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ABSTRACT

Researchers around the world have dedicated a great deal of effort to  
improve the vigour and quality o f seed potatoes to maximize production efficiency  
and increase crop yield. Plantlets produced by planting G0 mini tubers in sand trays 
and stem cuttings rooted in solid nurseries are used as standard planting materials for  
hydroponic systems. With the objective o f increasing the quality o f planting materials 
and lower the cost o f production, liquid nursery system was introduced into G 0  seed  
potato production flow. A completely randomized, sixteen times replicated trial w as 
carried out in a poly-tunnel and a greenhouse at RARDC, Bandarawela with  
biological and economic analysis. Nursery stage plantlets were evaluated in glass 
house up to transplanting and growth and yield performances of plantlets w ere  
evaluated inside the poly tunnel. The results revealed that, root and shoot 
development o f plantlets in liquid nursery was significantly higher than that o f other  
methods at the stage o f transplanting. There was no significant difference among 
nursery methods in seed yield and quality. Cost reduction per propagule by using 
liquid nursery is 85% compared to sand nursery method . It has two fold economic 
advantages than other two conventional methods tested. It is revealed that, liquid 
nursery is very useful to produce large number o f vigorous and high quality planting 
materials of potato in limited space at low price, which is more advantageous for G 0 

mini tuber production programmes.
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INTRODUCTION

Supply o f  h igh quality  seed potatoes at an affordable price is a pre  

requisite  o f  the Sri Lankan potato  industry today. Therefore, good quality, disease 
free seed tuber production  is an im portant need to optim ize the seed tuber



production. Rapid m ultiplication technique is one o f  the flexible methods used 
worldwide to produce first generation tubers (Go) which are free from pests and 
diseases. It produces seed potato tubers free from seed borne diseases (Roca et al., 
1978). In vitro m other plant production, prim ary and secondary mother plant 
production, production o f rooted stem cuttings (RSC) and production o f  mini 
tubers and pre basic seeds are the main consecutive steps o f  rapid multiplication 
technique. Various hydroponic techniques and geoponic techniques are used to 
produce mini tubers and pre basic seeds. M ini-tubers are small tubers o f 5 -  25 mm 
in diameter and a range in weight between 0.1 — 10 g and sometime higher 
(Ostroshy 2006).

In majority o f  the occasions, planting materials for mini tuber 
multiplication is done by germinating previously produced mini tubers in sand 
nurseries (Mazeen et al., 2008). Furthermore, rooted stem cutting produced in solid 
media nurseries are used occasionally. It is essential to use sterilized sand and solid 
media to avoid contaminations in both instances. Because o f vegetative 
propagation, viruses and viroid can be accumulated in tubers (Muthoni et al., 
2013). Root system o f plantlets obtained from sand and solid nurseries are cleaned 
to remove soil and other solid particles and supported by a piece o f gauze to 
facilitate nutrient uptake at the initial stage before placing them in hydroponic 
systems. Hence, cost also increases as several steps are involved in the production 
process and furthermore, roots can be damaged during the process.

S tem  c u ttin g s  can  b e  e as ily  ro o te d  in  a  liq u id  m e d ia . It re su lts  in a  g o o d  

roo t sy stem  an d  v ig o ro u s  g ro w th . T h e  ro o t sy s te m  o f  s te m  c u ttin g s  ro o te d  in  a 

liqu id  n u rse ry  n e e d s  n o  p re  c a re  p ra c tic e s  as  c o n v e n tio n a l p ra c tic e s . T h e re fo re  it is 

eco n o m ica lly  an d  b io lo g ic a lly  b e n e f ic ia l to  p la n ts  th a n  c o n v e n tio n a l m e th o d s . 

W ith  the  o b je c tiv e  o f  in tro d u c in g  liq u id  m e d ia  n u rs e ry  sy s te m  to  th e  seed  

p ro duction  p ro cess , an  e x p e r im e n t w a s  c o n d u c te d  u s in g  a  h y d ro p o n ic  seed  

p roducing  m e th o d  to  e v a lu a te  the  g ro w th  a n d  y ie ld  a d v a n ta g e s  o f  p la n tle ts  
p roduced  in  a  liq u id  n u rse ry .

MATERIALS AND METHODS

E x p e rim en ts  w e re  ca rried  o u t in a  g la ss  h o u se  fo r  tw o  w eek s a t n u rse ry  
stage and  seed  p ro d u c in g  s tag e  in s id e  p o ly -tu n n e l fro m  S e p te m b e r to  N o v e m b er in 
2014 a t R eg io n al A g ricu ltu re  R esearch  an d  D e v e lo p m e n t C en tre  (R A R D C ),



Bandarawela. Poly tunnel for the experim ent w as laid out in a Complete 

Random ize D esign w ith 10 replicates w ith 5 experim ental units for each replicate. 

Plantlets from different nurseries w ere transplanted  in a sim plified hydroponic seed 
producing system  w hich uses nutrient film technique. G0 Seed tubers and stem 

cuttings (SC) o f  secondary m other plants o f  potato variety Granola were used. 
Three different nursery m anagem ent techniques for planting material production 

were used as treatm ents (P late 1). They are, (I) rooted sprouts from whole G0 

tubers (sm all tubers o f  5-20 mm diam eter) grow n in a sand tray (G0 sand nursery), 
(11) stem cuttings (from  secondary m other plants raised in a glass house) rooted in 

liquid (SC liquid nursery) and (III) stem  cuttings rooted in solid media nurseries 
(SC solid nursery).

Plate 1. Different nurseries used to produce RSC in the study
Note: A=Rooted sprouts from whole G0 tubers grown in a sand tray; B=Stem cutting rooted 

in Liquid nursery; C=Stem cutting rooted in solid nursery.

Preparation of nursery

Solid media: C attle m anure, coir dust and soil (1:1:1) w ere used as nursery media. 

Soil and dried cattle m anure was sieved and they w ere thoroughly mixed with 
w ashed coir dust. Then the mixture was filled in small net bags and stacked inside 
a barrel for steam  sterilization. More than four hours were required for full 

sterilization. Then they w ere filled in nursery trays and w atered up to field capacity 
before establishing stem cuttings. To induce rooting, trays were covered w ith 
transparent polythene as propagators for a week. Then polythene was removed and 
kept for another w eek to acclimatize the plants before transplanting.

Liquid media: Black polythene lined plastic crate was filled with Albert solution 
(1.5 g o f  A lbert’s m ixture dissolved in one litre o f  w ater). A metal net (mesh size



2.5 cm 2) w as  p la c e d  on  th e  tray  an d  c o v e red  w ith  tw o  lay e rs  o f  b la c k  a n d  w h ite  

po ly thene , o n e  to  o v e r  th e  o ther. In n e r b la c k  p o ly th e n e s  p ro v id e  th e  d a rk  ro o t 

env iro n m en t w h ile , w h ite  p o ly th e n e  re fle c ts  th e  lig h t an d  h ea t a t o u ts id e . S m a ll 

inc isions (0 .5 ” x 0 .5 ” ) w e re  m ad e  in  th e  p o ly th e n e  la y e r in 2 ”x 2 ” d is ta n c e . S te m  

cu ttings o b ta in e d  from  sec o n d a ry  m o th e r  p la n ts  w e re  in se r ted  in to  th e  in c is io n s  

(new ly  in tro d u ce d  m e th o d  fo r ro o tin g  o f  s tem  cu ttin g s). P lan ts  w ere  m a in ta in e d  fo r 

tw o w eeks un til th ey  re a ch e d  15 cm  h e ig h t (P la te  2).

Sand nursery: G 0 s e e d s  w e re  p lan ted  ( 2 ” x 1”  sp ac in g ) in  16” x 2 3 ”  p la s t ic  tra y s  

filled  w ith  c le a n e d  a n d  s te r iliz ed  tw o  in ch es  th ic k n e ss  san d  lay er. S a n d  w a s  

w ashed  an d  s tea m e d  p rio r  to  fillin g  in to  th e  tray . T h is  is th e  m o st p o p u la r  n u rse ry  

p reparation  m e th o d  u sed  to  p ro d u c e  see d lin g s  fo r h y d ro p o n ic  sy stem s. P la n ts  w e re  

m ain ta ined  fo r tw o  w e ek s  un til th ey  re a ch e d  15 cm  h e ig h t.

(a) (b )  (c )
Plate 2. P reparation  steps o f  liquid  nursery.
Note: A = L in in g  o f  plastic crate w ith  black polythene; B = Sm a ll incisions made on the 

top covered polythene layers; C=Stem  cuttings establishment

Transplanting: T ra n sp la n tin g  w as d o n e  tw o  w eek s  a f te r  th e  n u rse ry  p e rio d . 

Plantlets from  tu b e rs  an d  s tem  c u ttin g s  ro o te d  in so lid  m e d ia  w ere  u p ro o te d  fro m  

the nursery  w ith  m in im u m  d am ag es  to  th e  ro o t sy stem  an d  m o th e r tu b e r  w a s  

separated. R o o t sy s te m s  o f  p lan tle ts  o b ta in e d  fro m  so lid  m ed ia  n u rse r ie s  w e re  

w ashed w ith  c lea n  w a te r  to  rem o v e  san d  a n d  soil p a rtic le s  and  d ip p e d  in  a  

fungicide so lu tio n  (T h io p h a n a te -m e th y l 50%  +  5 0 0 g  / 1 SC ). A  sm all p ie c e  o f  

gauze (2” x 1 ” ) w as  w ra p p ed  o v e r th e  ro o t sy stem  o f  less ro o te d  p lan ts  to  fa c ili ta te  

nutrient ab so rp tio n  to  th e  p la n ts  a t e a r ly  s tag es . T h e y  w e re  e s ta b lish e d  in  th e  

hydropon ic  sy stem . P la n tle ts  o b ta in e d  from  th e  liq u id  n u rse ry  w e re  d ire c tly  

estab lished  in th e  h y d ro p o n ic  sy stem  w ith o u t an y  a fte rc a re  tre a tm e n ts  su ch  a s  
w ashing, tre a tin g  w ith  fu n g ic id e s  an d  g a u z e  w rap p in g .



Measurements: Shoot and root length o f transplanted plantlets were measured in 
weekly intervals. After seven weeks, number o f  leaves per plant and nodal 

distance were measured and plants were destructively sampled to record volume 
and dry weight o f shoot, root, leaves and stolon. Average leaf area was measured 
by using graph papers and dry weights o f leaves were obtained. At harvesting, 
number o f tubers per plant, tuber diameter, tuber weight and specific gravity of 

tubers were recorded.

Costs for preparing and maintaining each type o f nursery was calculated 
considering all cost components such as material cost, labour cost, maintenance 
cost etc. Income was computed by considering average seed yield and price of a 
tuber. Space requirement for nursery systems were calculated by tray sizes and 
number o f plants accommodated in each tray. Temperature and relative humidity 
was measured inside the poly tunnel throughout the experimental period.

Statistical analysis: Data were analyzed using analysis o f variance (ANOVA) 
using SAS 9.1 computer package and treatment means were separated using 

Duncan multiple range test at p< 0.05.

RESULTS AND DISCUSSION

Average relative humidity and temprature inside the poly-tunnel during 
the cropping period was 63% and 26 °C, respectively. Fairly high temperatures and 
low humidity levels were observed during the experimental period compared to 
conventional potato growing seasons.

Growth performances of nurseries

Root length o f plants in liquid nursery was significantly higher than that of 

other methods at the stage o f transplanting (Table 1). Well-developed root system 
always facilitates water and nutrient absorption. Therefore, vegetative growth was 
comparatively higher in plants obtained from liquid nursery. Plant establishment 
and growth depends on a good root system to make immediate contact with the 
potting media for successful establishment (Kularathna and Ariyarathna, 2008).

Higher root length is an advantage for the establishment in hydroponic 

systems like deep flow or nutrient film. There is no need to support the roots with



gauze to keep contact with the solution at initial stage as in other practices. There 
was no significant difference o f  the root length o f  the plants from the solid nursery 
with liquid nursery at latter stage due to quick adapting and development o f  roots 

for the new environm ent than planting o f  G 0 in sand nurseries.

Table 1. Root lengths of plants from different nurseries.

Treatment 1  wap 2  wap 4 wap 6  wap 8  wap 1 0  wap

G0 Sand nursery 11 .6 b 13.7 b 2 0 .8  b 28.9 b 35.7 b 33.5 b

SC liquid nursery 16.2a 17.0 a 28.3 a 34.3 a 42.7 a 40.3 a

SC Solid nursery 9.2 b 12.4 b 19.9 b 37.6 a 40.9 a 39.1 a

cv% 21.4 21.53 16.04 12.38 13.88 14.18

Note: CV= coefficient o f variance; Mean in each column followed by the same letters are 

not significantly different (p=0.05). wap=weeks after transplanting

As shown in Table 2, significantly high average root dry weight was 
recorded in plantlets obtained from liquid nursery (p=0.0001). Average root 
volume, stolen volum e and stolen lengths o f  plantlets obtained from liquid nursery 

were not significantly different with plantlets from conventional methods. It means 

stem cuttings rooted in liquid nursery has the sam e ability to produce good plants 
and yield. Survival rate is significantly higher in sand nursery compared to the 
stem cutting nurseries. It is due to the initial strong support by the m other tuber. 
Planting m edia and other environmental factors such as temperature and m oisture 

can have a direct effect on establishment o f  rooted stem cuttings and their growth 

(Kularathna and Ariyarathna, 2008). Plant should have good root system to m ake 
immediate contact with the potting m edia for successful establishment (Kularathna 
and Ariyarathna, 2008).

There is a significantly higher shoot length observed in plantlets obtained 
from the liquid nursery at 1st week o f  transplanting (Table 3). It clearly shows 
vigorous growth at the nursery. From first to 7th w eek after transplanting, 

significant differences o f  shoot length was observed in liquid nursery. Maximum 
shoot length o f plants in liquid nursery throughout the vegetative growth could be 
a result o f  we 11-developed, vigorous root system at nursery stage (Table 1.) Both 
solid and sand nursery m eet different root environm ent after transplanting in 

hydroponic system. Hence, such plants showed low vegetative growth at initial 
stage than plants from liquid nursery. Rem oving o f  m other tuber, washing roots to



remove the media at transplanting o f sand nursery may cause sudden nutrient loss 
to plantlets. Therefore, plants experienced a slight stress on nutrient uptake for few 

weeks (Struic and Wiresma, 1999).

Table 2. Root and stolon characteristics of plants after 7 week after transplanting and 
survival rate after 4* week.

Treatment Survival 
rate (%)

Average 
root dry 
weigh

(g)

Average
root
volume
(ml)

Average 
stolen volume 
(ml)

Average
stolen
length
(cm)

G0 Sand nursery 95 a 0.46 c 9.00 b 6.50 a 15.0 a

SC liquid nursery 90 b 1.22 a 12.52 a 6.66  a 17.0 a

SC Solid nursery 90 b 0.84 b 12.50 a 6.00  a 13.0 a

c v % 14.5 21.58 21.94 23.54 19.07

Note: CV= coefficient o f variance; Mean in each column followed by the same letters are 

not significantly different (p=0.05).

Significantly higher number of leaves and average total leaf area were 
observed in liquid nursery (Table 3). Intemodal lengths were significantly higher 
in liquid and solid nursery than in sand nursery. Higher intemodal length is a result 
of vigorous vegetative growth o f stem cuttings o f potato. It helps to develop good 
canopy architecture. High leaf area and good canopy architecture provide better 
ability for photosynthesis. Throughout the season, canopy diameters of the plants 
obtained from the liquid nursery were significantly higher. But from lweek to 10 
weeks after planting there were no significant difference o f canopy diameter 
between sand and the solid nurseries (Figure 1). Considering the growth 
performances o f  plantlets obtained from stem cuttings showed good performance 
than with using tubers. Potato plant has flexibility in organ development and 
therefore it could be utilized for alternative method of propagation (Kularathna and 
Ariyarathna, 2008). Therefore, multiplication of rooted stem cuttings in up country 
wet zone was comparatively lower than that o f the up country intermediate zone 
(Kularathna and Ariyarathna, 2008).

There was no significant difference among nursery methods in seed yield, 
number o f  tubers per plant, weight per tuber, diameter per tuber and specific 
gravity o f  tubers in the experiment (Table 4). It shows the possibility of using 
liquid nursery to produce planting materials for any hydroponic system. The non-



significance in specific gravity revealed that there was no effect o f  the higher 

amount o f  nitrogen supplied by the liquid nursery at nursery stage. Increased 

nitrogen causes marked and highly significant reduction in the dry m atter content 

of the tubers. In all cases, the lowest specific gravity was found w ith increasing 

nitrogen (240 pounds/acre). This appears to be a reflection o f  the delay in m aturity 

due to high nitrogen (Timm et al., 1960). Evaluating the growth and  yield 

performances o f  plantlets obtained from different nursery methods, it is revealed 

that the liquid nursery method can produce planting materials for m ini tuber and 

pre basic seed production. However, it is necessary to do a cost benefit analysis to 

identify its economic advantage.

Table 3. Shoot length, mean leaf number, internodal length and total leaf area of 

plants from different nurseries after transplanting.

Treatment Shoot lengths(cm) Number
n f Ipii vp /̂

Average 
Inter nodal 
length(cm)

Average 
total leaf 
area per 
plant (cm2)

1  wap 7 wap
plant

G0 Sand nursery 21.5 b 51.9b 22.5 b 3.2 b 1,729c

SC liquid nursery 27.9a 67.5 a 36.22 a 4.2 ab 5,373a

SC Solid nursery 16.0 c 52.8 b 36.5 a 4.4 a 3,805 b

cv% 16.78 16.46 2 0 .2 19.13 19.08

Note: CV= coefficient o f variance; Mean in each column followed by the same letters are 

not significantly different (p=0.05). wap= weeks after transplanting.

Costs for nurseries and space requirements

Highest total cost accounted for sand nursery and lowest w as for the 

liquid nursery (Table 5). The highest cost o f  sand nursery system was recorded 

because o f  the high cost o f  G0 seed tubers. M ini-tubers are more econom ical and 

preferred by farm ers due to its high quality. This is not sufficient to cater to the 

high demand for seed potatoes. (Nissanka, 2011)

Since the num ber o f  tubers per plant was not significant, stem  cuttings 

rooted in liquid and solid nurseries were cost effective than sand nursery . D ata 

revealed that cost benefit ratio is very high in use o f  liquid nursery. C ost reduction 

per propagule by using liquid nursery is 85% compared to sand nursery m ethod. It 

has two fold economic advantage than other tw o conventional m ethods tested .



Table 4. Yield performances of planting materials produced in different nurseries.

Treatment Number of 
tubers per plant

Mean weight 
per tuber(g)

Diameter per 
tuber (cm)

Specific
gravity

G0  Sand nursery 2 2  a 2.7 a 2.38 a 1.04 a

SC liquid nursery 24 a 2.85 a 2.5 a 1 . 0 0  a

SC Solid nursery 2 1  a 2.7 a 2.65 a 0.97 a
cv% 5.44 6.804 3.984 14.3

Note: CV= coefficient of variance; Mean in each column followed by the same letters are 
not significantly different (p=0.05).

Another benefit of using plantlets obtained from liquid nursery at 
transplanting is, no need to wash the roots to remove adhered solid particles of 
media and it reduces the root damages. Using plantlets obtained from liquid 
nursery can eliminate the costly, time consuming and labour intensive activities 
such as wrapping of gauze, and washing of roots in plantlet establishment to the 
system. Establishment and maintenance cost can be reduced by 47% by using 
liquid nurseries. Less risk of infection by different pathogens, high rate of 
multiplication and higher number of mini-tubers per unit area are reported as 
advantages of the soil-less system (hydroponic system) for mini-tuber production 
compared to mini-tuber production in the solid media such as peat (Rolot, and 
Seutin, 1999; Ostroshy, 2006).



Table 5. Different cost components to prepare nursery with 100 plants and space 
rcqirement for nurseries inside the net house.

Treatment Cost per 
propagule

(Rs.)

Income
(Rs.)

Establishment
and

maintenance 
cost (Rs.)

Cost/ 
benefit 

ratio per 
plant

P e r  p lan t 

space

re q u ire m e n t

(cm3)

Go Sand nursery 6.58 132.00 95.00 1.3 23.0

SC liquid nursery 0.97 144.00 50.00 2.8 9.2
SC Solid nursery 2.70 126.00 95.00 1.3 17.4

Greenhouse space is very much important because o f the high installation 

cost. Using- liquid nursery, it is possible to produce large num ber o f  planting 

materials in limited space, hence increases the production capacity o f  the 

greenhouse. In conventional methods, it is unable to accommodate large num ber o f 

tubers due to many difficulties in uprooting for transplanting. H igh density 

planting results in root entangles. But it does not occur in liquid nurseries. So high 

density planting can be done with the liquid nurseries, and can increase the density 

by 60% than sand nursery method.

CONCLUSIONS

Liquid nurseries are the most appropriate method to produce large num ber 

o f vigorous, high quality planting materials o f  potato at lower price in lim ited 

space. It is twofold economically advantageous than conventional m ethods and 

more advantageous in G0 mini-tuber production programmes.
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