NT (Figure 1), but no 
any shrink appearances. That could be due to 
the rotting and decaying of the rhizomes (Table 
5).

Table 5. Appearance rating for ginger over 
treatments

Treatment Shrinking Rot and decay

T, Intermediate Less
T, Hiah No
T No No
T Intermediate Less
t 5 No Yes
t 6 Intermediate No
t 7 High No

T 1- P a d d y  husk, T2- C o ir  dust, 7 j -  P e s tic id e  dip, 7 V  

W hite p oly th en e, Ts- PesticideT6- Sand, 7 V  

C  on trol

According to the results in Table 5 the 
normal practices of PODIE treating ginger by 
pesticide (T3) had no rotting or decaying 
however, when ginger was covered with coir 
treated with pesticide (T5), rotting and decay 
had been recorded.

Ginger storage media
Figure 1. Number of ginger seed sprouts in the tested methods (in vitro). L T - Low  tem peratu re , N T- 

N orm al tem peratu re , Ti- P ad d y  husk, T2- C o ir  dust, 7j- P e stic id e  dip, 7V W hite p oly th en e, Ts- P e s tic id e + C o ir , T6- 
S a n d , T?- C o n tro l
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Treatments of Paddy husk (Ti), White 
polythene (T4) and Sand (Te) showed 
intermediate shrinking or drying but ginger 
treated by sand (Te) did not show any rotting or 
decaying.

Test in ZECC
Weight loss percentage of fresh ginger 

was significant in main treatment factors T6, T4 
and T7 except T2 and T4 (Table 6). The lowest 
ginger seed weight loss (0.56%) was recorded 
in ginger in sand (T6) while the control (T7) 
recorded the highest significant weight loss 
(13.25%) (Table 6). Paddy husk (Ti) and white 
polythene (T4) recorded second and third lowest 
respectively.

Comparing weight loss percentage in both 
laboratory and ZECC (Table 3 and Table 6) a 
significantly low weight loss percentage for all 
treatments were recorded in ZECC. The cool 
chamber maintained about .85-90% relative 
humidity (Susanta and Emeritus, 2007). During 
the experiment ZECC recorded 93% average 
relative humidity which was optimum for 
storage. Waelti (1991) reported in the research 
that humidity management is important in 
modem fruit storage along with temperature 
and storage atmosphere.

Table 6. Mean ginger weight loss percentage 
in selected media under ZECC

Storage method Mean weight loss 
percentage

Ti 0.80c
T 4.18 b
t4 2.99 6
t6 0.56c
t7 13.25 a

Values with same superscript letters are not 
significantly different at 0.05 level. Ti- Paddy husk, 
T2- Coir dust, TV- White polythene, T6- Sand, T?- 
Control

CONCLUSIONS
According to the results of the study, in 

normal temperature with low relative humidity 
ginger stored in white polythene bags have 
minimum moisture loss and high number of 
sprouts. Covering with sand and paddy husks 
are the next best alternatives after white 
polythene bags. In a cool high relatively humid 
environment (ZECC) ginger rhizomes stored in 
sand have lowest moisture loss and high 
number of sprouts.

Research should be extended to determine 
methods to control the storage pests such as 
shoot borer damage in commercial level.

ACKNOWELEDGEMENTS
Authors wish to express their gratitude to 

Mr. K.H.M.I. Karunarathne, Information and 
Communication Technology (ICT) Centre, 
Wayamba University of Sri Lanka, for their 
guidance on statistical analysis, also wish to the 
help given by Mr. R.M.A. Padmasiri (Technical 
officer) and staff of the Department of 
Horticulture and Landscape Gardening, 
Wayamba University of Sri Lanka, are greatly 
appreciated.

REFERENCES
Anon. (2016a). Personal contact with manager 

of PODIE export company 
(Mr.T.Femando).

Anon. (2016b). Personal contact with manager 
of PODIE export company 
(Mr.T.Femando).

Department of Agriculture. (2016). Available 
from: www.exportagridept.gov.lk
(Accessed 21 April 2016).

Department of census and statistics in Sri 
Lanka. (2009). Annual report. 2009.

FAO. (2002). Ginger Postharvest Operations 
Booklet: Ginger Post Production
Management for Improved Market Access, 
Food and Agriculture organization of the 
United Nations. 14-15.

ICAR. (2015). Low cost Ginger Storage 
Structure. Indian Council of Agricultural 
Research for North East Hill Region.

IIRR. (1996). Environmentally. Sound 
Technologies for Women in Agriculture, 
International Institute for Rural 
Reconstruction.^ 2 13-214.

Kandiannan, K., Thankamani, C.K., Shiva,
K.N. and Mathew, P.A. (2008). Ginger 
seed sett weight and number of sprouts on 
sucker production, clump yield, 
multiplication rate and relationships. 
Indian Institute of Spices research Calicut 
673012, Kerala, India.

Purseglove, J.W. (1972). Tropical crops: 
Moncotyledons, Longman group limited,
U. K., London. 52-54.

Sasikumar, B., Thankamani, C.K., Srinivasan,
V. and Devasahayam, S. (2008). Ginger 
Indian Institute of spices research. Calicut- 
673012, Kerala.

Susanta, K. and Emeritus. (2007). On farm 
storage technology can save energy and 
raise farm income. Amity science, 
Technology and Innovation Foundation 
Amity University Uttar Pradesh, 
Expressway, sector-1.

Waleti, H. (1991). Humidity Management in 
CA storages. Tree fruit Postharvest 
journal, 2, 16-20.

292


