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Introduction

Ginger and turmeric belonging to the family Zingiberaceae, are two annual spice crops contribut-
ing to the national economy of India. Ginger ( Zingiber officinale Rosc.) is one of the oldest
known spices, esteemed for its aroma, pungency and medicinal properties. It is a tropical spice
crop adapted for cultivation even in regions of subtropical climate. Being a shade loving crop
with shallow root system, it is suitable for intercropping in coconut and arecanut gardens and in
homesteads. Ginger is grown mainly as a rainfed crop in Kerala. In North Central India, it is
grown as an irrigated crop. India is the largest producer of ginger. The crop occupies the largest
area in Assam followed by Gujarat, Meghalaya, Arunachal Pradesh, Sikkim and Karnataka
(www.indianspices.com).

"I‘urmeric (Curcuma longa L.) is an ancient and sacred spice of India. The crop can be grown in
erse tropical condition from mean sea level to 1500m above MSL and is adapted to different
il types. India is the world’s largest producer of turmeric. It is a major annual spice, grown as a
infed crop in Kerala adapted to the coconut based croppmg system. The .crop occupies major

re of area in Tamil Nadu, ’Tel-e;ngnna And’hm ?ad@sh Kamg;akar and Gu_jatat
umdlansplces com)

owledge about the cu1t1Vars and hlgh yreldmg Varletws _“ﬁlantmg 'materlals avaﬂable in the
ps and method of producing " good.quality plantmg matcnals are important in the scenario of
ductlon of quality plantmg materials. 'Several tm@;tlona} C _,ulti’vars dre évaﬂable in both the
ps which differ in yield and quality attributes. Sn;mlaﬂy, high yxeidmg‘ variéties have been
ased from Central institutes and State Agricultural Universities. Both the spices are propa-
‘Vegetativly using rhizome bits. Seed rhizome bits of 15-25g weight with one or two viable
are generally used for planting. The protocols for micropropagation were also standardized
th the crops. Tissue culture derived plantlets are not used for commercial planting as time
yfor rhizome formation and to get normal size as that of conventional production is more.,
ver, microrhizomes induced in vitro could be used for production of disease free nucleus
Ng materials. Pro-tray raised bud transplants being popularized now-a-days for planting in
€ spice crops have helped to reduce seed rate considerably, suitable for mitigating the

& change and the propagules are suitable for hlgh tech’ precmon farming both under open
¥ house conditions.
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A. Production of quality planting material in ginger

1. Traditional cultivars and high yielding varieties

Several traditional cultivars of ginger are recognized in India which differ in yield and quality
ly named after the

aitributes . These cultivars growi in different ginger growing areas areé general
localities where they are grown. Some of the prominent indigenous cultivars are Maran, Himachal

, Kuruppampadi, Ernad, Wayanad and Nadia. The exotic cultivar Rio-de-Janeiro has become
highly popular in India.

Adoption of high yielding, disease free seed thizomes is of paramount importance for the success

of seed production programmes. Adoption of HYV helped to bring considerable increase in yield

and quality of the produce. Kerala Agriculiural University has released three high yielding high
( Shylaja et al.2010 and

quality ginger yarieties with high content of gingerols and zingiberene

Shylaja et al.2014) . There are eleven high yielding varieties of ginger released from various

research stations (Table-1).

Table 1. High Yielding Varieties of ginger

Vexiety Treshrmean Matity Dy Cude Oleoresin(%) ~ Bssential
yield{¢ha) (days) roovery(®@)  fbeed%) ail(%)
Tndian Institute of Spices Research, Kozhikode — 673 012, Kerala
TSR Varada 22.6 200 20.7 4.5 6.7 1.8
IISR Mahima 23.2 200 23.0 33 4.5 1.7
TISR Rejatha 22.4 200 19.0 4.0 6.3 2.4
High Alttude Research Station, Orissa University of Agricultare and Technology, Pottangi, 764 039, QOrissa
Suprabha 166 229 20.5 4.4 8.9 1.9
Suruchi 11.6 218 23.5 3.8 10.0 2.0
Suravi 17.5 225 23.5 4.0 10.2 2.1
Subhada 18.0 210 22.4 3.4 10.4 2.0
Y.S. Parmar University of Horticulture and Forestry, solan, Himachal Pradesh — 173 230
Himagiri 13.5 230 20.6 6.4 4.3 1.6
Kerala Agricultoral University, Thrissur — 680 656, Kerala
Athira 21.0 220-240 22.6 3.4 6.8 3.1
Karthika 19.0 220-240 21.6 3.7 7.2 3.2
Aswathy 23.0 220-240 19.7 3.5 7.5 33
(Jayashree et al. 2015a)

3. Planting materials

2.1 Seed rhizomes

Seed rhizomes account for about 40 per cent of total cost of production in ginger. Carefully
preserved seed rhizomes are cut into gmall pieces of 7.5.5.0 cm length weighing 15-20 g with one
or two viable buds. The seed rate varies from region to region and with the method of cultivation
adopted. In Kerala, the seed rate varies from 1500 to 1800 kg/ha. At higher altitudes the seed rate
may vary from 2000 to 2500 kg/ha. (Aiyadurai 1966; KAU, 2011 ; Jayashree et al. 2015a). Size
of planting material has direct relationship with yield (Timo 1982). The size of the seed rhizomes
varies from place to place and cultivar io cultivar. Trials with rhizome bits of different weights
namely, 15g (Kannan and Nair 1965), 20 —30 g (CSIR 1976), 15 — 19 g (Mohanty et al. 1990),

20 — 25 g (AICRPS 1992) were reported/adopted.
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Seed rhizome extraction (i.e

> .e., removal of seed planted :

ticed by local fz ' planted after establishment of

the seeﬁ rhizome fearmrS :g mf:ﬂg’ yl: m; in the Hills of Sikkim and Darjeelir?g CIIE.JiL h;S beetls e
X X : get back their investment on seed. B , . By extracting
ing seed rhizome may serve as an entry point for pathogenls (ga:h:ngo(l}lsfu;;eatg;%hﬂe detact-

2.2 Bud transplants

Detached sprouts from mother rhi
rhizomes were tried i i

. reported the use of detached s as planting material in late 70 i
¢ prouts of 4-6 cm hei . n late 70s . Nair (1977)
' rated mcher rhizome could be used as vegetable ;;gg}:;_ a;I é)liantn;tg ;n;tenal in ginger. The sepa-
-.: reen gi ’ orted t i

g ginger per plant under Ambalavayal conditions of Keralia from Slei:s;i%ie Syleldtof Hleke

prouts.

Mahesh and Karla (1998) reported the eff:
e . effect of growth regulators and mulchi

izr e onned i tﬁeslf)ir;gtiﬂlzivgbgrzgl ;ﬁgc;(s; Slf gingfer cv. SG-713, planted liflh:lt%s::ygggc‘lzﬂlwzr;g

e o n So . R ays of sowing and treated wit ,
(ctheph in) e Oflif;n?lgffh?; Prafiesh. Tl‘lere was a significant increase tlinrrltlllllghiscal?ind 'Ethrel
e o-duy ald tranSleJant 8. dhe highest YIC!d among the age treatments (1.08 k )yw oo
Sants, Highost yiolde am s and the lowest yield (0.48 kg) was recorded from 3§—d " ifgcorded
plants. Highes: yields : olng mulch treatments (0.79 kg) and Ethrel treatments (0 23;-0 Cvere
o (127 1e) was Obsels‘c’)e)éet:hyESe and the 200 ppm Ethrel treatment. The maxirﬂum kg)lc‘iw et
plox (1,27 Xg) was obsen in -day-old transplants treated with farmyard v,
ere high with FYM, 100 ppm Ethrel and from 30 dayyold tIr11 aﬂu;'e s

-day- ansplants.

The effect of plant growth regulators on th

studied in S . f3 growth and yield of ginger s .
NAA, [AA, olan, Himachal Pradesh, India, during 1597 and 1995 by Nath oo Korhe (200D
?égrl) or before transplanting II)II: Eﬁe fti(;kcile:i:cgz(lil S(gr;ugssfor 2 h only before planting ina éaggl()i

.85 and . . .5+0.5 ppm). The hi .

allest plam?('ig@ ‘C"’;‘;e“‘j“glﬂltlﬁed with NAA and 1AA at 8.510.5 pprlr%.h;]gt}\sftmllt e
ments, except IBA at 0 5+015 ¢ highest number of leaves (31.45). All growth r(g:ﬁ;tiavti o
st thizomes, (49.62 g) .and .th:%rp,hwere on a par with regard to the number of tillers. Th rh eat-
fit ratio (1:0.039) were obtai ;g gst yield (27.13 g/ha), net return (Rs. 15 333) a.nd e
avourable effect of IBA. T atned with 1 ppm IBA. Ramana et al. (2003) has al : cost ben-
. Transplants raised from seed rhizomes (about 5 g biti)s?nr{:}lljoﬁed the
e nursery

ough transplanting in gi ;
R g in ginger is not conventional, it i
ue in ginger b . . ional, it is found profitable. A i
ity plant%ng nfa;ilil;% 81pﬁle bud sprouts (about 5 g) has been standardizegirésplargmg tech-
ventional planting Syst‘;lli ;t;duf e(il cost. The yield level of ginger transplants igrgnu;;: go'(iﬁ
‘; ' . The technigue invol isi “par wi
omes in th ) ‘ ves raising transpl ;

e pro-tray and planted in the field after 30-40 %lays 'I[‘)hzn;fivf;::gzlsn ilfetlipmuthseed

‘ is technol-

re production of health i
o y planting materials and ion i i
Ntually reduced cost on seeds (Prasath et al. 2012) reduction In seed thizome quandty and

“Sel -
Select healthy ginger rhizomes for seed purpose

Treat the sele i
\ selected rhizomes with man i
and stors 1y wncd. hizome e cozeb (0.3%) and quinalphos (0.075%) for 30 min

e month before i
. planting, the ; ) .
izomes weighing 4.6 g.g seed rhizomes are cut into single buds with small piece of
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« Treat the single bud sprouts (mancozeb 0.3%) for 30 min before planting

1) with nursery medium containing partially decomposed coir

« Fill the pro-trays (98% wel
25), enriched with PGPR/Trichoderma 10g/kg of mixture

pith and vermicompost (75:
+ Plant the ginger bud sprouts in pro-trays

« Maintain the pro-trays under shade net house

+ Adopt need based irrigation with rose canc or by using suitable sprinklers

+ Seedlings will be ready within 30-40 days for transplanting

2.3 In vitro microrhizomes
duction of disease free planting materials. Among

the various factors tested for rthizome induction, only sucrose (9% or 12%) was found to signifi-
cantly influence thizome formation in coltures . Experiments involving substitution of sucrose
with other sugars and varying the volume of the culture medium indicated that the greater avail-
ability of carbon energy source rather than the osmotic effect of sucrose was responsible for
thizome formation. The highest germination rates of rhizomes upon transfer to soil resulted from
thizomes produced on medium containing 12% sucrose (Bhat et al. 1994). Maximum yield of
rhizomes has been reported under continuous light (Sharma and Singh 1995). Temperaiure was
also reported to be the most jmportant factor in determining rhizome formation during the growth
period. A 16/8 h (day/night) photoperiod, light intensity of 40% of full sunlight and air tempera-
ture of 22-30°C resulted in optimum rhizome growth and phbotosynthetic ability (Hyun et al.

1997).

Microrhizomes were successfully produced from tissne-culture derived shoots by transferring
them to lignid MS medium supplemented (per liter) with lmg BA, 2 mg calcium pantothenate,

0.2 mg GA3 and 0.05 mg NAA/ for shoot proliferation (Sharma and Singh 1995). After 4 weeks

of incubation, the medium was replaced with microrhizome induction medium, consisting of MS

salts supplemented with 8 mg BA and 75 g sucrose. Microrhizome formation started after 20 days
of incubation in stationary cultures at 25+1°C in the dark. Microrhizomes with 14 buds and each
weighing 73.8-459 mg were harvested after 50-60 days. After storage for 2 months in moist
sand at room temperature, 80 per cent of the microrhizomes sprouted, producing roots and
shoots. Another protocol perfected by Rout et al. (2001) involves shoot multiplication of ginger
by merisiem culture on a MS basal medium supplemented with 26.6 uM BA, 8.57 uM IAA, and
1111.1 pM adenine sulfate and 3% (w/v) sucrose. In vitro rhizome formation from in vitro-raised
shoots was achieved on MS medium supplemented with 4.44 uM BA, 571 uM IAA, and 3-8%
(wfv) sucrose after 8 weeks of culture. The microrhizomes sprouted in a soil mixture within 2
weeks of planting. The sprouted plantlets survived under field conditions with normal growth . In
vitro-grown rhizomes of ginger grew well, when grown on the carbonized rice husk: peat me-
dium (5:1 ratio} (Cho et al, 1997). Plant acclimatization has been reported to be successful with
laboratory hardening under 85 iE m! s light for seven days then plants were transplanted. The
percentage of established plants and sanitary conditions tended to be better in the presence of
sand only or sand in combination with other media. It is possible to obtain a multiplication rate of

70,000 plants/ rhizome/year . In vitro production of micro rhizomes in ginger was also reported

by Babu et al.( 2005) and Zheng et.al (2008), Abbas et al.( 2014) and Singh et al.( 2014).

¢ cultivars taken for the study (cvs. Mahima, Rejatha and Varada), cv.
in two trials and cv. Mahima responded more in the field condition.
{ the in vitro microrhizome was confirmed using disc culture method.
echnology developed in this study holds better promises for

In vitro microrhizomes arc¢ very useful for pro

Among the three ginge
Rejatha showed superiority
The pathogen free nature o
The microrhizome and minirhizome ¢
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large scale production of path. i in gi
o pathogen free seed rhizomes in ginger (Archana et.al (2013 a and 2013

3. Production of quality seed rhizomes

3.1 Selection of site

Ginger i i i ;
an d%icilgeﬁg; ((:)L;Itc;:sg{ctaesd Contm“((l)llljSlY in the same field due to the exhaustive nature of the cr
nct es caused by soil borne patho op
cultivat i i : gens. A gap of two year i
o icllzil i$g§It1n the same piece of land. Tt is a shade loving crop agd 22 m;yczetglﬁeg fc.)r
e ihe 1; ;t:ar glio;vth and yield (Sreckala and Jayachandran, 2002) Virgfn forer;t 20?1 ; 1}?
soil for its cultivation. It prefers medium 1 soil with hi e
oam soil with high humus and
good

.

3.2 Preparation of land

- Clear the fi i i
e ¢ field during April - May and burn the weeds, stubbles, roots etc. in situ. Prepare the land

by ploughing thr ; L
ﬂi’zlopi uIrlhgere tiz ?;nfc;nilg Etrlrcll?n:;la(t);nlgji clhggmg(.i Erepare raised beds of convenient length (across
. _ ,» 1 m width and 25 cm height wi .
beds. eight with 40
eds. Provide drainage channels after every 25 beds on flat land§ (Nybe an dcnl\}ﬁifi’:gﬂgo%est;veen

3.3 Season and method of planting
The best fi . . . N
e best time for planting ginger is during first fortnight of April, after the receipt of pre
, -IMOonscon

night of May. : I
. plinty o ;ﬁnff;‘fﬂéﬁ Plﬂntlng time in ginger so as to get moderate showers at the time of planti
rhizome bits with uring growth period and a dry period of one month prior to harv pt Ping,
‘ épacing of 25 xl 25Véab]elfllea1thy buds facing upward in small shallow pits of 4-5 cm Ziép ?:nt
s m. In general, planting depth varies with si . . at a
- 30il moi > ’ pth varies with size of plantin i i
,_'methoglztfure 1Cf)nt§nt (Kandiannan et al., 1996). The seed rate variespfrom feuinolt, tS o ty._pe, and
cultivation. In Kerala, the seed rate adopted is 1500-1800 kg/ha gion to reglon and

nger is an exh iV i v |

e X E;;lrsu ¢ crop.and requires hx'aa y manuring and mulching to obtain high yield

quirement of nitrogen (N) is the most critical among the major nutrients. For quick growin.
. g

crop - e 1 g .- .
ginger, fertilizer containing a high proportion of water-soluble P.O_ is needed for bett
hik L0, er

1d (Sushama and Jos
e, 1994). Only under high icati
eesatil] @ ig rates of K application the cro
.. healmyyglrlgi?; Osfhac.led conditions (J ayaraj, 1990). Secondary nutrients are aﬂs?)azssgzti%;lo}fm
ginger. However, deficiency of secondary nutrients is less since very lar;;

_antities of FYM and leaf mul i
ch i .
for gingel, are appllﬁd. Need based apphcatmn of micronutrients i -

ttle manu i i
dung. nel:mt;; ;:m?OSt is apphegi to I?eds and planting pits. Apply Trichoderma amended
mixture to planting pits to control soil borne pathogens (Vilasini, 1996) ;

ply FYM 30t/h PO,
a and N:P,0_:K,0 75:50:50: kg/ha/year. Full dose of P,O, and 50 per cent of

is applied as basal. Half th ' i
ntity of . the quantity of N is applied 60 days aft i ini
¥ of N and K,O is applied 120 days after planting (KAU y201§r planting. The remaining

growth of gi e
th (90_1208353?;;?11 be clailss1fled into three distinct periods: a phase of active vegetati
: er planting), a phase of slow vegetative growth (120 to 180 dais aft‘;
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planting), and a phase of senescence (180 days to harvest). The pattern of thizome development
also followed the same trend except that the development of thizome continued up to harvest
(Johnson, 1978). According to Johnson, the total uptake of N, P and K progressively increased
with advancing periods of crop growih, and the uptake by the leaf and pseudostem,progressively
increased up to 180 days after planting and decreased thereafter. However, the uptake by rhi-

zome steadily increased till harvest.

3.5 Mulching

Immediately after planting, mulch the beds thickly with green leaves @ 15 t/ha. Repeat mulching
with green leaves twice @ 7.5 t/ha, first 45-60 days and second 90-120 days after planting. Grow
green manure Crops like daincha and sunn hemp in the interspaces of beds and use them for

second mulching of ginger (Valsala et al. 1990).

3.6 After cultivation

Remove weeds by hand-weeding before each top dressing of fertilisers and mulching. Repeat
weeding according to weed growth during the fifth and sixth month after planting. Earth up the

crop after each top dressing and avoid water stagnation in the plot.

3.7 Plant protection
3.7.1 Pests

a. Shoot borer

Shoot borer (Conogethes punctiferalis ) is the most serious pest of ginger. The larvae bore inio

pseudostems and feed on internal tissues resulting in yellowing and drying of leaves of infested
pseudostems. The prescence of bore hole on the psendostem through which frass is extruded and
the withered yellow central shoot are characteristic symptoms of pest infestation. The shoot borer
could be controlied by spraying dimethoate or quinalphos at 0.05% and by mechanical control (
removing dead heart and burning). Shoot borer infestation if not controlled effectively, the plants

will succumb to the attack of soft rot and bacterial wilt pathogens.

b. Rhizome scale

Rhizome scale (Aspidiotus hartii) infests thizomes in the field at later stages of development and
also in storage. Adult scales are circular, light brown fo grey and appear as encrustations on the
thizomes. They feed on sap, attack dormant buds, thizomes become shrivelled and desiccated
affecting its germination. The pest can be controlled by treating seed material with quinalphos

0.05 % for 30 minutes vefore storage and before planting.

3,7.2 Diseases

a. Soft rot

Soft rot is the most destructive disease of ginger which results in total loss of the crop. The disease
e affected pseudostem

is soil and seed borne and is caused by Pythium Spp- The collar region of th

becomes water soaked. Rotting spreads o the rhizome resulting in soft rot. Foliar symptoms first
ds upwards followed by droop-

appear as yellowing of lower leaves. Yellowing of leaves Pprocee
ing, withering and drying of pseudostems. For control of rhizome rot. gelect sites with proper

drainage, select seed rhizomes from discase free arcas, treat seed rhizomes with 0.3 per cent
mancozeb. When incidence of rhizome rot is noted in the field, dig out the affecied plants and
drench the beds with 0.3 per cent mancozeb. Inoculation with native arbuscular mycorrhiza,
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Trichoderma sp. and Ps
. eudomonas fluo : .
methods. fluorescens at the time of planting is recommended as biocontrol

b. Bacterial wilt

Bacterial wilt caused by Ralstonia solana i
coaked Spots a . cearum is also a soil and seed i
kg e e e o 0 oy s ks S
and plants wilt, _ oss of turgidity of leaves, curli -
bandpof gree;t a{:: (l)ia\;fi::hof tt}z infected pl.ants become orange yellow altrhtrllli (r)rfalreism alfg}llns
T outation. The affocted er 31d e of the mlc_l rib. Shoots of diseased plants shmgv vantl :
trom the vascular strands Spﬁiell _Ostem a‘nd rhlgome when pressed gently extrudes a milkScu ar
trom disease froe areas al.ld election of sites \?mh proper drainage, collection of seed rh'y oo
precautions to be adopted f Sce}? treatment with streptocycline 200ppm for 30 minutes 1zom§s
the affected plant (I; or the control 'of the disease. If disease is noticed in the fi e e
plants and drench the beds with 0.2 per cent copper oxy chlori den e field, dig out

In a trial to find i
oo b lilt “zltlﬁ azlr;i:r;:;:rgz for bar;lned pesticides, soil drenching with flusilazole 2ml/l, rhi
' monas fluorescens and soil dr i ! and
thizome freatment wi i i e e
e Soben an ;fi}tll; $ancgzeb and comb.med soil application of bleagllzing go];?é{éfe(fsg J.,}fbal;d
ganic treatment -rhizome treatment and soil drenching with Pseud o~
EUAOMONAs

fluorescens 2% + cowdun
: . g slurry 2% and Bioconsorti i i
diseases viz. soft rot, rhizome rot and bacterial wili (1' gana;?)ISG)ffethe vgrinst ol three ginger

¢. Leaf spot

The incidence of .
various sizes with ‘lsl;ajfﬁssioze?tlsseté by Phyllosticta zingiberi appears as chlorotic specks. Spots of
advanced stages, leaf turns bro:::n ::113 ?ii?wn margin and yellow halo around the spot ar.e sEZnS ?n
intermittent sh  br : es up. The disease spreads through rai P
e bs owersI. The incidence is severe when grown in open condjtii I;I}Ill Sp'lashes during
; y spraying lper cent Bordeaux mixture or 0.3 per cent mancon.b ° disease can be
. zeb.

.8 Harvesting, seed preparation and storage

or Seed purposc the CTo ’ Vv 7 h h
. H P can be har eSted t ]/ ur ||y when the pse (] t
" il 2 to 8 ITlOIlthS mat i naostem
es Uff C()[[l[)ietely. Har Vestlng Sll()ll].d be done Without ].llilll illg the Seed,IhI'ZOIIleS RpeIIl
. 0Vﬂ| ()f

> S letﬁl i

ter harvest, trim off the fibrous roots att i

ect seed thizo ac‘:hed to the rhizomes, remove soil

inalphos to giieiérigiilsslected sec?d rhizomes for 30 minutes in a solutiot;]iog; E:n(::?:clll; ig

ter. Dry the treated rhizomf(:)smifmlrlauon o in cent of the former and 0.05 per cent of th
1 x 1 m ) dug under shade on ; 1ade by spreading on the floor and store the thizomes in itz

read layors of leaves of Glye a a?/er of sand or saw dust spread on the bottom. It is adviseﬁ)le

ine the stored rhizomes aty o33 p ‘-"ntaphylla (panal). Cover the pits with coconut frond

e. Provide one or two hmef:glfth&guﬁterva@ and remove the rhizomes that show signs c?f

e fungicide and insecticide before plantizf;azﬁ(s)g' (Ei% 2?16;1) thizomes once again with the

der to obtain
. o _—
es should be 5%0;’; g;rféfll)lenrallzjon, gfoper storage of seed rhizomes is essential. The seed rhi
4 unt] the o _ so that rotting, shriveling, dehydrati routi .
ot rottng , ydration and s
¢ buds fa, o Sptaiggtmg geason. Mamta.mmg a storage temperature of 22 —p r205l1?3n§1 Cljn Ee
; g and temperature higher than 28°C in the long run make the bua:iset;'e
in
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and weak. If the storage humidity is too oW, rhizome €p
affecting the sprouting speed and bud quality.

Zero energy cool chamber (ZECC), is found ide
“geed pieces” of ginger
storage period while percentage germination

ever, germination
behaviour may be due to secondary dormancy

idermis may loose water and wrinkle thus

al for storing fresh ginger. Sidies on StOrage of
showed that, the number of days 0 germination decreased with length of
[ and yield increased from O t0 42 days storage. How-
and yield were consistently lower after 35 days storage. This anomalous
during which the seed pieces Jost their dormancy

up to 21 days of storage but regained or entered into secondary dormancy at 35 days and again

1ost dormancy after 42 days (Timpo and Oduro 1977).

Ginger seed rhizomes were subjected to 15 different storage {reatments in 1994. Storage in 100-
the most effective ireat-

gauge polyethylenc bags with 3% ventilation covered with dry sand was

ment, recording the Jowest weight loss (26.9%), sprouting percentage (12.32%) and disease inci-
dence (9.07%) during storage. This method also gave the highest values for recovery of healthy
thizomes after 3 months of storage (90.92%) and sprouting when planted in the field (88.34%)
(Chandrappa et al. 1977). Rai and Hossain ( 1998) compared the three traditional methods of
storage of seed rhizomes at Sikkim and Darjecling hills and reported that storage i soil pits was

the best method for small scale growers.

3.9 Economics of seed rhizome production

The average fresh yield of thizomes from high yielding varieties is around 20 t/ha. The selected
seed rhizomes (after removing cut and damaged rhizomes) available for storage after first seed
selection will be around 17t /ha. The recovery of seed rhizomes after SLOTAge of 3-3% months will
be around 70 per cent. The quantity of seed rhizomes available after storage and second seed
selection (done after storage) will be thus 12t /ha. At the sale price of Rs.100/ kg of seed, an
amount of Rs.12,00,000/- could be expected from one hectare of seed production plot. Deduct-
ing the costs towards cultivation and storage of seed rhizomes, a net profit of Rs.5, 00, 000/-

could be expected from one hectare of seed production plot.

Practical tips on production of quality seed rhizomes in ginger

«  Select soils with high organic matter content and good drainage with a soil depth of 30cm
s the best soil. :

_and pH of 6-7. Virgin forest soil rich in humus i o

. 'Do not cultivate ‘ginger continuousty in the same piece of land,"‘zi;f gap of > years oy be
 given for cultivation. : s T

« = Adjust planting time in ginger so as to get moderate showefs at the time of plian"ting,
_ plenty of rainfall during growth period and a dry period of one month prios 1o harvest.

. Takeiraiéed beds of 25 cm height and ensure proper drainage in the field.

« Mark healthy and disease free beds in the field when the crop is six months old and still

green for collection of seed thizomes.

« Use good quality seeds free from pests and diseases and treated with a fungicide and an
insecticide.

« Use bio control agents like Trichoderma and Pseudomonas for the control of soil borne

pathogens

for use in second

.  Grow green manure crops like daincha and sun bemp in the jnter spaces

mulching
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Do clean harvestin ;
g by removing small rhi : )
completely from the plot. g thizome bits, pest and disease affected rhizomes

B. Production of quality planting material in turmeric

1. Traditional cultivars and high yielding varieties

A number of cultivars ar i ;
. ¢ available in th
locality whe: - ) e country and are kno
- shozt m;gigf;clya%elcl:lltw(fted. Cultivars can be grouped into three“l;r;slggsgg Il;y tth‘?tn ¢ of
’ ong duration. Some of th : aturity period
Sugandham e popular cultivars i

g , Amalapuram, Erode local, Salem, Alleppey Moovattuzgszgauiiléall?,kgekkurpet,

! akdong. The

improved varieties of turmeric rele
i 5 ased from ICAR-Indi : .
e saliont features are given in Tablc 2 Indian Institute of Spices Research, Kozhikode

Table 2. High yiclding turmeric varieties

Vatiety Mesnyield
Cop Dy Corcumin
. Oleoresin Fssentizl
(eshyhe)  duation(days)  recovery(%) ) ) oil (%)
. - -
ICAR-Indian Institute of Spices Research, Kozhikode

zuvama 17.4 200 20.0 4.3 13.5
uguna 29.3 190 12.0 7.3 13.5 iy
.. SHI;c;ar;rar:; 28.8 190 12.0 5.3 15:6 :E
:. i1‘[SRP:l .a 375 195 19.5 6.5 15.0 |
! athibha 39.1 188 18.5 6.2 ' o
HSRAlleppey Supreme 354 210 193 6'0 123 o
. . 4.0

3 .5 2

30.0 285 19.5 3.2 6.7 3.2
30.7 285 20.5 42 4.0 3.7
32.7 245 20.0 3.3 |

Altitude Research Station, OUAT, Pottangi, Odhisa

20.7 250 31.0 6.1 13.2 4.2
20.G 255 26.0 6.1 13.1 4.4
28.0 250 24.8 6.3 13.3 4.4
313 240 23.0 6.4 134 4.4
234 180-200 28.0 4.5-6.5 12,7 4'6

Sonia
42,0 275
18.0 8.4
. 10.0 5.0
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JCAR Research Complex for NEH Region, Shillong, Meghalaya

Mega Turmeric 1 23.0 310 16.4 6.8 - -
Kerala Agricultural University, Thrissur
Kanti 36.5 240-270 20.0 7.2 121 52
Sohba 337 240-270 19.3 7.4 15.9 4.2
Sona 37.5 240-270 18.9 7.1 18.0 4.4
Varna 334 240-270 19.1 7.9 13.9 4.6
Sardarkrushinagar Dantiwada Agricultural University, Jagudan
233 31 1.0 27

Sugandham 15.0 210

(Jayashree et al. 2015b)

2. Planting materials

2.1 Seed rhizomes

Turmeric is propagated through vegetative
denoted as ‘clump’, ‘bulb’, ‘corms’ ‘set’,
thizome and finger rhizome also known as
The fingers are primary, secondary or tertiary
tute a major share in the clump,
finger are used for propagation.
its large availability. In India,
| tricts, and finger alone is
i fingers are used separately in Tamil Nadu
zomes (Aiyadurai 1966). The highest yield w
by the primary rhizomes with 5-6 interno
‘l rhizomes produced rapid growth an
[ thizomes with 3-4 internodes di
I combined effect of half cut mother rhizome wi

highest yield (94.26 t/ha). Dhati et al. (2008) rec

were significantly superior

plant’, size of mother rhizome,
& thizome and primary finger were at

fingers, but former was a better planting material
finger. It is

material to raise the turmeric crop for higher yield .

2.1.1 Seed size

i length weighing approximately 50 to
"_ 1966). Philip (1983) reported that the highest y

; with 2 to 3 eyes, and primary rhizome of
weighing 25-34 g. Singh et al. (2000
50520 cm gave highest yield in Haryana.
minimum leaf blotch incidence caused by Co

d not differ from one another
th N:PZOS:KZO at 120-

therefore the growers should use either moth

the secondary and tertiary are less i
However, primary fingers are commo
mother thizome are used for plant

used in Cuddapah district of Andhra Pra
. Mother rhizomes are found better than

as obtained from whole mother rhizomes followed

des and the half-cut mother rhizomes. Whole mother
ary, secondary and tertiary

f growth and yield. The
60-120 kg ha'! produced the
orded that mother rhizome and primary fingers
growth characteristics, yield
duction. Although, mother
1d and size of secondary
f size of mother rhizome and primary
er rhizome or primary finger as planting

d development of plants. The prim
in terms ©

than secondary fingers in respect of plant
primary and secondary fingers pro
par in terms of plant
in terms 0

} noted that whole mo

Planting of full moth
lletotrichum capsici and maximum rhizome

ng in

growth, yie

30-40 g with a larger diame

: tuber’ in the literature) is of two types viz., m

daughter rhizome (developed from
depending on their position, prim

thizome for commercial production. Rhizome (also
other

mother rhizome).
ary finger consti-
n quantity. Both mother and
nly used for planting due to
Krishna and Guntur dis-

desh whereas both mother and
finger rhi-

Mothers split longitudinally into two halves and fingers are broken into pieces of 5 to 10 cm
100 g with one or two buds are used for planting (Aiyadurai

ields could be obtained from seed rhizome pieces
ter or mother rhizome
ther rhizomes (70-80 g) planted at

er thizome of 80-100 g resulted in
yield
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¢
: w
I —

(22 t/ha) followed b -
y half mother rhizome of 50-80
plants from 30 g, 40 g and 50 -80 g (Archana et al. 2000). It was ob
. ; ’ g of daughter rhizo . s observed that
higher yield t mes had a significantly | i
mgnts )”(Flie Sﬁggttﬁfse from S&naller daughter rhizomes in both the grzena;cg)iz: };fr):zit 113 l(ii:lnass o
‘ . mass and yield are highest in th leld experi-
zomes when ¢ n the plants grown direct] :
This study fu rt‘;}f}}";‘;‘;‘f‘ to the plants from daughter rhizomes attached to that g;’ gl?)rtllll o
vior. and sond " 1cate'd that the turmeric seed rhizome should be 30-40 th er rhlzomes.
(19_}:4) il o ﬁo-t er t;‘hmome should be free from daughter rhizomes Igaﬁzih 2 larger qlamh
ying the effect of seed size in turmeric reported that larg'e sized Elllv_va & Mishra
rhizome weigh-

ing approximately 100 g gave significantly hi i
535 0 bl of 0 8 werks g v higher yield (61 q ha) than small sized rhizomes

2.1.2 Seed rate

2.1.3 Preservation of seed rhizomes

Rhizomes for seed
with turmeris 1o :Veiuﬁisze:gerﬁggﬁlsy Stor:Id bi heaping in well ventilated rooms and covered
leaves of § ) ‘ nes can also be stored in pits with saw :
one or two Ig;ilsﬁf : L;x vomica (kanjiram). The pits are to be covered Withd\l:fsot;);:nd id e i
gs lor aeration. The rhizomes are to be dipped in quinalphos (0 0;151; z;nslfcosl \:ilth
. o) solution

.

2.2 Bud transplants

Single bud transplants in turmeri i
w2 . eric as a technique fo :
aterial with q r accelerated productio i :
ot at Tamil ;?;cillfeggifi);tl I\tfvas 1r%)o.rted by Chitra and Jansirani (2014) Anne;;egiurirtl)t, Plantlll?g
. , ural University, Coimb e was al
chnique in t e o ¥, atore to standardize th i Cre
.ngrqrhizoml:;n::glc with four different treatments. Among the various treit;?grll? mllllltlphcatlon
one bud recorded significantly the highest shoot length (25:1 ;66 treiitment
.96 cm), root

gth (12.08 cm), vi i
- , Vigorous ind :
‘other treatments. ex (2334.84) and crop establishment (88.96 %) when compared

1 Standardizati i i ‘
1zation of potting media for protray budling production of turmeric

trial was laid out to i
T standardize the potiin i
cight diffe . g media for protray budlin i i
tes. The rhrizlcl);n t;ea'tments. The finger rhizome pieces treated with %ﬁfr?eiliic;?n ;f o 0
ered with the mediil;%;;v ere th.en spread over the polythene sheet under the ;rnc;le ;‘;}f ;01‘ "
£ polythene sheet and.ke e m'edmm was itrigated with rose-can before covering it a't; o
en placed in protrays cgiltzsilqe fi; ¢ days. The thizome pieces with buds Wefi Pl':lriled 311 ;
ling one prot ntaining the medium. Approximately 1.2 kg of medium i ot
1y with roseca Iiléf.az‘(lilet ;thzome pieces were covered with respective gmedju;dlﬁgljt é‘gqslllg.d
the shade net rays were kept one above the other such that 10 , i o
. t
ys with Spmuteznfrlhfil;vered with a polythene sheet until germination. Aftrnjlry i" 13 e the
at regular intervalg angﬂgs were Placed individually inside the shade net. Wat g e
10 days of the emergonce L(I)I;ch aﬁd 1(‘0;15%) was sprayed after the emergen‘ce of efl;lrztg JZ;fS
edlings : irst leat, drenching with 19:19:19 mi '
&S aftain the transplantable stage after 30 — 35 days of si&xgtu;? r(l? s was done
izomes.
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All the treatments exhibited significant difference for the various growth parameters of the seed-
lings. Among the treatment, the treatment Cocopeat + Pseudomonas fluorescens was found to

show conspicuous effect o the sprouting percentage (95.27), stem length (25.72 cm), root length
(12.62 cm), vigorous index (2463.05) and crop establishment (95.40%). The treatment Cocopeat

was found to exhibit least performance for all the parameters except sprouting percentage (84.73)
and crop establishment (76.60%).

2.2.2 Standardization of suitable planting season for turmeric transplants

An experiment was laid out t0 standardize the suitable planting season for turmeric transplants

with seven different treatments.

Growih parameters: Among the various treatments, the treatment June 15% planting recorded

prominent plant height (116.19 cm) and number of leaves (13.13). However the treatment July
month planting registered the highest number of tillers per plant (4.60).

Pest and disease incidence: The field experiments conducied during the 2011-12 season showed
the incidence of shoot borer comparatively lower in the planting season June 15% (0.84%) fol-
lowed by July 15" (1.13%) and August 15" (1.16%). Similar trend was found with respect to
incidence of rhizome scale in the planting seasons June 15® (0.54%) and July 15% (0.86%). In the
case of rhizome rot, all the treatments with single bud derived plants found to exhibit lesser
incidence percentage than the June month planted rhizome derived plants (24.50%) and least
incidence was recorded in June 15® planting (4.60%) and July 15% planting (5 25%).

Yield parameters: The (reatment June 15® planting recorded the highest fresh rhizome weight
per plant (1.176 kg), dry rhizome weight per plant (0.242 kg), fresh rhizome yield per hectare
(47.18 1) and dry rhizome yield per hectare (9.70 ).

Economics: The treatment June 15® planting recorded the highest gross returns (Rs. 2,68,800/
ha), net returns (Rs. 1,86,750/ha) and B:C ratio (2.28:1). It was followed by Julyl5th planting.

2.2.3 Studies on the effect of rhizome size and nursery on growth and yield of turmeric

A trial to standardize the size of the planting material and to study the effect of the seedling on
growth and yield parameters was laid out with nine different treatments. Among the different
treatments, the treatment single node (5 g) planting in portray (1 month) recorded the highest
yield (67.94 kg) compared to control primary full length rhizome (25-30 g) planting directly in
the field (43.77 kg). Enhanced growth and less rhizome maturation phase were observed in bud

transplants (Table 3). Transplants from single bud recorded double the yield in turmeric (Table4).

Table 3. Growth comparison of Direct planting vs. single bud transplants in turmeric

Direct planting method Transplanting method

Growing Phase
1. Sprouting phase 20DAP Seedlings having 3-4 leaves (1 month old)

2. Vegetative phase

(i) One month after planting 6-7 leaves/plant

2-3 leaves/plant

(ii) Tillering stage 3MAP 14— 2 MAP
3. Rhizome development phase  Starts 5MAP Starts 3 MAP
4. Rhizome maturation phase 7 — 9 months 6 — 7 months
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Table 4. i i i
e 4. Comparison of direct planting vs. single bud transplants in turmeric

Characters i i
Direct planting method Transplanting method

Propagation through Whole Rhizome Rhizome single bud
e bu
Seed rate 1000 kg/ac 300 kgfac
Cost of planting material R
s. 12,000

) Rs. 3,600

Crop establishment
75 - 80%
95 -100 %

Rhizome devel
velopment Starts 5 months after planting Starts 2 months after planting

Productivity 10 - 12 tons/ac

20 - 22 tons/ac

2.3 In vitro micro rhizomes

The induction of microrhizomes in four varieties of turmeric vi
were reported b - . eric viz. Ranga, Rasmi, Rom
of fourpcultivar); NI?; a::'a(jSOfOO): Microrhizomes were produced from tissue culture dlggdsgligﬁ:
mented with 6-benzy1adeninzrr(gli them Lo Murashige and Skoog (MS) liquid medium supple-
litre) and with reduced photoperi 3 %—g mg/litre), enhanced concentration of sucrose (50—18(1)) /
(@ h) was found to be most Eff od (0- h?. BA .(3 mg/litre), sucrose (60 g/litre) and photoperiogd
meric. Microrhizomes were fi ective for induction of microrhizome in all four varicties of ¢
700 mg. Interactions of di Ff ormed at the base of the shoots r and the weight varied from 40u‘: )
effect in the induction of lme ren;]'factors such as BA, sucrosc and photoperiod had a si nificaot
formation followed by hOtlcror' izome. Con.centration of sucrose was most effective ingrhizorrrlle
-120 days of culture Th£se O'I)erlohq and BA in the medium. Microrhizomes were harvested afte
BA (0.01 mg/litre) and in moist sand at . coud b siored in MS media with low concenraion of
dependent of seasonal ﬂuﬁlclsuai?;lg .:tn aocSn; Otl(i?;ge]‘:sﬁe. Mjcrorlcllizomes were produced in vitro
lanting sea i ith roots and shoots in po i i
Vitrogcan ]Sj(z:nflsg(}lll;h d‘;:; ;hgn transferr.ed to the field. These rrﬁcrorhizomeps,ttsiflcseoll)lrc?c;llilzgfl
e continental and . ee seed rhizomes. Storage of microrhizome in vitro would facili-
intercontinental germplasm exchange programmes ould facil:

fficient — ;
st on i i i shizome prodution i tumerc was alo repored by
nithizome e -l +) an ousins et.al, (2008). In vitro mi i
i histoche rﬁ;:jlu:;l;n S11181 turmeric cultivar Alleppey supreme and its comparizfi?;h;izigfn?;acll
onse in liquid MS Iflediu“I:re.rﬁported by ArchaPa et al.(2014). The variety showed highest
fIlOlOgy developed durin thw1t 80 gl-1 sucrose in Planton culture vessels. The microrhizome
" (cridls in turmeric withi g the PI'eSGI.lt study. can be used for large scale production of planti
. | ithin a short period of time without compromising the quality and é)u:;lggg

ethod of producti ' - .
ince eXistE Only"tilr?nseoequuahty seed rhizomes in turmeric is the same as that of ginger. The
rage of seed rhizomes i rzllltc and nurient management. The high seed rate and long ;eriod
£ ginger and . I'II‘ h;)t symme'r period are the major problems faced in seed pfoduc—
en precision / high tech microrhizome technology / bud transplant technology together
d aid in production of precision farming technologies will help to overcome these prob-
n of high quality seed rhizomes of ginger and turmeric in large 53«.11-1(;
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