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INTRODUCTION

Ginger (Slnoiber officinale Roecoe) is one of the 
most Important of the s p ic e s  as well as a medicinal plant 
grown in India and other orient countries like China from 
time iEKoeoxnorlal* It is believed to be a native of Tropical 
Asia. It appears to have first reached Roma# from thoro it 
spread to France and ft eat Germany during the ninth century 
and probably reached last in England. The Spainarcb ore 
said to have introduced in. to Mexico and Jamaica about the 
sixteenth century. From Asia it spread to the West Indies# 
where it is now abundantly grown and from where it spread 
other parts of the world. At present ginger is grown In 
India, West Indies (Barbados and Jamaica)# Africa (sierra 
and Leone), Brasil# China, Japan and Indonesia.

Botanically ginger is the rhieome or the underground 
modified stem of the species Zingiber officinal Rq g c o o. It 
belongs to the family Singibaraceae • It is a herbaceous 
perennial but commercially cultivated as en annual crop.
She rhisome ie used for propagation. Tho ginger of aoFEnerca 
is the dry product of the green underground stem or rhisorae, 
which is valued as a spice and also for various medicinal 
preparations. Of Into, new uses have been found thresh 
oleoresln ginger essential oils and dehydrated powdoro etc.



Ginger is mainly used as a spice in cookery as o  
flavouring agent in • wide variety of foods* The
significance of ginger in the form of preserves end

' •
confectionaries such as candy# jelly# crystal ginger * 
toffees and ginger biscuits can not bo ignored* Xt is also 
uood in tha preparation of ginger wine# ginger boor# ginger 
carbonated water# etc* Pickled in salt it is largely used 
in Indian homes* Even the young shoots are used for pickling* 
In email quantities it is used in the cooking of vegetables, 
meet etc* The powdered dry ginger is an important eeaponent 
in curry powder* Small quantities arc used to apieo tho 
animal food*

Xn addition it is valued for its medicinal properties. 
Xt is used in the preparation of tincture ginger, gaigoal 
glngerine# digestive tablets, honey ginger, powdar ginger 
cmd dry ginger*

Dry ginger contains one to three per cent of volatile 
oil arid 50ft of starch with fibre# protein# resin# fixed oils 
etc# as its other constituents* The volatile oil imports a 
special aroma to ginger* Its pungent taste, is due to tho 
presence of a resin found disolvcd in the oil* Volatile oil 
obtained by distillation, is also used for flavouring and to 
a limited extent in perfumery*

Oleoresln of ginger is obtained by extraction with 
volatile solvents* This contains the aromatic and pungent

» 2 a



principled of ginger In a highly concentrated form which
r * ' , ' P

io In greater demande in the world markets*

In the epice trade the dry ginger io tho major item*
, _ ‘ »

She varieties are named after the place of production* Thusw ' '' : •there is Jamaican ginger# Japanese ginger end Indian ginger 
(Calicut ginger# Cochin ginger) etc* The ginger io valued

i *
for their aroaatlG and pungent principles* The colour end 
fibre content ore also Important* The odour of Indian ginger 
io aromatic# the taste is strongly aromatic and pungent*

t

India is the largest producer and' supplier of
/

commercial dry ginger in tho world* In India nocnolly about 
22# COO to 23# 000 hectares are under the ginger crop extending 
in States like Kerala# Assam# Himachal Pradesh# Ant&ra 
Pradoeh, Utter Pradesh, Tripura# Tamil tladu# MaharootTQ# 
E-3yoore# Orissa etc* and producing about 21#000 to 22*000 
ten nee of cured or dry ginger* Che third of the total 
production is exported, the rest being consumed locally for 
various purposes. Western Countries such as u,s#A,« U*s*s,R., 
Canada# u,K* and Australia import ginger from India, Aden • 
Port# Saudi Arabia end other Middle East Countries profcr

•j
Indian product.

Though India still remains os the world's lorgot 
producer end exporter of ginger to the world market# the 
export of dry ginger declined considerably oven to loos then
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50 percent of our one time peak export of 10,003 termoo 
of 1957* The Iferketing Research Corporation of India and 
other agencies like the splcea Export Promotion council 
point out various reasons for the sharp decline in cur 
export trade, as quoted below i

"Indian ginger is reported to contain rroro
fibre than ginger from certain other producing
count! sea like Jamaica end Siena toon©* Thosft
is, therefore, considerable market perforensa,
abroad for ginger from these countries* Tho
price of Indian ginger ie olao reported to bo
on the high side by about 20 - 30ft then
compared to the price of ginger produced in
other countries” • • • These probably accounts for

/ ■ 1 
the sharp decline in our export trade in thio
commodity* ^
Improvement in the quality of ginger, reduction in

the cost of production, and increase tho yield per unit
i

or© etc* ©re, therefore, necessary to ©strive the position 
in the export trade and to expond the foreign trade* Thus 
development programmes on bend are aimed at cultivation of 
varieties with loss fibre content and increasing tho per 
acre yield and outturn of dry ginger to reduce the coat of 
production. The other quality aspects such as oleorooin



I & I

content, lees during storage etc# are also of primo iejsor- 
tance#

It lias been already found that Rio^oJ&n@ito, E-teron 
and China varieties are high yielding as compared to local 
varieties# These varieties are also have higher percent of 
oleoresin content coupled with comparatively lower fibre 
content# The Rio-de-Janairo is characterised by yield 
potential and high oleoresin content# China for its low 
fibre content and Maran for its higher dry ginger production 
and toloranco to rhizome rot*

Thus Introducing these varieties in to general 
cultivation on a larger scale will be an intnediate practical 
atop to increase production* But the suitability of those 
varieties to general cultivation in new locations, ara to be 
tasted before eafearking upon a pfogranzae for large oeale 
cultivation# Introduction of crop varieties to nee locations 
calls for mOny consideration# Whenever, a crop is grown 
commercially, the factors that lead to its maximum economic 
return required to be Identified with prime considerations * 
Besides ascertaining the adaptability, the pattern of crop 
growth need to be fairly determined# Because under favoura
ble environments tho genetic potentialities are exhibited 
to a maximum extent while it recoin latent where tho 
environment is not suitable# So it is neeeosary to evaluate 
the suitable varieties possessing superior gcnotypeo and
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their exploitation under tha favourable Agrocliraafcie 
conditions because tha final yield is tho expression of 
tho interaction between genotypes and the owironraont*

■ ' , ■' *- t ‘
Moreover different varieties grown under tho deans 

climatic condition also differed markedly with respect to 
their expression of growth and consequently with tho yield 
duo to their genetic variability* This variability in growth 
and yield of plants are modified by external factors in 
covers! ways, but nutritional requirements as well ao their 
nutrient uptake are being the main* Thus the capacity of 
a Variety to utilise the optimum quantities of plant nutri
ent© especially nitrogen is of prime importance*

The importance of nitrogen for increased yield of 
ginger have been reported by various workers* Tho response . 
of ginger to nitrogen up to 21ft has been reported by the 
Department of Agriculture Jamaica (1953)• NFK trials conduct
ed by Randhawa and Kandpurl (1966) reveals that a corfbin&tion 
of 100 Kg* R* 50 Kg* P. and 50 Kg. K^Q per hectare proved 
best and produced significant increase in the height of 
plants, tiller nurfcers end yield* Even 100 Kg* H alono in 
the afcsenco of phosphorus and Potash also proved best in 
modifying the growth and yield* It le also reported that 
tho growth end yield was not very much influenced by appli
cation of P and K alcne or in combination with each other.
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Out of several advantages to foliar feeding especially 
with Urea, of which immediate availability of applied r.utrlent 
in the easily available from for development haa.bsan veil 
recognised* A© the nutrients are applied to the -point of 
utilisation# the over ©11 process of foliar ebsarptic© is 
coupled with plant metabolism within a very ©hort tiPO* The 
M g h  efficiency of utilisation off foliar applied nutrients 
like Uroa results in more economic use of fertiliscro* Xn 
several crops# foliar application off lower levels of ferti
lisers especially Urea give® hotter yields as. ea^arod to 
soil application off a higher level of fertilisers* Xn 
addition foliar application helps to avoid the savers© 
effects of soil application such as increasing soil acidity 
os well as loss due to leaching etc* Xt also improves the 
quality of the produce. But In ginger no sudh work has been 
reported so for in India or abroad*

The us© of grewth substances Ilk© X&A# XQ&# '£££& for 
improving the growth and development a© well as yield have 

- bee© reported in other crops like# Tomato# EbontU# Brlngal#
Cto»LPotato e t c b u t  no such work ho® beanAin the c &gg of ginger.

Ginger is cultivated in Orissa in districts 113 *e
Korsput# Phulbani# BaXasoro# Cuttack* The extent of cultiva-' •

tic© is limited* But tho scop© of development of ginger in 
Crisoa is much more* But unfortunately no work hovo been 
dene in the past with the improved varieties and iooreved 
techniques.
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Under the above background, a field trial wao under
taken to assess the performance of improved ginger varieties 
like China,' Maran, Rio-doWJaneiro, Thinledium and sierra

1 r  ̂ . J <
Leone with single and mixed application of Urea and Planoflx 
with the following objectives 5

(X) To determine the yield potential of different 
ginger varieties under Agro-clixr&tic and ooil 
cqnditions of Bhubaneswar*

(2) To study the interrelationship between different
organs of th© Plant and their relative ccntribu-\
tion to yield*

(3) To screen the varieties for their reoiGteaCGfr

to rhizome rot*
(4) To find cut the best suited variety for local* 

conditions•
(5) To study the compatibility of Urea and Flahofix 

on ginger for further investigation*
(6) To study the effect of Urea and Planofii; on tho 

,, growth, yield and quality including tho otorago
quality*

(7) To replace tho 2nd schedule of soil application 
of fertilisers with the treatments*



CHAPTER II
R EV IEW  O F LIT E R A T U R E



Tho Importance of ginger as © spice and medicinal 
crop is well kncwn in India sinco the ancient timo* Research 
informations on this crop is meagre end systematic research 
work was first undertaken in the country with the cocmence- 
nent of a Ginger Research Schema in 1950 at AdbaXovaynl 
(Malabar region) in the composite Madras State* Subooguectly 
research works were-started in other regions of tho c a m  try. 
Though few valuable results havo been obtained from those 
research centres under the aegis of different organisations* 
yet the volume of work done on the irprcvoroeota of the 
varieties# standardisation of ogro-techniquoo for different 
ogrp-dimstic regions are maagre* Though a few works have 
been reported on varietal trialo and response to fertilisers, 
reports on the foliar application of Urea as well ao growth 
oUfcetsnesa era lacking* Therefore# an attempt havo been 
node to review the research work so far reported in India 
and abroad# on varietal trials and on tho effect of Urea 
(tfltrogen)# and growth regulator Planofix on tho growth# 
yield end quality of ginger elcngwith other important 
crops*

REVIEW OP LITERATURE
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Importance of Varieties

■Germination t Xn their Genqplasra collection and 
Screening of ginger at the Central Plantation Crops Ffcoearch 
Institute# Kasargod (Anon# 1972) they found that maxtnu’n 
germination was rocordod in varieties Ilka tJaran (91%)#
Madia (9Q*6ft)# Jfysore (90ft)# Karakal (08*9%)# Bajpol (60%)# 
Peons (07.0ft) # E m a d  Cfcemad (86.7ft)# U.P. (66.0%)# aaong the 
31 types of ginger maintained.

Growth i Thomas and Kannan (1969) reported that 
Rio«*3s-Janeira variety was a vlgcrcus growing plant with 
bigger sised and well formed rhizome# while# Filial (2,973)
In his Gcnrploera collection and screening In Ginger at 
Central Plantation Crops Research Institute# Kaaarfpd# pointed 
out that the 31 varieties tested there# showed significant
difference in their characters such as nurbor of tlliars#

' (
height of plants and number of leaves. They also reported 
that plant height and leaf nuirfcer vers found to fco associated 
with rhlecms yield*

Yield of rhizome » Wien (1959) reported that of the 
10 ginger varieties tried at Wynad the introduction from 
West Bengal known as “Eurdwan" variety recorded tho ooxiinum 
yield of thirteen times the quantity of seed used t&ile tho 
variety from Brazil known as eRio«^e-JariciroB excelled all 
other varieties in rhizome sice# but its total yield amounted 
to sight times tho seed rate.
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Kannan and hair (1965) reported, that tho high yielding 
varieties selected for general distribution Include 
Rlc-da-tfaneiro yielding 25*000 - 30,000 rytaa end Chins yield
ing 10,000 -- 20*000 %fea«-

The results off the studios conducted at tho Agricultural 
Rohsareh station* Asfealevayel (Kerala state)* had shown athat 
considerable difference existed between various varieties of 
ginger In racpeot off quality end yield* Hic-do-Jonciro 
excelled all the other types in regard to yield* The overage 
yield off this variety worked out to be 2 to 3 times the yield 
Off Wynad local ginger and recorded tho yield-off 25,000 - 
30*000 H per hectare* while China (10*000 - 20*000 fyha) was 
the next beat in this regard* »

The results achieved by the scheme for Research on 
Ginger at Assem (as quoted by Aiyaduroi* 1963) shotod that 
Rio-de-iFanciro appeared premising in the prilirinory tests*

Aiyadurei (1966) an reviewing the Ginger Stovolopnont 
Scheme# Dadaboo (ujUnachal Pradesh) reported that tho ginger 
types Rio-d®-Janeiro and China recorded 25 to 30 percent more 
yield than the local types in their respective son© at low end 
old elevations*

Systematic work in respect off icprovanont off ginger os 
reported from (Anon, 1965) Regional Research Statlce,l&anda^hat 
(Simla Hills), situated at an elevation off about 1*500 metros
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. above sea level, that,, cut of tho varieties otudied (Rio- 
de-Janeiro, China, Eurdwan, U*P«, Wynad Mantody, ©ojpoi,
Mysore, h’ynad S&snnGBiahgali*E!, Eferalcal, EtnBd ffenjori,
'  “  ' < '- ■ ,  ,> ,  • .

Raraeapatansra, Smad Malebhar end, Thodupusha) tho production
1 * t  , m * • t  , \

capacity and resistance against pests and diseases, oopeci- 
ally eoft root fevfchlum erhanlderraatusn)« it was observed 
that nemo could out yield the local type in green gioger 
production and other characters studied,

Thomas (1966) reported that in & trial of 10 varieties
1 ’  ;

in Kerala, lUo-do-Janeiro yielded 32, £50 lbs per acto with
Dean rhisctn© weight of 11 os* as compared with variety China*

' /
Shi© variety produced 16,758 Has per aero with 9.1 oft of
< . * '  *

DOan adiizcnie weight*
1 •■ -  f

Hair (1969) reported that the experiments at Contra! 
Morticultur&l Research Station, Avfcalveyal had shewn that 
Huron and Assam type of ginger gave an equally good yield 
es that of Rio-<2o.Janeiro •

Thotnas and Koiman (1969) reported that in a fivei
year trial of 14 strains of ginger th© Brasilian typo Rlo- 
de-Janeiro was significantly superior to all other strains ' 
except China type and gave an average yield of 25,000 lbs 
per acre, The yield of Sierra Leon© type was about £4,565 lbs 
per acre*
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J-Jarulidharan (1972) reported that In his study on 
tho comparative performance of 12 varlefcioo of ginger* the 
variety Rio-deWJonoiro voo a Ignificantly superior to all 
other varieties except the variety Assam for the yield of 
green ginger# In his report he recorded tho yield of 
21*601 Kg# for Rio-da-Janeiro raarao 15*392 Kg, Thlnladlun 
11*669 Kg. end for Sierra Leone 9*776 Kg# of groan ginger 
per hectare.

Filial (1973) reported that ginger varietioo tfynad 
Kunnaraanga loro* Kynad local* Tura and China wero high yield
ing while pcechi and Utter Pradesh were low yielding#

✓

Quality a Hannan and Hair (1965) reported that the 
porcentag© ©3* recovery of dry ginger to green ginger of 
Rio-de-Janeiro was 16-18 with a fibre content of 5 »10i£ 
whereas Cult Ivor China gavo tho recovery of (dry ginger to 
green ginger) ranging from 13-15 percent only* with a low 
fibre content of 3#43 percent#

Thomas (1966) recorded a mean rhizomo weight of 11
t

os„ ratio of dry to green ginger 16*25 percent and crude 
fibre content 5*19 percent to tho variety Rio-do-Janciro# 
The next best variety China yielded a mean rhisono weight 
of 9,1 oz with 1554 of dry to green ginger and 3*43*5 fibre 
content.

The review of Myadurai (1D66) on the Scheoo for 
Research on Gingor in Wyncd, Arrbalavayal, recorded that tho 
weight of dry ginger obtained was highest in Vang ora* Ernad*



G&erra Leone, Himachal Pradesh end Karokal varie&ico wMlo, 
It was lew In China end Ria-de—Janeiro • He also reported 
that the varieties Karafcal, Burdftan, Emad and China had 
tho least fibre content and Hiisaehal Pradesh, Mysore end

1 9  '  iSajpai had th© highest fibre content*
( S - 1

Hair (1969) reported Moron as a superior variety bd
* '  * ,

1 i  <•

this variety gave a higher percentage of dry ginger to
green glngor which was quite important for the market*

\

Thomas and J&ranan (1969) recorded Rio-da-Jenoir© m  
a superior variety of ginger* According to him this variety 
gave bigger eised, well formed rhizomes, free and well sot 
fingers (Mean weight of rhisane 11*3 os and moon finger 
£.0*11*4) *

%*■

fluralidharan (1972) reported that the percentage
recovery of dry ginger from green ginger was the lotjcot in

*

Rio-do-J&neir© while the variety Tore recorded the highest 
voluo* The rnaximum yield of dry ginger per hectoro woo also 
cfcQcrved in the variety fUo-de«*Tanoiro though this woo not 
significant over the varieties Macon, Kadia and Tlagpuri*
Kq recorded th© percentage recovery of dry ginger and dry 
ginger production in Kilogram per hectare of IUQ«dc-Janeiro» 
Jteran,Thinlatiiim, Sierra Leone* Turactc. as 14*93, 32,270jr 
19*83, 3,06$# 21*03, 2,495# 19.23, 1,802 and 22.07,2,654
respectively*

8 14 I



Katarajan gt si* (1972) In their etudy on tho 
chemical ecrcpoaitioft ©£ ginger varieties and Dehydration 
Dtudioo on ginger observed- that the varieties Thinludiisa*
Jof hat and Assam were fibrous * The acetone extract 

' (decree in) of the varieties China* Rio—3c—Janeiro, Thin- 
Indium# Vengara and Maran were 5*8* 7*2* 5*9* 6*6 end 6*7 
percent respectively* They also tad tho crude fibre of 
G.OO* 7*14* 9*60* 6*68 and 6*16 percent respectively* The 
results of maturity studies were also presented* Moot of 
the constituents Hiss volatile oil* acetone extract and

t

crude fibre have been found to increase during the osura©
\

*

of maturity•

hgwis fi£ fî » (1972) studied tho various constituents 
of ginger (ccsxneroial varieties) and found that Cochin ginger

,  t

was bold* light brown* partly peeled having Lemon like 
odour and flavour* They yield volatile oil of 2*2% * non
volatile extract (s.D.C.) 4*2594* Sierra Loone ginger was 
plump#dark partly peeled from sidee having a pungent and 
slightly csmpharaeoous smell* They yield volatile oil of 
1*694 non-volatile oil (e*d«c*> extract 7*294* Jcsasiean 
variety was bold*, very light Buff colour and clearly peelod 
with delicate aroma and flavour having 1% volatile oils and

j
<5*455 Ethylene dichloride extract* Nigerian ginger woe hold, 
light colour partly peeled, fibzua and they werg vary punget.

-  15 t



eenphoraceous flavour having 2 *5ft volatile oil and 6_,§ft 
Ethylene dichlorida extract whereas, tho Japanese variety 
was dark# hold end unpeeled having Q*5ft volatile oil end,
4,6ft Ethylene dichlorida extract*

They oleo presented the analysis data^ for the 
various ginger varieties grown in India. According to them 
the variety Id c—da-Janeiro yielded 1.5ft volatile oil# 3.67
Ethylene dichloride extract and 8.34ft alcohol extract

,

respectively. mron gave 1.7ft volatile oil# 3.64ft ethylene 
dichloride extract and 4.77ft alcohol extract* variot&oa like 
China yielded 1.2ft volatile oil# 3.29ft Ethylene diahZorida 
extract and 4.74ft alchohoX extract. Thinlsdium tod 1.3ft 
volatile oil# 2*3Sft Ethylene dichlorido extract end 3.3ft 
olchciiol extract whereas# the variety sierra Lean© rooorded 
1.3ft volatile oil 2.97ft Ethylene dichlorldc extract and 
5.47ft alcohol extract. The authors also recorded the ocrposi- 
fcdoh of Rio-de-Janeiro having moisture content of 7ft#volatile 
oil 2.5ft# Acetone extract 10.3ft# Protein 11.1ft Fibre 9.1ft# 
Starch 43.4ft and Ash 9.4ft •

Jogi (1972). studied the changes is Crude fibre#
fofe and protein content of ginger at different atagco of 
maturity of some Important variables* They ohows& that the 
mcdsture and crude protein of varieties Thinladiua and sierra 
Leone decreased with the advanced maturity whereas# tho crude

1 16 I



fibre showed an increasing trend# %hila tho work dona by
r I

M$thsi and Prakash (1972) on the seasonal chsniael changes in 
culfcivars of ginger showed that the variety Rie-dk^Gnoir© 
gsvo the maximum yield of oleoresin followed by varieties 
Msnonthody end Karakkal. »o significant difference woe 
however observed between dierra leone end Maran varieties*
The studies carried on by tha workers on tho total ooh content 
of the varieties revealed that# Rio-du-Janeiro and Wynad 
Mssisithody a sepias gave the maximum amounts of 'total ash which 
uor© also the highest yielders of oleoresin* Tito China variety 
however had the lowest total ash content but tho aforesaid

i

higher yiaiders possessed the m&dmum fibre content*

Mathoi (1973) in his Quality Studies on Spiceo analysed 
20 varieties of ginger for their drymattor and oloorcoin content* 
Kq found that drym&tter varied from 11*1% in Rio-dO-Jenerio to 
% & & %  in t o a d  Cheraed* Acetone extracted oloorooin content 
tsss the highest in variety aorhafc (1 0 *1 %) followed by Thinlatiium# 
Sierre Leone (6*0%)* Rio-de-Janeiro (6*6%) end Maran- (5%)* The 
£ry matter content as reported by the author were i-fesas (16*1%)« 
Sierra Leona 21*4/5 and with Thinladium it uas 24*1&# Ea olsc 
pointed out that the yield of oleoresin v?os higher ghen alcohol 
tooo used as the solvent end tho dryraatter increased triLth the 
maturity of tho rhizome while the crude fibre ccotait decreased 

tith age*
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tfuralidharen <19?4a) in M b trilao for oalGction of 
oultcblQ varieties for the Spice industry# recanmendod R i o  
cte-Janelro, Assam# Utter Predaah# Vcngara# Wynad local 
(Pl.l), S«L* 2 a selection from ttenantody for green ginger 
production* He has further explained that the msKlo&n 
recovery (25*03) of dry ginger was noticed in tho variety 
Sura in par with Uadia and Himachal Pradesh* But those 
Varieties produced low yield of green ginger and hence the 
total dry ginger production was also low* Be pointed out 
that tha varieties Wynad local# Vongara# Hi0«kk>*?anoi3po# 
Aseem# Manantody# Kuruppompady Valuvanand# Brnad Mancheri 
went able to give more than 200 Kg* of oleoregin per hectare 
WiUch are suitable for processing Industry*

Bavappa <1974) ©tressed the importance of ginger 
Varieties having low fibre content and high oloorcoin*

Mathew *£, (1972) listed the essential oil content
and odour characteristic© of 5 commercial and 27 local varie
ties of ginger grown in India*

>

Pests and diseases t Kantian and Hair (1965) reported 
that the losses due to the attack of rhizome rot caused by 
Pvthium cphaniderroattun to the crop even ranged from 80-90 
percent in serious cases*

Hair (1969) expressed that the Variety Maran was 
comparatively tolerant to the soft rot (rhizome rot) disease



while Rio-da-Janeiro was quite susceptible to this disease*
But tho works done at the Regional Research Station, Kencfe* 
ghat under the Pun j eh Agricultural University during 1962*63 
(Anon 1965) found that none of the varieties acroenod for 
their production capacity and resistance against pooto end

t

diseases especially soft rot (Pvthium arhanlderroatum) could 
out yield the local types in green ginger production end 
suffered heavily from the xhisome rot disease in tho fields 
as well as in the storage* The varieties included wore China# 
Rio*de*Janairo# Ernad Malabar# Thodupussha etc*

Effect of fertilisers t Experiments conducted in India 
end abroad showed that the yield of ̂ rhinomatous crops like 
turmeric and ginger could be increased by the application of 
fertilisers *

Miller (1938) stated that the rhleuxne being tho region 
of food storage end the great bulk of foods which accumulate 
in plants wore classified into carbohydrates# fats and 
proteins • According to Thomas and Richardson (1959) tho colls

i
of storage tissues wore not passive reservoirs* In thid the 
various compounds of carbohydrates were formed from primary 
sugars* Curtis (1959) reported that the development of 
storage organs was greatly influenced by day length, tempera
ture end available nutrient supply*

' Blackman (1946) reported that beneficial effects of 
ooil fertilization were primarly due t© tho increase In foliar
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area and of assimilation tissue rattier than to increase in. 
efficiency of assimilation process •

Bakhuyzen (1937) Observed that during tha later phase 
of active vegetative growth# the plant rapidly accumulated 
carbohydrates end appeared to become relatively loos 
efficient In Protein than in carbohydrate eleboration# Greyer 
and, Hoagland (1943) reported that maximum rhizome formation 
occurod when carbohydrate was not required for net? tissue 
formation or maintainance of existing tissues* Tho inhibition 
of growth might be due to the lack of vigour or reduction 
of respiration* According to him tho maximum rhizome develop
ment took place when there was intermediate long days* medium 
light intensity and abundant nitrogen supply# %<hilo long days 
high temperature snd large nitrogen supply resulted in 
abundant shoot growth and poor rhizocos development * Tempera
ture# length of day and nitrogen supply significantly 
influenced rhizome top ratio* He has further stated that 
rhizome producing crops respond differently to fertilizers 
according to the soil and climatic condition,

Furewal (1957) showed that there was highly oignif leant 
and possitive correlation between plant height and plant yield 
In tuberous plants like colocosia* Ihra (1959) reported that “ 
the growth of rhizome and tuber is closely associated with 
that of shoot*



\

Ashby <1940) reported that increased doze of nitrogen 
increased the rate of leaf production in all cultivated crops 
while insufficient nitrogen reduced the yield drastically 
and also decreased the quality of plant products whereas 
excess nitrogen delayed flcwcring * Further excess supply of 
nitrogen reduced cell thickness end hence tho. plants tuero 
raor® susceptible to the attack of Insect peats and disease 
organisms.

Abraham (I960) reported that turmeric and ginger ware 
supposed to be similar in their plant food requirements as 
they belong to the same family zlnglberaceae* Zn tho fertili
zer trials conducted under the technical collaboration between 
Ksrale Agricultural Department and Potash Scheme 1957-60, 
application of 50 lbs N 50 lbs P^Og and 100 Its, ocro 
gov© the maximum yield of ginger* The original trialo conducted 
in 1959-60 at the Agricultural Research Station, Arrfcolovayal 
with N a loci a showed that tho application of n end P
either alone or in ccefelnatlon had no response* hater series 
of experiments at Arhalevayal and Thodupuzha showed that tho 
application of complete fertilizers was bettor than explica
tion of N, ^ d  1^0 separately (Anon 1954),

Zn rhizematous and tuberous crops the main conafcituant 
of which is carbohydrate, the benefit of nitrogen nnnurlng 
.is brought about by increased leaf area and consequent shoot

t 21 t
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growth. Russel (1261) reported that nitrogen woa helpful 
for rhizome development of long duration crops* But In short 
duration crops tha effect of nitrogen ie only on tho top •

Nojkn (1957) reported that the effect of 
rhizome of rhubarb was marked only In the presence of nitrogen* 
Sayed (I960) reported t h a t  the a p p l i c a t i o n  of 1G#QQQ Iba of

i

■ powdered cattle manure to supply 50 lbs of nitrogen ond the 
oeTT-Q effect of application of 10 *0 0 0 lbs of grson leaf at

i

tho time of planting and a second application of 5*003 lbs 
per acre about 45 days after planting* Saydd also rooocsnsndod 
an application of 25 lbs of h in the form of'&nsnonlm sulph
ate for maximum production of ginger and application of both 

' organic and inorganic mannures were essential*

i&nnan and Hair (1965) reported that ginger woo an 
oa&onstive crop and required heavy manuring containing 25-30 
tons as cattle manure as basal dose and fertiliser mixture 
of KFK (8s8sl6) at the rote of 450 Kg* per hectare for 
increased production* She response of ginger to nitrogen upto 
tho extent of 21 percent has been recorded by tho Dcgxu&henb

V ■
of Agriculture* Jamaica (Anon« 1953) * Grosmans (1954) reccm- 
mended a side dressing of 10i8 i7 fertiliser mixture et the 
rot© of 5 cwt per acre for higher yield of ginger* Lolmeth 
and Da eh (1964) stressed the importance of split application 
of fertilizers*
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Thofl&s (1965) found that for raising coooonia crops 
of ginger in virgin soil® in Wynad# application of tt end 
£>gOg is not necessary provided the crop woa supplied with 
10 tons of organic natter and 15,000 lbs of green loaf

.  j

nulch per acre.

R P K trials conducted at the Regional Research 
Station# Kandaghot for four years indicated that tho ©orafcina- 
tion of 100 Kg. N, 50 Kg. P end SO Kg. K por hoatoro proved 
boot and produced a significant increase in the height of 
plants# nuirber of tiller© and yield of rhisoraee of ginger 
over control (ftandhswa and Randpur*, 1969c) « The application 
of 100 Kg. nitrogen in the absence of phosphorus or potash 
increased the height of plants# mrrbcr of shoots and fhisace 
yield as cosmarcd to 50 Kg. of nitrogen# while# the growth 
or yield vae not much influenced by the application,of 
phosphorus and potash alone or in combination of both#

Aiyadurai (1966) in hie review of tho gingor develop
ment scheme# Himachal Pradesh showed tliut nitrogen fertilisa
tion of the crop with So to loo lbs nitrogen per aero had 
significantly increased the yield by 18 to 32 pozcenfc mcro 
yield but also improved the dry patter content of rhisooo. 
She influence of Nitrogen was evidenced by tho trials 
conducted by the Jamaican Department of Agriculture qd early 
in 1953 (in their trial® on 1930-51). They got about 31%
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response to nitrogen but no clear response to phosphorus 
and potash# at the other station there was no cloar response 
to any fertilizer*

Pillai (1973) found that higher levol of nitrogen 
produced significant effect on the number of leaves length 
of leaves# breadth of leves end number of tillers •

Muralidharon al (1973b) reported that application 
of nitrogen# phosphorus and potash at the rats of 70+70+140 
«3 ,/ha , increased the height of plants and yield* Sho tiller 
number steadily increased upto the above levels of nutrient

ft
application but declined when applied beyond that level*
Ihey observed (1973c) that the yield of Sio-de—Janeiro 
verlety reduced significantly with tho application of nitrogen 
beyond 50 Kg* per hectare,

Muralidheran et (1974b) revealed that 70 Hg * nitro
gen per hectare increased significantly the nuntoer of tillers 
and yield of rhizome# but the application of phoa^xjruo had 
no effect# while potash (i^O) at the rate of 140 K3# per 
hectare significantly reduced the yield of rhizome# other 
plant characters being remained unaffected* So they stated 
that the recor&;w2ndations made by liair (1969) and PeuZooe (1970) 
Via re on the higher side with respect to phosphorus and Poteoh,

Das ora did et al* (1971) stressed the feportanco of 
nitrogen at the active growth and tillering stag© A,o*# about
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a period between 120 to 135 days and a total of 200 to 210 
days from sowing* At this time the nitrogen ccnsuinpt&eii was 
high which went up to 3%(leaves)# which is normal at other 
times* They further stressed that readily aval labia form of 
nitrogen should be applied during this stags*

Effect of Ureai The volume of work don© on the soil 
application of Urea in general crops was much mono than that 
©n ginger* Hcwever# Raj an and Singh (1972) showed that though 
sawdust alone when used for soil amendment was harmful# yet 
with the application of Urea to sew dust amended soil 
resulted in a significant increased yiold in tho case of 
ginger* There were also increased growth characters such as
tillers# leaves per plant and height of plants*

\

Disadvantages of soil application of Ureqt Tho effects 
of several environmental factors on the volatalisatlco of 
ammonia from the surface application of Urea on soil were 
studied by Ernest and Massey (I960) * The reported that 
increasing temperature and/or pH markedly increased the 
ammonia volatilization under conditions of rapid drying* The 
soil became dry after 4 to 5 days of accretion and onmcnio 
volatalisatlcn was markedly decreased because hydrchyoie of 
Urea was retarded due to lack of moisture*

Braga el* (I960) on investigation with barley and 
c o m  reported that when fertiliser Urea was miasQd with the
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coil, considerable ammonia was evolved from tho soil 
atmosphere by aeration* Ammonia gae formed from Urea was 
harmful to the germination of seeds*

Cumins and Parke (1961) reported that Urea won in- 
furious to gemination of wheat end c o m  at low concentra
tions (0*10 and o*S%) * The pronounced reduction of 
gemination from Urea was probably due to tho high concen
tration of ammonium irons in the visioinity of tho cecd# 
resulting from the reaction of water with Urea during Urea

r

hydrolysis *
v i

low and Piper (1961) investigated tho effects of Urea 
on grass and other crope and concluded that the principal 
factors in Urea toxicity to seeds and seedlings' appeared to 
bo ammonia formed during ammonificaticn •

Cooke (1952) concluded that the roots of tho ooodl- 
Angs can be damaged by the ammonia produced by tho hydrolysis 
Of Urea in the soil* Court et al, (1962) agreed with the 
above findings# lower yield was obtained when Urea woo 
placed near the seeds* They also ©hewed that nitrato con 
accumulate in Urea treated soil and this nitrate oocumula- 
ticn cuased the marked phytotoxicity and reduction of plant 
yield*

. i

Isaacs and Hester (1953) reported that spray© applied 
in conjunction with normal ©pray programme of insecticides
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and fungicides havo been effective to supply nitrogen to 
tomatoes and carrots* The yield of the carrot was signlfl—* 
canfcly higher when nitrogen was applied as spray than when 
equivalent a mounts were applied aa basal dressing*

Gzaki and Crew (1954) observed in tomato end beans 
that Urea foliar spray Improved the vegetative growth by 
making the plants taller and heavier than the untreated 
plants*

ifeliar application of Uroaand it s  Itoifcatloaoj The 
rr©9t widespread disorder of growing plants is nitrogen 
deficiency which results in a remarkable reduefcionof plant 
growth* The disorders of nitrogen deficiency wcro conveniently 

' overcome by Urea spraya * (Yaraada 1962)* Gasser (1964) opined 
that Urea wag on organic nitrogoneous fertiliser readily sol
uble in water* It produced no injury to the leaves and was 
rapidly absorbed by leaf cells tlian any other nutrient lone.
It was considered as an efficient spraying material to 
supply nitrogen to the plants.

Yemada fit al. (1965b) concluded that the effect of 
Urea on cuticular permeability was based upon loosening of 
Dcrrbrane structure by changing oeter, ether and dicthcr bonds 
between n»cromoleculee of cutin* Urea penetrates the cuti- 
eulor insrribrane very rapidly and also facilitates tho 
penetration and obsorption of other materials supplied 
sinwltaneously (Yamada 1962* 1965# Hifetwer ££ o^* 1967) .
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On© of the limitations of foliar application of 
fertilisers is high concentration of the solution sprayed on 
the leaves# which too* to be carefully controlled in order to 
svoid scorching of leaves» In contract to tho comparatively 
dilute state of nutrients around plant roots# quid; evapora
tion of the aqueous phase of foliar spray lead to high 
concentrations and the consequent unusual conditions for 
nutrient absorption* Hinsvark ̂  aj. (1953) suggested that 
plants most easily affected are apparently those which had 
tha highest urease activity* Gonducivenesa towards. Urea injury 
was indicative, of rapid hydrolysis denoting rapid utilization 
and di&tingushad the plants nest readily benefited when below 
toxic concentrations were employed*

To obviate the phytotoxic effects of Urea, ©xsorstiVG- 
ly dilute solutions and also split application should be 
resorted to, for achieving good results from foliar sprays 
(Boynton 1954 and Kittoer and Teubner 1959) *

FQliar absorptj.cn of Ureai Theoretical aopoafco of 
nutrient uptake through plant leaves was studied by tSAttwer 
and Teubner (1959)# Yamada (1962)# Wittwer (1964)# Franks 
(1964, 1967), Yamsda &t &1* (1965a)# Wittwer et aft* (1967) • 
These authors have opinsd that the rate of foliar dboorption 
was influenced by the wetting capacity, tCHipcrature, rela
tive humidity# ago# nitrogen status# texture end structure of 
leaves * The wetting capacity which depended on tho contact
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angle of the fluid on tho leaf surface# varied with the 
species of plant© and for same species of plant© with the 
age of the leaves#

Fronke (1964) reported that guard coll® were favoured 
aites for foliar absorption and were equipad by more 
ectodermata which definitely functioned as pathways for 
transport of foliar absorption* Micro-auto radiographic 
studies with labelled compounds by Wittwer £&» (2967) 
also revealed that penetration of nutrient ions through 
cutieular mscbraneee was localised around stomatal pores 
and along parielinal walls*

Bullock and Benson (1982) obtained definite cvidonc© 
of nitrogen absorption# from urea sprayed onpeach loaves 
under groan house conditions* BlaSberg (1983) found that 
foliar spray of urea cm mature apple trees resulted in quick 
absorption and assimilation* thus minimising their cJcpondenca
upon the fcranalocation of absorbed nitrogen from tho roots*

\

Boynton £&£&* (2953) treated MCIntosh apple Xosvas 
With 1% Urea and noticed about 91% absorption within 24 hours* 
Volk and Matailifee (1984) recorded higher absorption of Urea 
sprayed on foliage within 24 hours by tobacco leavoo Cnd also 
noticed the marked dependence of absorption on high relative 
humidity* Absorption was higher at night than in day time*

Van Gberbeck (1986) reported that leaf ohoorbed nutri
ents were translocated through the phloem as against root



absorbed nutrients moving through xylsm*

Coin (1956) treated banana# coffee and cacao loavoa 
with 5% Urea and studied the rate of absorption of tho test 
solution. Absorption was most rapid in cacao with approxima
tely 80H absorption in two hours# whore as# coffee averaged 
approximately 5056 and banana only 20%. Young leaven of fieffeo 
absorbed much raora rapidly than did older leaves* Virtually 
complete absorption was obtained in coffee and cacao loaves 
in less than 24 hours* Lower surface of Ioovgg absorbed the ' i
solution much more faster than it was Absorbed by tho upper 
surface*

Burr sL £il* (1957) observed rapid ^sorption Of B**
Ursa sprayed on to a sugarcane plant* The tagged 11 woo quickly 
translocated to all parts of tho plant* Freiberg and Fayne 
(1037) have confirmed tho, rapid absorption of Urea by banana 
loaves* About 6536 of the applied Urea could be absorbed 
within 25 mlnlutes under humid conditions •

Penetration of C** label led Urea as intact ossloeules 
through cutlcular raeenbrancca was confirmed by paper chrcsnto- 
graphic procedures and autoradiography of chromatrogreoG.
(Yamads ££ 2l* 1965a).

Effect of urea on Growth a Cjsaki and Crew (1954) obsorvod 
elongation of tcmato and bsan plants with tho foliar application 
of Urea at 0*2 to o*5S£ concentrations* Cunningham (1957) reported 
that spray application of Urea resulted in bettor growth of
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potato plant by supplying additional nitrogen* Hao (2961) 
reported progressive increase of plant height in 3 varie
ties of rice with foliar application of Urea at 23 lfco and 
30 lbs of nitrogen per acre*

■?

Venae £t j&* (2970) stated that foliar sprays of 
1*2554 Urea improved the growth of tomato plants* Duo -end 
sahoc (1973) reported that the height of potato plant was 
significantly increased with 1*5% Urea alone as tJoll os in 
ccstbinafcion with boron# molybdenum and calcium* Tho thickness 
of the stem was significantly increased in potato plants 
with the application of 1*536 Urea as’reported by boo end 
Sahoo (1973)* These workers have also dbeesved significant 
Increase in tlie leaf number and loaf area of potato plant 
with the foliar application of Urea l«5£ alone as well as 
in ectsbinationo with boron# calcium and molybdenum* However* 
they failed to get any significant increase An the ziurber 
of main ahoots# branch number per hill and leaf thickness 
df potato plants with the application of Urea*

Rao (1961) recorded'progressive increase in oasfeear- 
ing tillers in varieties of rice duo to foliar application 
of Urea at 25 lbs and 30 lbs nitrogen per hectare*

Humphries end French (1962) obtained on increase in 
total leaf area due to tho increased production of loaves 
by Urea sprays on potato plants*

Das and Fadhi (1974) found that Urea 2^ ulonrpith 
other treatments showed increasing trend in the height of
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potato plant and thicknssc of main shoot# nunber of leaves# 
etc*

Effect of Urea on Yleldi ' Fisher and Cooke (IDS©)
found foliar application of Urea to be raoro effective in/
increasing the production of apple fruits* Mayberry (2952) 
obtained significantly increased yield of field tomato by 
£cxir foliage application of 0*6% solution of Urea*

Mehrotra (1969) reported increased yiolds off
potato by foliar application of Urea in two split dressings 
at sowing and again at the stage of active tuber formation* 
Venae# £& (1970) reported that foliar sprays of 1*25%j $•
Urea improved the yield of Marglobe tomatoes as compared to 
control* Mehrotra et» al. (1970) observed that foliar oprays 
of tJrea at the appropriate time increased the yields by 
20-So% in cabbage* cauliflower did pea* Das and Sohco (1973) 
reported significant increase in the yield of potato with 
foliar application of 1 *5% Urea * They also reported that 
Urea applied alone as well os In combinations with boron# 
molybdenum and calcium yielded largo proportion of large end 
medium sized tubers*

Das end Padhi (1974) observed that Urea 2% and its 
combinations with other chemicals and planofis increased 
the yield of potato plants* It also improved the grade of 
tubers l*e.# percentage of largo and medium sized feUbars 
were increased due to tho treatments*
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Effect off Urea on Qualityi Das and Sahco (1973) 
Observed significant increase in starch and ascorbic acid 
content off potato tubers with the application off 1*5?S Urea* 
They also reported that the moisture content off potato 
tubers increased significantly with the application Off 
Urea# while the specific gravity off potato did not. increase 
significantly* Application off 1*5% Urea had no significant 
influence in reducing the rot percent off tubers in the 
storage under laboratory condition as reported by Das and 
sahoo (1973).

skvortosov and ShrinJLna (1971) reported increase In 
starch content off potato and sugar content off fodder beet 
with the spray off Urea* Varna al * (197Q)stafced that foliar 
application off 1*25% Urea increased the sugar content nitrogen 
and vitamin C in Margloba tomatoes •

Das and Padhi (1974) found on apparent increase in the 
specific gravity off potato tubers with Ursa 2% and its cortibi- 
nations with Planofix 250 ppm (0*25 ml/1) alongwlth Other 
treatments* There was significant increase off Starch and 
Ascorbic acid content off tubers* They also reported increased 
moisture content off tubers and a reduced rottoga due to the 
treatments,*

Effect off Planofix on Growth i Singh and Upadhyay
(1967) found that HAA when applied under field conditions
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significantly increased tho height and diameter o£ nnin 
shoot upto an application of 15 pptn# with a decrease at 
higher concentrations (30 and So ppm)» They found that 
foliar application of n a a was more effective in increasing 
the nuo&er of leaves per plant and the highest number of 
leaves were produced with 30 ppm* Higher concentration of
HAA especially when applied through foliage delayed flower-

Ving* The concentration of 50 ppm had an adverse effect cn 
all characters studied*

Das and Sahco (1973) reported that Planoflx et 
2000 ppm (2 cc/L) concentration had no significant offcct in 
increasing the height of potato plant* They also reported 
that such high concentration of the chemical had no oignifl- 
cant effect in increasing the stem thickness# number of 
msinshoots# branches per hill# raiidber of loaves por hill as 
well as the leaf area and leaf thickness of potato plant*

Das end Padhi (2974) concluded that the foliar 
application of Urea# calcium# borcn# molybdenum and Planoflx 
and with most of their combi nations had significant effect 
on the growth of Potato* The height va© increased by 2%
Urea combination of Urea with Planoflx of 250 P£*a (0*25 cc/X) 
closely followed by Planoflx 250 ppm* combination of Planoflx 
with boron# combination of Planoflx with boron and molybdenum 
at successive stages of growth* Almost the same trend has been
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recorded in the thiknese off the cfcem (tiainshoot) * Urea 2% 
and Its combination with 2Bo ppm Planofiite apparently increased 
the branch number per hill* The number off leave© per hill 
also behaved just like tho plant height* Tha obcyo treatments 
also increased the loaf area off potato plant*

Effect off Planofflae on Yioldi Das end Sahoo (1973) 
had found that Planofix at 1000 ppm concentration had no 
significant effect in increasing the yield off potato tubers« 
They else observed that this chemical at much a concentration 
did not measurably affect the production off Grade I end XX 
sized tubers and further concluded that the effacto v o s & not 
visible probably due to unsuitable concentrations*

Das and Padhi (1974) stated that 2% Urea# eectoinatian 
of Urea with Planofix at 250 ppm closely. followed by Planofix 
250 ppm combination off Planofix with boron# ccc&inatlon off 
Planofix with boron and molybdenum had increased tho yield . 
significantly in the order off merit* Urea at 2% and its 
corfiblnations produced higher percentage off large and tasdiura 
oisad tubers*

Eff̂ ecfc pff Planofix on Qiality 8 Das and Sahoo (1973) 
Stated that no significant effect off Planofix at 1000 ppm 
t?as recorded in increasing the specific gravity off potato# 
Starch content end ascorbic acid* They had also found no

t

significant effect off this chemical on the moisture content 
off potato*



Das and Padhi (1974) agreed with tho finding of Das 
and Sahco (2973) in the specific gravity of tubers* Cut they 
got an apparent increase of specific gravity with 2% Urea 
and combination of Urea with 250 ppm of Planoflx over control*
They found Urea 236# combination of Urea with Planoflx 250

*
pFta alongwith other treatments increased the ascorbic acid 
content of tubers* The moisture content of tuber also 
measured almost in the came trend* They reported that the 
rotting of tho tubers were significantly reduced with 2%
Urea# cocbination of Urea with Planoflx 250 ppm in tho order 
of merit as compared to the control*



CHAPTER III

M A T E R IA LS  A N D  M ET H O D S



MATERIALS AKD METHODS

A field trial was conducted during 1974-75 with an 
object to find out the differential response of five gingor 
varieties to the foliar applied Urea and Planoflx with 
respect to their growth, yield end quality#

X * Experimental Site

Tha experiment was carried out in Plot Mo* 27(B) of 
tho Horticultural Research Station of toe Orissa University 
of Agriculture and Technology# Bhubaneswar, Orissa* The

i
topography of toe site was fairly level and uniform With 
good drainage conditions •

Soil i The soil type of the experimental plot was 
sandy loam* Tho mechanical and chemical composition of tho 
soil as determined from the composite sample, collected 
before the laying cut of toe field from a dspth op of 23 
cms have been presented in Teblo - 1,
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TABLE I* MECHANICAL AMD CHEMICAL COMPOSITION OP THE 
SURFACE SOIL (15 eras)
(a) Mechanical composition

Constituent Percentage

Sand 75*60
Silt 12.90
Clay 11*50

Textural Class - Sandy loam

(h) Chemical Composition ■

Particulars Quantity

Total Nitrogen 0.05954(1322 *78&/
Available Phesphoy us 30*60 Kg*/ha*
Available Potash 64*00 Kg«/ha*
Organic Carbon 0.50 %
m 6*4
CrtJ ratio 9*99 * 1

The chemical analysis revealed that too nitrogen 
and phosphor: us status of tha field was medium and toe 
potash content wao low* The PH of the soil was G*4 * The 
organic carbon of the soil was 0.5854 whieh was a medium 
value*
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The various standard methods adopted for mechanical 
end chemical analysis of soil are given below i

(a) Mechanical Analysis i Bovyouoos hydrometer
method*

Oa) Chemical Analysis»
(1) Soil reactioni soil reaction of air dry soil 

was determined by electrometric method with the help of 
Bacfcman'a Pi! meter* with a soil water ratio of X»2*5 as 
described by Piper (1950) •

(2) Organic Carbont Halkley and Black's nothod 
was followed for estimating tho organic carbon content*

(3) Total nitrogen t Total nitrogen was deter
mined by modified Kjeldahl digestion and distillation 
method and expressed in percentage and Kilogram per hectare 
os oven dry basis*

(4) CiM ratio: The Carbon and nitrogen 
percentage of the soil was used to find out the C*N ratio*

■ (5) Available Phosphorus: Available Itoaaphorue
in the soil was determined by Bray's method# using Bray's 
strong reagent ae extractant and developing tho moiybde- 
phosphoric blue colour whose ’ intensity was measured by 
Ffoofco-elecfcrie Colorimeter*

(6) Available Potash a Available Potash in tho 
Soil was determined by using Ammonium acetate go czstrccfeant 
and estimating the Potash by tho Flame Photometer*
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Climate and Weather Conditions i Tha Horticultural 
, Research station is situated about 64 km West of Cay of 
Bengal and too miles away from Bhubaneswar town at on 
elevation of 25*5 meters above the mean see levol* 
Geographically, It is situated at 20° 15* North latitude 
and 85° 52* Bast longitude*

The mean annual precipitation is 1517 tun* of which 
1128 cm ie received from June to September and 309 mm from 
October to May* The mean maximum temperature varies from 
S6»3°c to 39*2°e during the hottest month of m y *  The mean 
minimum temperature ranges between ll*9°c to 18°c during 
the coldest month of December* The relative humidity varies 
from 86*554 in the month of August to 6554 in the month of 
December*

The monthly meteorological data relating to crcp 
season from June 1974 to February 1975 recorded at tho 
lieieoro logical observatory of the Orissa University of 
Agriculture and Technology, Bhubaneswar, together with the 
corresponding overage figures calculated over loot 10 years 
©ltd toe deviations from normal therefrom* are presented in 
Table 2*
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JUW 105.7 119.? -66.4 16 16 0 35.2 36.2 ♦1 26.6 26.4 -0.2 5.6 7.1 +1.5 73.5 69.5 -4 .0

July 360.5 231.5 -129.0 23 19 -1 31.2 32.7 +1.5 25.6 25.6 0 4.5 4.8 +0.3 06.5 81.0 -4.5

336.7 374,9 +08.1 23 10 -0 31.1 32.6 +1.5 35.B 26.0 +0.5 4.9 6.5 +1.6 86.0 S1.0 -5.0
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■aaa 157.3 133.0 -24.2 11.3 10.4 -0 .9 30.6 31.1 +0.47 21.41 21.30 -0.02 7.30 7.68 +0.30 75.5 73.1 2.4



TABLE 3. CROPPING HISTORY OP THE EXPERIMENTAL FIELD
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Year Crops grown

1969 cauliflower
1970 Fallow
1971 Erinjal
1972 Beane
1973 Sponge gourd

During 1974 June tho Ginger experiment woo laid
out*

XI* Experimental Detail©

The experiment was designed to study tho effect of 
Urea and Planoflx as foliar application* on the grotto* 
yield and quality of five ginger varieties, end tho details 
of the experimental technique followed are given below 9

Dftflion and Layout« The experiment vsa carried out 
in a split plot design* The varieties were assigned to main 
plots* whereas the Urea and PlanOfix combinations were 
assigned to sufc-plotc • Both main plot and sub-plot treatments 
were allotted with the help of random misbers* Tho plan of 
layout is given in figure (l),
Details of Treatments

(a) Main plot treatments - 5 varieties
1) China
2 ) Karan
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3) Rio-de-Oaoe A eg
4 ) T h in la d i u m

5) Sierra Leone

(b) stibtplofc treatments - Urea and Planoflx

* « y y  ** WatQr “ control
T g t u ^ )  - Urea 254 spray

T3 <Uo V  ** Plenofix 0 .2  ml/litro of water
<A*e* 200 ppm) spray

T4^U1P1> “ Urea 2S4 + Planoflx 200 ppsn spray

Vfifl* - Planoflx 0.4 ml/Hfcre of water
(i*e. 400 ppm) spray 

■ TgCU^Pg) - Urea 2% -J* Planoflx 400 ppm spray

Ogfoor Detailsi
Lumber of replications •* 3
Number of main plot treatments *» 5
Number of sub-plot treatments 6

Number of treatment corrfclnatlons 30
Total number of plots • • 90

SlgQ and Area of the Flofci
Gross Sub-plot »« 1 *Sm x Ira * 1.5 Sq.m.
Net Sub-plot »• 0.25 Sq.m*
Total experimental area ..373 .06 Sq.m.

I.e. 0.027306 hectare
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' SBSS24Efl«
Now to Now t *« 25 <33*
Plant to Plant *• 20 Cm.

A Brief Description of tho Varieties s>
The Ginger Varieties, Cfclna# Haran, PdLo-do-JmclzQ 

Thinladlum and Sierra Leone were selected to study their, 
performance - under the Influence of tho various sub-plot 
treatments,

China
\

An exotic type from China* Fairly high yielcior# with
i

moderate growth performance* Tho rhizome of this variety 
has attractive six® and colour*

KOrsn
An indigenous type of ginger# gives good yield os 

Rio-de-Janeiro end gives a higher percentage of dry ginger* 
Have impressive growth characters such as height# tiller 
ntarbers, leaf numbers, thichness etc*

t

Rio-da-Janeiro
An exotic type from Brasil* Gives high yioldo rang

ing from 17#000 to 24,000 Kg* of green ginger per hectare* 
Violds up to 30,000 Kg* have been obtained from this Variety
in certain areas* But the percentage of dry ginger io low*' !
Have high oleoresln content*
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Thinladiim
An Indigenous type* Good Vielder* Good growth 

characters* such as height# leafnumfeora# tiller nufnhess# 
thickness etc.
Sierra Leono

An exotic type from Sierra he one Island (Africa) 
having good yield and growth characters. Attractive: s3dn 
characters•
Petal la of Sub-Plot ffreatmentst

« W  " Distilled water was applied as foliar
spray uniformly over the plants (control 
plots)

(Uji " Urea was QPPii ^  os foliar spray in the 
form of synthetic commercial Uroa at 2ft% 

concentration*
T3^uoPl> " Planofix (a growth substance) waa applied 

ea foliar spray at a concentration of 0*2 
ml in 1 litre of water i*e* 200 ppm 
concentration*

®4*U1P1* "* application of Urea and Planofix were
made through foliar spray in tho above 
mentioned form and concentration*
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" Planofix was applied as foliar ©pray at 
a concentration of o »4 ml in 1 litre of 
water i.e. 400 ppm concentration*

Tg(U-jPj ) - Mixed application of Urea and Planofix
were made through foliar spray at Tg and 
Tg levels# respectively*

(Teepol 0 *0 1# was added to the spray 
material as a sticking agent)*

Satai Its of cultural Operations
(±) Preparatory Cultivation t Tho field wac thoroughly 

ploughed for five times followed by planking after each 
ploughing during tho first week of Juno 1974*

(li) Layouts After thorough preparation of tho field 
incorporating the basal dose of Farm yard mannures# tho 
experiment was laid out on 15th June 1974* Beds of else 
1*5 ra length* 1  tn wide and 25 an height were propared to 
accomodate the sub-plot treatments* Six of such plots , 
constitute one major treatment plot* The spacing of 30 cm*
40 cm end 60 an were given between the sub-plots* major 
plots and blocks respectively * A total of three blocks 
accomodating three replications os indicated before were 
laidout * Adequate facilities for irrigation end drainage were 
also provided*
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(ill) Planting material, and their planting* Ginger 
rhizomes were ueed for planting* Healthy best rhizomes free 
from pests and diseases were selected* The fhizoctse wore 
then cut into bits of 15 gn weight (l*sB also) each bit 
haring one or two viable# healthy buds* Tho bits of oocd 
rhizomes were soaked for 30 minutes in ° *2554 Cores an wot 
solution and spread under tho shad® to drain tho water and 
for air drying*

The treated rhizomes were used for planting which was 
completed on 16th June 1974* Small pits were mode at a 
spacing of 25 cm at 20 cm at a depth of 5 cm and rhiscmas 
were planted in the pits with the bud facing upward and 
covered with soil*

(iv) Mulching» Immediately after planting# tho beds 
wore mulched thickly with green leaves at a rate of 13#000 Kg* 
per hectare* Repeated mulching twice at a rate of 7#500 Kg* 
per hectare first alongwlth first earthing up and cocond 
just before the spraying of sub-plot treatments woro made*

<v) ^pl£c^tipn_q£jn^^^ foWCSL8 «3ll
dacotnpoaed farm yard manure was applied to the s o n  at the 
rate of 25 tonnes per hectare# before tho preparation of 
the beds endowed thoroughly with the soil*

■ Nitrogen was applied at the rate of 50 Kg* par hectare 
in the- form of Calcium Anmonium Nitrate * Phosphorus was
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applied at the rate of 60 Kg* per hectare in tho form of 
Single Super Phosphate end Potash at the rate of 120 Kg* 
per hectare In the form of Muriate of Potash was also 
applied.

She Phosphorus and Potash were applied at tho 42nd 
day after planting whereas, nitrogen wasepplied on tho 
72nd day after planting* The manures and fertilisero were 
applied equally to all the treatments •

(vi) Interculturoi First weeding was given on 14th
July 1974 i*e* on© month after planting* Second wooding 
was done alongwith the second earthing up and application 
of Nitrogen* The third and fourth weeding© war© don© on 
find October end 3rd December 1974 respectively*

First earthing up was done elongwith the application 
of Efcosphorus and Potash* The second earthing up wo© done 
olongwith the application of Nitrogen*

Cvii) Application of Subplot.. treatments» Tho spray
ing operation of different treatments ©g per the treatment 
GChedul© wao carried out on 18th October 1974, l*c* cn 
125th day of planting* Only one single spraying with these 
nutrients was given as per the schedule.

r
(viii) Irrigation t in the initial stages of growth 

one flood irrigation was given* After the growth has been 
advanced the crop was irrigated at en interval of 1 0  days*

v

The irrigation was stopped 20 days before harvesting*
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(ix) Plant Protection msagsarea a Aldrin (554) duct was 
applied to tho soil at the rate of 50 kg* per hectare* to 
prevent the attack of whit© ants* Chesbnut compound t» 3

i  j

applied to the base of the plants against the suspected 
rhizome rot bn 3 lot August and 1st Sept carter. 1974* A 
second application of cheshnut compound was carried out 
during tho 3rd week of November when a fresh rhizome rot was 
noticed*

(x) Harvestingi The crop was harvested an 17th 
February 1975, i*e* on toe 247th days after planting* At 
this stage most of toe pseudostems had drledup* The observa
tion plants-were lifted.individually for further studios and 
then the rest of toe plants were harvested for recording toe 
final harvest*

111» Experimental Observations

Sampling Technique a The entire population was 
considered for recording the germination percentage and the 
toisome rot infection* Random sampling technique wan adopted 
to select the sample plants for studying the various growth 
characters such ee plant height* thickness of the main 
pssudostom, number of tillers per clump, number of leaves 
per clump etc* Five plants were ©elected at random aa 
observation plants using Fisher’s Random number, ̂ for record
ing the different biometric observations at monthly intervals*
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The boarder row of each plot was eliminated while solccting 
the observation plants* Pre-harvest observations started 
exactly 30 days after planting, and continued upto days 
of planting* After this period no more growth cbsorvations 
wore taken# since the drying up of the above ground parte 
hod already started*

Pre-harvest studies
j

(1) Germination e The nuidber of plants garsitoated 
out of the 24 rhisorae bits planted in the individual sub
plots were recorded to work out the germination percentage *

(ii) Heldht of the planti Tho height of tho main 
pseudoetem of the selected five observation plants from 
each net plot was recorded by means of meter scale and was 
expressed in centimeters* Measurement was taken from the- 
base of tho main pseudostem up to the tip of the topmost 
leaf*

(ill) Thickness of the Main B3eudoatemi Tho thickness
I

was measured at the bos© of the pseudostccn at a particular 
place i«e* at the base of the first leaf and expressed to 
Centimeters*

<iv) Nunfcer o£ tillers per clumpi The number of tillers 
t»rs determined by counting tho number of poeudooterno that 
had come from each clump at each observation*.
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(v) Bunber of leaves per clump* Tho number of 
leaves per clump was determined by counting the nunber of 
loaves of all the tillers of each clump*

toD Leaf Area? The leaf ares of tho 5th loaf from 
top of the main pseudostem was taken* The area was estimated 
by sketching the leaf lets in the eentiraejrfter graph paper# 
and expressed in square centimeters* The leaf aroa wos 
calculated only at the final growth stage of tho plant*

(vli) Incidence of disease attack i The Incidence of 
rhizome rot caused by Pythiura Sp* was recorded# two times 
during the growth period* They were categorised 03 Incidence 
of rhizome rot at (1) Early stage of rhizome development
(2) advanced stage of rhizome development and (3) total 
rhizome rot -infection* The percentages of these infections 
were worked out noting the number of plants infected# out 
of the total number of plant population in each plot*

(vlll) Compatibility o£ Urea and Plenoflx on Ginger« 
The possible scorching or pumlng symptoms due to tho 
application of tho chemical was observed for a wed: from 
the date of spraying of the chemicals*

Post harvest Study

(i) Yield of Shjgonoa Tho yield of rhizome wore token 
under three heads*
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(a) individual olant yield» The individual plant 
yield was recorded by taking the average weight of shisome 
obtained from the five observation plants and exprocsod in 
gram*

(b) Plot viola? The plot yield was recorded by 
taking the weight o£ the entire rhizome harvested from the 
observations plants and expressed in grams*

(c) Hectare yield a The hectare yield vjgq- obtained
I

by convening tho plot yield into hectare bools and expressed 
in quintals.

(li) Specific gravitya Specific gravity of fresh 
rhizome was calculated by determining their weight and volume* 
ICO gm of fresh rhizome was used* Tho specific gravity was 
calculated by means of the formula

Specific aravitv * Pff.apecinc gravity • volume of rhlccoe
< i*o. weight of equal volume of 
water).

(iii) Drv ginger production!
(a) Percentage of Dry ginger recovozwa ICO gras

of fresh rhizome .was dried in the sun to got a cccotont
weight and the final weight wae expressed in percentage •

(b) Drv clncer production per Hectares The dry 
ginger production per hectare was calculated using the



percentage of dry ginger production multiplied by the ' 
hectare yield off green rhizome and the yield of dry rhizome 
was expressed in quintals*

(iv) Incidence of scale insect attack t Tho incidence 
of seal© insect attack was noted in the fresh xhiscooo at

rthe time of harvest and expressed in percentage*

Storage Quality of Miisome
* k

300 gms of fresh rhizomes were stored in earthorn 
pot® lined with moist sand at the bottom and covered with 
another thick layer of moist sand* The weight loss, damage 
during storage (included'dred and rotted rhisomea) and th© 
volume loss during the three month storage were recorded* 
The percentages of the above Characters ware worked out*

(a) Woicht loss during storage > The weight loos of 
the stored rhizome was measured end expressed in porccntaga*

(b) Volume loss during storage a Tho volume loco of 
tha stored rhizome was measured and expressed in percentage*

(c) Damage during storage a The damage caused during 
the storage was worked out motlng the weight of dsnagod 
rhizome over the fresh weight of rhizome and expressed in 
percentage * .

Chemical Analysis

1 0 O grr® of the fresh rhizome was chopped to a thick* 
ness of about l/8th inch* Tho chopped samples ucro dried to

t 53 *
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a Constant weight at 55 + 2°c in Cross Flow air even for 
18 hours* The dried samples were ground to pass, through 
meeh Ko* 60 and stored in gloss stoppered bottles and used 
for chemical Analysis*

(ij Oleoresin Content! Oleoresin content in ginger 
was determined by adopting the official analytical methods 
of the American spieco Trade Association using 1005$ Acetone 
as solvent# in cold# using specially designed glass column* .

Procedure» 10 giro of the ground sample was transferee) 
to the specially designed columns* the outlet of which was 
plugged with cotton* 25 ml of 100% Acetone was added and 
allowed to mix well with the sample and was allowed to stand 
for about 16 hours (overnight) * The drippings through the
cotton plugg was collected into a flat bo^ttomed evaporating/

dish,* Extration was continued until the solvent around the 
samples became clear (Two more extractions) • The solvent was 
allowed to evaporate under tho fan to get some tJmt thick 
end viecur oleoresin* The percentage of oleoresin on dry 
weight basis was then calculated#

(11) Oleoresin Production per hectares Tho percentage 
of oleoresin cn dry weight basis woe calculated as per the 
above procedure* The olecceain production per hectare was 
calculated using the- dry ginger production per hectare and the 
percentage recovery of oleoresin and expressed in Kilograms*



(ill) crude fibre 8 The crude fibre was estimated'
using the defatted ginger pcsSsr left after the attraction

/

of oleoresln* TIkd composite samples were taken for analysis*
SOr crude fibre analysis also the officio! Analytical

t

methods of the American Spice Trade Association was folic*?ad*

Procedure a (1) Extracted 2 gne- of sample with mot&yler.Q 
chloride* Transferod the residue together with 0*5 gm of 
asbestos to the digestion flash (2) Added 200 ml 0*255 ft

i

ftgSOg solution and connected the digestion flash to the 
condenser and placed in a preheated hot plate so that the 
acid will boil within 5 minutes* Continued the boiling for 
28 minutes with frequent rotation of the flask to ensure 
thorough wotting and mixing of tho sample* (3) After boiling 
exactly for 28 minutes the contents were filtered through 
filter cloth* Washed the residue with boiling water until

j
the washings were acid free* (4) Transferee! the sample and as
bestos quantitatively to the digestion flask washing the fil
ter cloth with 2oo ml of 0*312 ft ftaoH* (5) Connected the 
flask to the condenser and heated to boil within 5 minutes and 

• continued boiling for exactly 28 minutes* (a) After 28 minutes 
removed the flask and immediately filtered through goceh 
crucible (7) washed the residue thoroughly wild) boiling water 
and then with 15 ml of ethyl alchchol* (8) Pried the crucibles 
and contents at 1 1 0 ° + 2°c to a constant weight (for one hour) •

t 55 ft



Cooled Icmodlately in a desicator and weighed# (9> Ignited 
tho crucibles end contents in on electric muffle furnace at 
600°c for 20 minutes# Cooled in a desicator end weighed* 
Determined the loss in weight on ignition • The crude fibre 
was calculated in percentage on dry weight basis by uding 
the formula

loss in weight on Ignition 
Crude fibre % <* . ... . . .  . - .. —  2£ jqq

'' weight of original sample

Statistical analysis of Data

All "the bicsnetriG and other observations detained from 
tha experiment were arranged in appropriate tables to obtain 
fchesum of squares due to different sources of variation# The 
data were analysed statistically • The standard errors and 
critical differences were calculated to compare the'moans of 
the various treatments and interactions to find out tho best 
one#

Correlation studies

correlation coefficient between yield and growth 
characters such as height of the plant# thickness of 
pseudesteni, nuntoer of tillers# mrrfcer of loaves and leaf area 
were calculated using the standard statistical formula# Tho 
correlation coefficient between oleoresin percentage and crude 

'*c percentage was also worked out-

4- 56 *



CHAPTER IV
E X P E R I M E N T A L  F IN D IN G S



EiCPERIMEtTAL EXKDIKGS

During the course of this investigation# observations 
on various plant characters including germination wore 
recorded to assess the performance of ginger varieties*China, 
Sfettan* Rio-de—Janeiro# Thinladium and Sierra Iccmo and also 
to assess the effect of Urea and Planoflx on the growth# 
yield and quality of the above five varieties of ginger*
The findings of this experiment ore presented in tble 
Chapter and dealth under various heads • The data oro presented 
in the respective table© with the relevant £*E* (m) ond 
C*B* (0*o5?j) values* Th© table for analysis of variance for 
different characters are presented In the Appendix* Shoe© 
values are in percentages the corresponding Angular transfor
med values have been used for analysis to increase tho 
efficiency of tho analysis*

Prerfiarvest Studies

(1 ) study on germination of ginger - The percentage 
of germination is recorded in the Table - 4 and tho data 
hav® been statistically analysed*
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•CABLE 4. GERMXKATICN PERCENTAGE OF VARIOUS, VARIETIES OF
Q z m m

Sisb**Plots V1 V2 V3 v« V5
T.(Control 
A Plot)

8? *50 ' 
(69SP7)

20 0 .0 0
(90.00)

97.22
(84.42)

97*22
(82*11)

88.89
(72.12)

* 2 83*33
(67.41)

10 0 .0 0
(90.00)

94.45
(78.84)

98.61
(66.05)

ei m
(72*11)

*3 93.06(74*89)
97.22
(82.11)

93.06
(77.52)

97.22
(82.11)

94.44
(73*57)

©4.72
(67.02)

98*61
(©6*05)

07.50
(68.34)

94.44
(76.53) 90.28

(72.94)

*5 91.67(73.57)
10 0 .0 0
(90.00)

93.05
(74.07)

97.22
(82.11)

6 6 .12
(63*34)

* 6 94.45(78.84)
95.83
(80.47)

97.22
(82.11)

98.61
(80.05)

07.50 
(69.30) s

Mean 89.12
(71.95)

98.61
(86.44)

93.75
(77.55)

97.22
(82.49)

80.29
(72*06)

F test significant 
S.E. (m) + 1*39

C.D. at (0*05) 4*54
(Figures In parenthesis represent angular transformed values)

The data in the Table 4 revealed that the variety 
Vg (Karan) recorded the maximum percentage of germination 
(98.61%) t closely followed fcy (Thlnladiim) with 07*22% * 
The other varieties (Rio-de-Jor-oiro) recorded 92 *75%, 
whereas# the percentages of germination were lower in the 
cases of (China) 83*12% and Vg (Sierra Leone) 83*19% *
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(1 ) a general of the experiment

(3) comparative growth performance of veriofeicG/ (China)
V_ (Karon)•

(3) Cctrparative growth perfcliroanco of varieties Y^ (Rlc-d©-*Janeiro)#
V,. (Gierre leone) and V- (Thinladiuin) • b “3
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The •tatd.Btieal analysis showed that is signifi
cantly superior to ail other varieties in this regard except 
Vj« Arsd variety V4 is superior to all other varieties except 
Vg# And Vg is superior to and Vg# But-there io no oigni-
£leant difference between and Vg.

(ii) height of the Plant - The height of tho plants 
at successive stages of growth os affected fcy the different 
levels of Urea and Planofix with respect to different varie
ties was recorded at monthly Intervals starting frca 30 days 
after the planting# The results ere presented in Table 5 (a) ,

TABLE 5(a) AVERAGE HEIGHT .OF PLANT AT SUCCESSIVE STAGES OP 
GROWTH OP DIFFERENT VARIETIES OF GXM3ER 
(UNIT - CENTIMETERS)

Varieties J®j£E2_£E£aylE£ MJ&E. vino-
1 Days, after plantirio.

__ 30 60 90 12 0 150 1 D0

V1 24.ee 35.37 43.51 49.57 55.39 50*00

V2 26*02 40.12 48*45 54,33 53.53 60*74

V3 22.41 35.61 44*40 49.54 52*75 55.20

V4 27.36 •42.23 50*62 56.90 60.34 62.20

VS 24.00 35.41 '43.00 50*54 53.11 55*38

*F*Test hot eig.Nofc Gig Sig Hot eig Gig Gig
S #E# (ci) + - - 1*530 *p 1.503 1.544
C.D. at O.OS$i 4*99 • 5.16 5.03
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The data in Table 5(a) shews tho height o£ tho five 
ginger varieties from 30 to 10 0 days after planting* In general# 
it is aeon that vigorus growth wao put up by variety 
followed by Vg# V1# Vg and V3 (least height with V^). The 
ftastijntxa height increase for all tho varieties m s
noted between 30 and 60 days of planting# With the advance In 
age the increase in height of ail the varieties were propor
tionately at a decreasing rat©*

TABLE 5(b)* AVERAGE ElEIGhT OF PIAHTS AT SUCCESSIVE STAGES OF 
‘ GROWTH AS AFFECTED BY SUB PLOT TREATHBEjTS a UREA 

A I3D PLANGFIX (tm? - (SS3TIMETERS)

(b) and (c ) and the analysis of variance table under appendix#

Table Kb.3

Sub VlOt 
Treatment

Before, spraying I Mtcr spraying

' . | '30 60 90 1 2 0 ISO 160
Tg*Urea 254 23*90 37*99 45*77 50*76 53*54 56*21
Tg.Planoflx 200ppn 26*53 39*32 48*21 54*65 ■68*57 60*53
TA*Urea 254 +

Plansfix 2CCppn 25*20 37*12 45*60 52*52 50*09 59*07
Tg*Planofix 4CGppm 25*46 38*08 46*20 51*92 57*12 59*72
T>.* Urea 254 +

Planoflx 40Qppm 25*66 37.69 46*11 52*83 BG*e® 61*60
^ *  CCntrol - 22*87 36*00 44 *09 50.44 82*18 52 *69

*F* test hot sig Not dig tot fcJofc ©dg Sig Big
S *E * (in) + •» ** - - 1.364 1*382
C|P# at 0*0554 — «* - - 3*87, 3*92



rrotn Table 5(b) it is observed that in general*
»

there waa no significant differenco between the aub-plots 
before the chemicals were applied but the significant 
difference in the height of the plants vers recorded after 
the application of the sub-plot treatments were raado* The 
cumulative increase in height from ISO to 100 days of growth 
in the case of control (Tj) was only 50*44 cme to 52*69 «ns 
(2*25 on) while in the case of Tg (Urea 2%)» T^ (Planofix 
200 ppm)# Tj (Urea 2% + Planofix 200 ppm)# Tg (Planofix 
400 ppm) and Tg (Urea 2% + Planofix 400 ppm) higher increase 
in height was noticed/ vis* 50.76 erne to 56*21 coo (5*45 cms)« 
54*65 cma to 60.53 erne (5.80 era)# 52.52 cms to 59*07 cm© 
(6.55 cma)# 51*92 erne to 59.72 csns (7.00 erne), 52*09 gds to 
61*60 era (3*72 era). It was also found that the rato of 
Increase in height of the plants after the application o f . 
tho treatments were appreciably higher in all cases compared 
to the control* But in the case of Urea 2% (Tg) tho increase 
was gradual upto the 10 0 days after planting*

The Table 5 (c) shows the effect of various troin plot 
and oisb-plct treatments on the height of tho plant at 10 0  

days after planting. Both varieties and the sub-plot treat
ments showed significant difference* Tho varieties Vg and Vg 
had significantly more linear plant growth than tho varieties

i 61 i
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TAB Lb 5(c) * EFFECT OF VARIOUS SUB-PLOT TRCATi^EiTS (UREA 
AtJD PXABOFI*) ON THE- HEIGHT OF DIFFERENT 
VARIETIES OF GIEGER PlATtt'S AT ISO DAYS AFTER 
PIANTING ( UNIT - CENKMSTERS )

Sub-Plot
Treatments

•61 Varieties
* v : v i V2 V3 v4 V

(lean
rp

2 Ursa 2% 53*26 58*03 50*63 65*06 54*20 56*21
Planoflx

200 ppm. 62*60 57*20 58*13 67.36 57*40¥• 60*53

*4 Urea 2% ♦P 200 ppm 6083 59*60 55*66 62*83 56.43 £9*07

e5 Planoflx
400 ppm 60*73 62*03 61*43 56*90 57*53 -59*72

*S Urea 2% + 
p 400 ppm 61*90 58.06 50*36 64.73, S4.4G 61*60

*1 . Control 48*73 59 #53 46*50 56*36 62 .36 52*69

itoan - ■58*00 60.74 55*20 62*20 55*30

*F* test for troIn plot end sub-plot'treatments are significant 
S.E* (m) + for main plot treatment is 1*544

/

3 *B* (m) + for sub-plot treatment is 1*382 
C*D* for main plot treatment at 0,05^ level is 5 *03 
Q «D* for sub-plot treatment at 0*05% levol is 3*92 
(P « Planoflx)

Vg and V3 but V^ was parallel with V^ and V2 * At tho ocm time 
there was no significant difference between V1# V3 end V3* 
Among tho sub-plot treatments tho effect of chesnicala on the
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height increase were in the order of T^t T3# Tg. T^# end
T, respectively* Except T„ all other treatments were oignfi- 

1  ^
cently superior to (control)# However# % *  T3' ̂ 5 esî  T4
did not differ significantly from each other# There wc« no 
significant difference between Tg*> T^ and os well oa 
between ̂  311,3 Tx*

The interaction V x T was not significant#
*

(iii) Thickness of main Pseudostemc The thickness of 
tho Egoudostera was measured at tho same time when the height 
of tho plant (Peeudostem) was measured# Tho results, obtained 
are presented in Table 6 (a)* (b) end (a)* Tho analysis of

• ,i ■ 1
TABLE 6 (a)* AVERAGE THICKEESE OF E1AIN P3EUB0STEM (TILLER) AT

SUCCESSIVE STAGES OF GROWTH OF- DIFFERSW® VARIETIES 
OF GIKGER (UNIT - CEKELMETERS)

Vorieites J Before ©praying j After spraying
• Davs after planting ..«1 30 60 90 120 150 180

vi 0*539 0.646 0.734 0.784 0*822 0*846

,V2 0*683 0.789 0.906 0.950 0.993 1.029

V3 0*661 0*662'f 0.747 0.784 0 .0 1 0 0.844

V4 0.663 0.750 0.823 0.847 0.075 0.901

V5 0.547 0.662 0.747 0.782 0.820 0*857

*P* test Sig Sig Sig Sig Sig Sig
S«E#(tn) + 0*0134 0.01303 0.01788 0.01516 0.01673 0*0276
C.D.at 0 .05%

level 0.044 0*042 0.058 v 0.049 0.054 0.057 .
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variance table ie also appended under the appendix and is 
further represented in the Figure t’o • 4  ■

Even from the very early otago of 30 days of growth 
after planting the thickness of Fseudostem of the varieties 
were significantly different# Vg and were significantly 
higher than the other varieties V^, and Vg* At tho tine of 
application of tho sub-plot treatments also the same trend of 
differences were noted* But in the final observation (160th 
day} V2 was significantly superior in thiclcning, tho storm 

, having 1*029 eras ever V4*V5, end V3 which had 0*901,
0#S57, 0*346 end 0*644 eras of stem- thickness respectively*

r

The Table 6 (b) shows that upto 25 days after the appli
cation of the oub-plot treatments (i*e# upto 150 days after 
planting) there was no significant difference between the
eeb-plots whereas in the final stage of 1 B0 days after plant-

* •  "  

ing tho sub-plots showed significant difference in the thick*
neso of the stem* Tho treatments V  V  V  Tg, Tg and
recorded 0.928 eras, 0*915 cms, 0*907 eras, 0*897 cma#
0,874 eras end 0*351 eras respectively* The cumulative increase
in the case of the sub-plot treatments after the spraying of
the treatments is in the order of (control) 0*026 emS to

’ 0*851 eras (0*025 cm), 0*313 cms to 0*074 eras (0*061 eras),

t 64 l .
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TALtE 6 (b). AVERAGE KilCKNESi OP m i M  PSEUDOSTEM (TIMER) AT
SUCCESSIVE STAGES OP GROWTH AS AFFECTED BV SUB~PLCT 
TR£ATf'5EÊ TSs UREA AMD P1&I4GEIX (UR1T ~ CEE7T2METERS J

£.ufc-.plOt
Treatments

Before spraying ! After spraying
Q a m  after Planting

! 30 60 90 12 0 150 180

* 2 Urea 234 0.603 0.695' 0.775 0*813 0.845 0.674
*r»*3 Planofiix 

200 ppm 0.506 0.702 0.780 0.026 G.071 0.897
T4 Urea 2% + 

P 200 ppm 0.593 0.702 0*787 0.829' O.S72 0.915
*p*5

■4

Planofix
400 ppm 0.616 0.716 0 .6 0 4 0.&3? G.G70 0*907

*s UTea 294 * 
P 400 ppm 0*589 0.705 0.605 0.651 0*89© 0.928

* 1 Control 0.603 0.692 0.790 0.026 0.639 0.851

•p* test K©t
sig

Rot
sig

Mot
sig

Mot
sig

Rot
sig

Sig

S.E• <m) + “ ■ - - . . .  ^ 0 .0 10

C.D« at 0.0534 level 
(P « Planofix)

— ,  "* , * 0.028

0*826 one to 0.897 ema (0.071 ©no). T^ 0.829 ©no to  0*915 
©so (0.086 esns) Tg 0.832 to 0.907 ems (0.075 ©ro) and Tg 0.851 
CKsa to 0*920 cpb (0.077 eras).

The data on the final observation on the stem thickness of 
different signer varieties as affected by Urea and Planofix doses
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AT 180 BAYS AFTER PLANTING (UNIT - CENTlt-ETER)

TftBIE. 6 ( c ) *  EFFECT OP UREA AND PIANCFXX OK THE THICKNESS OF
MAIN PSEUDGSTLM OF DIFFERENT VARIETIES OP GINGER3

Slib Treatments i Varieties
; vi V3 V3 -__Va Mean

2 Urea 2% 0 *806' 0*963 0.616 0*943 0*323 0*074

*3 Planoflx 
200 ppn ,0*033 0*993 0*840 0*923 0*096 0*097

*4 Urea 2% +.
P 2oo ppm. 0*906 1.066 0*873 0*863 0*070 0*915

s5 Planoflx
400 ppm 0*640 1*016 0*923 0*900 0*856 0*907

V Urea 254 +
P 400 ppmi 0*636 1*113 0*863 0*896 0*07© 0*928

Ti Control 0*796 1*C03 0*750 0*883 0*32© 0*051

Msaei 0*846 1*039 0*844 0*901 "0*857
i

•P* test for main plot treatment* sub-plot treatment on6 
interaction ate highly significant

S*E,(m) + C*D*afc 0*05% 
* level

(1) Main plot treatment
(2) Sub-Plot treatment
(3) £Ufc**pl©t treatment at the some'

level of FI*P*T*

0.0176 . 
0*0100

0*02302
(4) Main plot treatment at the

came level of S.P.T 0.04494

0*057
0*028

0*C65

0*142
(p * Planoflx)
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are presented in the Table 6 (c)* Tho statistical analysis 
boo revealed the existence of significant difference duo to 
Varieties end Urea and Planofix separatoiy* The infcereetion 
between varieties end chesmical le also significant. Tkim 
In the ease of variety variety treatment conbinatioti 
having T4 gave the maximum thickness of 0*906 cn© closely 
followed by -V1  Tfi with 0 *896, Tg with 0*040, Tg 6*833,
Vx Tg 0*806 and T^ 0.796 eras, while in tho case of variety 
Vg as indicated before the treatment combination Vg Tg produced 
th© nGxir.um thickness of 1*113 emo which was significantly 
higher ewer ether treatments Accept Vg T^* But there was no
significant difference between W3 *4' V2 *5 ,2 si a  
between V 2 Tg# Vg T^, Vg t3 and Vg Tg. Variety V3 showed 
preference to Vg Tg though it was not significant over V^T4

and Vg Tg* However, treatment eonbinationo having V^T^, V^T^,
Vg Tg and Vg Tg were similar in their behaviour and V3 was 
significantly lower from all others• Xn tho ease of variety 

V4 Tg was superior to V4 T^ but hot others (V^ T3' V4*S#
V4 T6 and V4 Tj as well as V4 Tg, V4 Tg, and V4 Tg) , Tj 
and V4 t4 shewed no significant difference between thoraelvee. 
Vg showed preference, to Vg Tg which was significant over V i
and Vg Tg but not over other treatments. The relation between

>

Vg Tg, Vg T6, V5 T4 and Vg Tg as well as between Vg Tg* V£fi'4,
Vg Tg* Vg T^ and Vg Tg not have any significance difference*

All the eub-plot treatments shewed preference to the 
Variety and thus Vg and Vg Tg were significantly superior
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over ail other®* Hi other cases they go hand In hehd with 
other varieties. Thus Vg Tfi produced the maximum thickness of 
1*213 ce© while V3 had the rointouni thickness of G*75o etna 
only*

(iv) Humber - of tiller® per clump# The nunbsr of tillers 
per clump were recorded in the 3anse nanner ao in the cos© of 
tfighfc of the plants* The data were analysed statistically and 
sf© presented in Table 7(a)# Cb) and (c) and in figures 3 (a) 
and <b).
TABLE 7(a)'. AVERAGE' NlfrBER OF TILLERS PER CLUMP AT SUCCESSIVE 

STAGES OP GROWTH OF DIFFERENT WiUETXES OP G1EGER
  ■ ♦Varieties ! Before spraying ' After spraying

* ■ »  m a r t i n i  'n — m  . 1 —  t n  ■■!* »«■, •mi

{ Bays after platnting
! 30 60 90 1 2 0  , I 150 180

V1 1 .2 2 3 .6 9 7*09 9*23 10.79 10*96

V2 1 .5 9 3*85 7.82 10*56 11.32 12*08

' ' ’ V3 1.59 4*49 9*39 13*09 , 14*96 16*35

V 1 .3 2 3*22 6.S8 9 *48 10.41 11*35

V5 1*59 4*13 8*37 12.11 14.50 15.89

*P9 test Mot aig Sig sig Sig Sig Sig
S#B • (eft) 4 - 0.189 0*3274 0.591 0*464 Q*5o£
C«D* at 0*05% 

level -i 0.62 1.07 1*93 1.51 1*65
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The data in Table 7(a) showed that at the initial stages 
there was no si^iificant difference between the five varieties. 
Cut the successive observations showed significant difference 
between varieties# Highest number of tillers were produced by 
Vg followed,by Vg end these varieties were significantly 
different from other varieties in order of V2# and V^. The 
data showed that produced the least tillers par olurp even 
t o  the early stages of development#

TABLE 7 (b) # AVk RAGE HUMBER OF TILLEkS PER CLUMP AT SUCCESSIVE
STAGES OF GROWTH AS AFFECTED'BY SUB-PLOT TREATMENTS 
UREA AMD PLANOFIX

Sub-plot J Before spraying | After spraying
TEsQtoctitB F ~ " ..........    ■■■-

! 30 60 90 12 0 150 160

S 2 Urea 2% 2,55 4.11 e.o7 11.40 12^51 13.63

*3 Planofix .
200 pp® 1*49 3.83 8*19 11*28 1 2  .00 14*01

*4 Urea 2% t 1 
P 200 ppm 1*41 3.71 7.61 10.44 12.04 13*10

S5 Planofix 
400 ppm 1.48 3.97 8.65 11.49 13.04 14.10

T Urea 2% * ' 
P ,400 ppm 1*44 3*89 7.69 10.98 - 12.04 13.22

A1 Control 1.39 3.75 7.23 9.77 11.06 11.89

test Mot sig Mot sig Mot sig Hot sig Not oig Mot sig
(P a Planofix)
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Table 7 (b) showed no significant difference between the 
various sub*plots before or after the application of tho treat-* 
treats*

TABLE 7(c) * EFFECT OF UREA AMD PLAHGFIX OH T?IE EftfHBBR OF
TILLERS AT  180 DATS AFTER PtAMTlUG WITH ASPECT 

■ TO VARIOUS VARIETIES OF GINGER

Sub-plot
Treatments

»•** Varieties
« vr vi * V2 V3 V4 V5 Mean

Urea 2% 10.53 13*06 15 *60 1 1 * 2 0 17*80 13*63

*3 Planoflx
200 ppm 12*06 12*60 17*73 10*80 16*06 14*01

Urea 2% *
P 200 ppm 10*33 11*06 16.67 1 1 . 2 0 16*26 13*10

t b
PlecofiK

400 ppm 11*06 11*60 20*80 12*13 14*93 14.10

'2S Urea 2% +
P 400 ppm 11*06 1 2  *80 14*93 12*06 IB *26 13*22

control 10*73 11*40 12*40 10*73 14*20 11*89

m m 10.96 1 2 f0B 16*35 11*35 .15*83

•F* test for (main plot treatments) Varieties alone in 
significant*

S*E*(m) + for pain plot treatment is 0*505
G*D* for main plot treatment is 1*65

(P » Planoflx)
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Tho data on the final observation on tho ntxdbcr of 
tillers of different, ginger varieties and tho effect of 
sub-plot treatments (urea and PXonofix) arc presented In 
Table 7 (c) • The statistical analysis showed that only 
Varieties differed significantly in tiller production*
Vg produced the maximum nwfeer of 16*35 tillers* closely 
followed by Vg with 15*83 tillers and they significantly 
differed from other varieties (V̂ , and having 1 2 .00# 
11*35 and 10*96 tillers per clump respectively) •

Among the sub-plot treatments Tg produced tho nxatimum 
tillers (14*10) followed by with 14*01 tillers* Tho 
treatments T£ produced 13*63 tillers; Tg* 13*22 tilloro;
T^* 13*10 tillers end Tj* 11*89 tillers respectively*

(v) Number of leaves per clu m p  s Tho n unbar of leaves 
por clomp were recorded at each observations Glongwifch 
' height* fchicknoso etc* and presented in Tabic 8 (a)* (b) end 
(e).

The Table 0(a) represents the production of leaf in*
" the various varieties* The statistical analysis of tho data 
revealed that the production of leaves in each variety woe 
significant with tho various stages of growth oroept ot the 
60th day* At doth day the varieties were not significantly 
different, though there was numerical difference in tho loaf 
production* Tho leaf production woo highest for tho variety
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EFFECT OF VARIETIES ON LEAF PRODUCTION
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JABLE o(a) * AVERAGE KO&BER OS' LEAVES PER CLUMP (PEAIjTS) AT
SUCCESSIVE STAGES OF GRC^Tsl OF DIFFLREI3S? VARIETIES 
OF GINGER

Varieties Before ©praying { After ©praying
Days after planting

| 30 60 o 1 2 0 ISO 180

V 1 7*27 25*56 64*62 90.03 118*32 127*25

V2 7.72 . 26.99 80*96 119.28 139*10 145*01

V3 - 8*00 31*99 117*62 166.56 173*87 189 *41

V4 6 .66 26.72 69.74 95*32 124*68 129*96

VS . 7.33 29.67 104*33 135 .78 168*44 175.77

•F*. test Sig Eot sig Sig Sig Sig Sig
S *E • (eh) + 0*236 - 6.856 8*04. 8*5£S 9.306
C.D* at G.05^

level 0 .7 7 - 22*35 26*22 27*94 30.60

V3 (189 *41) closely followed by Vg (175*7?) end there woo no 
significant difference between than* V2 produced 145 0 81 leaves, 

129*96 and V, 127*35 leaves which was the least« Between 
Vg and V2 there was no significant difference* Vg, V^ and
wore also parallel in leaf production though there uao on

* * 1
apparent difference* The rote of loaf production we© nnxtaum 
between 60th day and 90th day and afterwards there waa gradual 
doercose in the rate of leaf production«
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TAJ3LE 8(b) •-AVERAGE I4JMBF-R OP LEAVES PER QUSV& (PIACSTS)
AT SUCCESSIVE STAGES CP GRCfKTXI AS AFFECTED BY
b \b - p w 2 trea®®kts* m m  and plakcfxx

Sub-Plot
Treatments

'» ■■— ■■   1 -
Before ©praying ; j After spraying

Says,after planting
' J 30 60 90 120 ISO 180

&2 UTea 2% 7*46 29*16 ' 93*31 121*31 147.73 154*81

®3_ Planofix- 
200 ppa. 7 #46 27*67 * 87.85 us  .66 142*72 157*21

*4 Urea 2% +
P 200 ppm 7*46 28*34 92.27 121.04

*  ■ . 

163*93 151*07
9 i

Planofix4oo ppm
9

7*53 29*65 94*61
£

140*85 156*97 165*06

*0 Urea 2% <'
P 400 ppm 7*46 27*56 86*43 113.27 144.24 154*11

ISbnfcrol 6.99 26.76 79.85 110*62 133*66 139*50

•p* test KOfc
sig

Kot
Sig

not
eig

.  £&t 
sig

Efct
oig Not

aig
(P ■ Planofix)

* 7* '

As shewn in the Table 8 (b) there w&q no significant 
difference between the sub-plots before or after the applies* 
tlon of the chendcals*

Analysis of the data on leaf production at tho final 
observation <X8Gth day) as indicated from the Table G (e) shewed



9 74 9

TM)1E Q (c) * EPELCT OP UREA AND E1AIXF1X da THE fcltt-TBBR OP
LEAVES AT 100 DAYS AETER FLAKT21JG WITH RESPECT 
TO THE VARIOUS VARIETIES OP G2CX3ER

Treatments * ■ VarietiesI
• vi V2 .  V3 V4 Vr-5 £& an

TP Uric s» 133*46 144*20 179.80 137*13 179*40 154.81

*3 Plano £i>: 
200 ppm 142*06 140*13 206*63 105*93 191*40 157*21

T Urea 2% + 
P 200 ppm 12 2 * 0 0 133*13 164*06 133*00 183*20 151*07
Planoflx
400 ppm 1 10 * 0 0 146.67 259.86 134*13 166*60 165 *06

SC Urea 2% + 
P 400 ppm 129*46 170*93 157*66 133*67 178*86 154*11

* 1 Control 116*46. 139.80 148*60 135.93 155*13 139*58

test for pain plot treatments Ivarietica) highly aignifiGont 
S*E * (rc) + for pain plot treatments 9*3G6

/C.D. for r>aln plot treatments at 0*059i 30*60
(p “ Planofiss)

that only varietal difference cKlGted In leaf proSirsticn . The 
interaction of varieties with Urea and Planoflx .aodbinaticris
were not, however# s igni£ leant«

r
Tho data further revealed that in all variotico the rate 

Of leaf production Table 8(b) was maximum between GO and 90 
&eya after planting* The next r-axifmm inareasa was noted between



' (1) Vbrla^y V2 (Maran) at Its prime grareh period*

(2) Variety Vg {Mar̂ n) at its final etcge o£ growth*

(3) The developing rhisuxne variety Ric-ao-JoR.:iajoCVg)«

-*»# FLME5 *«.
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90 and 120 days after planting and tho rato of leaf: produ->
efclcti slewed A Sewn in tho later stages of grewth.

(vi) Leaf are& t The data collected at the final ofesor- 
Vatican i© given in Table 9 • The statistical analysis revealed

TADLE 9. EFFECT OF UREA At© PIAWCF2X Oft THE LEAF AREA AT 180
DAYS AFTER PLARTXMG HITH RESPECT TO VARIOUS VARIETIES 

OF GlftGER (IKilT -  Sq. Gm. SIEGLE SIDE)

Sub-plot « Varieties
treatment©

I V* V2 . V3 V4 V5 ttaan

Urea 2% 38.93 39 .82 32.13 44.78 40.29 39.19

*3 Planoflx 
2co ppm 38.19 40.36 ' 31.19 37.11 40.24 37.42

T4 Urea 2% +
P 200 ppm <53.25 40.45 33.39 44.12 42 i9h 40.82

Planoflx
400 ppm 39.78 38.73 ’ 30.10 39.05 30*25 37.18

*6 Uses 2% * p 400 ppm 43 .65 41.65 32.89 41.84 42*09 40.54
Control 36.13 35 .58 31.31 37*92 35o03 35.31

*F* test for sub-plot treatments alone significant 
S»E. (n) + for sub-plot treotosntG a 0*9279 
£*D« for sub-plot treatments at Q*055i level » 2*63 ■ 

(P m Planofiiss)

that there was significant difference between tho loaf: area 
of different sub-plct treatments * The Varieties end inter
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action were however not significant* Among the eub-.jp3.ot. 
treatments there was no significant difference boteocn E^# 
Eg and Eg but and Eg wore significant over ail other 
treatments except Eg* E^# Eg and E^ were similar in thoir 
behaviour though tho E^ had tho least valuo of 35 *31 oq*cm.

(vii) Incidence of disease (rhlzocnc sot) a Eho data 
on the rhiEome rot Infection at the early stages of rhieOEDO

EABLE 10(a)* HHiacm ROE IKFECEIOtJ DURIfcSG E1& EARLY 8EAGL3 
OF RHXZGMB DGVElfOPMEtJT OF GlhGER VARIETIES 
(BEFORE SFRAYIKG) (UTilE - PERCBKEftiGB)

Gnb-Plot | Varieties £Joan
« V- 1 * V2 V3 V4 v

*2 13*10
(21*07)

0*0
(0 .0 )

11*46
(16.25)

1*43
(3 .9 9 )

10.20
(18*61)

7*24

*3 10*36
(18*34)

1*36
(3*89)

4.53
(7 .21)

1.43
(3 .99)

11*60
(19*42)

5.90

*4 8*16
(13.58)

4.20
(9 .5 7 )

6.56
(11.77)

2.86
(5 .6 8 )

9*10
(16*65)

6.18

Ss ■ 9 .10
(17*14)

2*73
(7 .7 8 )

13*53
(20.79)

2*80
(7 .9 8 )

11.33
(19*56)

7.91

*6 7.40
(15.19)

1*43
(3 .9 9 )

5.63
(11.26)

2.80
(7 .8 0 )

19,83
(23*21)

6.62

Ti2ntKOl
12*86

(20*68)
4*13

(9*47)
0.0

(0 .0 )
2*80 

(7 .83)
.9*33

(17*09)
Sp82

Plot)
Cloan 10*16 2*30 6*95 . 2.36 11*26

(17*66) (5.78) (11*21) (6*23) (19*09)
®P* test for main plot treatments(variety) is significant 
8«C*(m) + for main plot trefenent is 1*99 
C«D* at 0*0^ level Is 6*50
(Figures in parenthesis represent angular transformed values)
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development Is given in Table 10(a) . Tho statistical arialyaio 
showed tho exlatonce of significant difference between the 
varieties* tfexlsmxn attack vjqd noticed with tho variety 
(11.26%), followed closely by V^ with 10*16%. There w o  no 
significant difference between these two voriotiea. Variety

i t
had 6*95% of infection while had only 2.36% infection, 

whereas variety had the leaet valises (2.3%) of Infection 
only, however, the lost three varieties did not differ

i

significantly in this regard.
TADLE iO(fe) . EFFECT OP UREA AMD FLAKCFIX CM THE RIilDO:-33 ROT 

IHPlSCTICiJ DURSKG TIM  FIfciU. STAGE OP flMZSQ&B 

DEVELOPMENT 171 Til RESPECT TO VARIOUS VARIETIES 

(AFTER SPRAYING) { UIXLT -  PERCENTAGE)

Sub-Plot
Treatments

»tt. Varieti.CD
fiaan

i vi V2 ' V3 . V4 VD
T2 Urea 254 0 .0

(0 .0) - 0 .0  
. (o.o)

4*10
(9.47) - 1.37

(3.15)
Plonofix 

* 200 pftn
5.00
(Q.2 1 ) - 6.93

(9.04)
.28*86 
(32.00) - 13.07

(16.41)
Urea 2% + 

3 P 200 ppm
3*33
(6*14)

- 0*0
(o.o)

4*33
(7*04)

** 2.55
(4.39)

Ts Planoflx 
400 ppm

23*20
(10*04) - 0*0

(o.o)
7.06

(12*62)
4m 10*09

(10*48)
Tr Urea 2% *v 

400 ppm-
1 22*23 
(23.04) - 3*03

(5*85) 2*90
(5.72) * 9*39

(11*53)
T^ Control 18*33 

(IS.95)
tm 0.57

(17*01)
S.70 

(13*60) - 10*87
(15.52)

T-feans 12.14(12.03) - 3*08
(5.31)

Q .0 2  (13.40)
*F* teat not significant either for main plot or sub plot 

treatments or interactions
(Figures in the parenthesis represent the angular 
tr fine formed values) (P *3 Planoflx )
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Table 10(b) represents the rhizome rot Infection at 
tho final stages of rhizome development* Chly three varieties 
were affected via* V̂ # V3 end V^. Vg mid Vg were completely 
free from the attack of rhizome rot* The analysed data of 
the affected 3 varieties (V̂ # and V̂ > indicated tio signi* 
flGant differences between themselves or between sub-plot 
treatments or their interaction# though had tho fijaxinaaia 
infection of 1 2 * 1 4 %  followed by (8.0254) end V3 (3 *00%)
respectively•
TABLE 10(c)* TiiE TOTAL RHIZOME ROT IMFECTXCN IN RESH2CT OF 

VARIOUS VARIETIES (UNIT - PERCENTAGE)

» 78 i

4.,,— t— -
Sub~?lote# Varieties Mean

i vi V2 V3 V4 vs

T2
13*10
(21*07)

0 .0
(0 *0 )

11.46
(16.26)

5.56
(13.46)

1 0 .2 0'
(18.61)

6*06
(13.88)

*3 16.16
(22*45)

1,36
(3.87)

11.46
(16.26)

29.96
(32.83)

11.30
(19.42)

14.15
(18.97)

T* 11.50
(19.72)

4.20
(9*57)

6*56
(U.77)

7.20
(12.72)

9.10
(16.65)

7.71
(14.09)

TS 32.30
(32.18)

2*73
(7.78)

13.53
(20.79)

9*93
(17.93)

11.33
(19.56)

13.96
(19*65)

*6 29*63
(32.11)

1*43
(3.99)

4*66
(17.11)

5.70
(10.93)

15.83
(23.21)

12.25
(17.47)

* 1
(Control
plot)

31*20
(32*44)

4.13
(9.47)

8.56 
(17 .01)

8.56
(17.02)

9.33
(17.43)

12.36
(18.67)

Mean 22*31
(26.66)

2*30
(5.78)

10*03
(16.53)

11.15
(17.48)

11.26
(19*14)

*F® teat for main plot treatments is significant 
S.E* <m) + for main plot treatment ie 3 ,13 
G«D* for main plot treatment is 10*21
(Zigures In parenthesis represent the angular transformed value)



(i> RhiacfD© rot - visual aymptonse under the field 
cenditioriS - variety China (V^).

(3) RhiSECEie rot ** aynptos® on the rhlsomes — voxiotiGG 
China* (V̂ ) and Thinledium (Vj)

(3 ) Seale insect, infestation on rhisccio - vurifcieo
China {V^* ThinX&dlura (V^) end Sierra l^eene (V^).

« f .  PLATE « »
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The analysed dots of tha total infection ao Ghown 
In Table lo(c) revealed the existence of signficant 
difference between varieties* Tho variety was tho most 
affected on (22*31%), followed by V£ (11.36%), V4(U*15%)
V3 (10*03%) and Vg (2*30%) respectively* Vg was signifi
cantly superior to all other varieties with regards to 
its tolerance to ths rhisom© rot* IJ*cwever, vsriatics V^, 
v5 « V4 snd'Vg though indicated differences in the degree 
of rhizome rot incidence, were not go statistically«

Incidence of Scale Insect Attack i Tho table 11 
represents the data on scale in sect attach. Tho statis
tical analysis revealed that there was significant 
difference between the main plot treatments (varieties)* 
The sub-plot treatments and interaction were not signifi
cant* The variety V2 was the least affected variety with 
4.17% of attach, while V4 ^ccorted maximum damage (35*6%)* 
Between these varieties there existed significance 
difference, while, V4 was, closely followed by V£(30*14%),
V2 (16.67%) and V3 (4.17%) • Among V^, V£, Vj and V3 go well
bs between V£, and V2 there were no significant
difference on the attack of seal© insect*

Though there was no significant difference between
tho treatments there existed an apparent difference# Thus 
Tg had the maximum attack" (24.17%) While T6 bed tho test 
attack (9 *17%) «
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TAB IE 11, EFFECT OF UREA AMD PLANOFIX OS THE IMslSCTATXCN OP
SCALE INSECT WITH RESPECT TO VARIOUS VARIETIES OP
GINGER (UNIT -  PERCENTAGE)

Treatments
ii• Varieties
! vt V2 V3 V4 V5 l ie an

T
2 ,
i
Urea 2% 12*80 8*33 

(16*90)(30*00)
0 .0
(0 .0 )

33*33
(34.48)

12.50(16.90)
13.33
(19.65)

*3 Planofix 
200 ppm

37*50 16.67 
(37.58) (45.00)

20.83
(65.70)

8.33
(13.80)

37.50
(36.90)

24.17
(39.79)

T , Urea 2% + 
P 200 ppm

12.50
(16*90)

0 .0
(0 .0)

0 .0
(0 *0 )

25 .00  
(25.00)

37.50
(36.90)

15.00
(15.76)

T5 Planofix 
400 ppm

4*17
( 6*90)

0 .0
(0 *0)

0 .0
(0 .0)

33.33
(35*00)

12.50
(16.90)

10 ,0 0
(11.76)

T6 Urea 2% +
P 400 ppm 16*67(15.00)

0*0
(0 *0)

0 .0
(0 .0)

20.83
(21*90)

8.33(1 0 .00) 9.17
(9,38)

* 1 Control 16*67
(2 0 .00)

0*0
(0 .0)

4.17
(20.70)

33.33
(35.17)

12.50
(16.90)

13.33
(18.55)

Kean 16.67
(18*88)

4.17 4.17
(12.50)(14*40)

25.69
(27.55)

20.14
(22.41)

'F* tost in the case o£ main plot treatment (varieties) is 
significant

S.E, (id) + for main plot treatment is 4*0917
C.D. 0*05% for main plot treatment is 13*34
(Figures in the parenthesis represent the Angular transformed 
Values) ( P » Planofix )

Regarding the treatment cotiibinations* Vg Tg,
Vc T and the maximum infestation of scale insect (37.5G%)whilo, o 4
in cose of V2 T<t V2 ?5.V2 Tg, Vj V ^ .  Vg v3 Ss and
V^ Tg practically had no attack • Among the infested ones VjTg

and Vg T^ showed the least value of 4*17% each*
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TABLE 11...EFFECT OF UREA AMD PLANOFIX CM 'IHE IN5SSGTaTIOH OF
SCALE INSECT WITH RESPECT TO VARIOUS VARIETIES OF
GINGER (UNIT -  PERCENTAGE)

Treatments
■>■ , • Varieties
i vi V2 V3 V4 V S t-tean

T2 Urea 254
s

12*50 8*33 
(16*90) (30.00)

0 .0
(o.o)

33*33
(34.43)

12,50
(16*30)

13.33
(19.65)

IT« Planofix
■ 200 ppm■ t

37.50 16*67 
(37.58) (45.00)

20.83
(65.70)

8.33
(13.80)

37.S O  

(36.90)
24.17
(39.79)

T4 Urea 2 %  + 
■ P 200 ppm

12.50
(16.90)

0 .0
(0 .0 )

0 .0
(0 .0 )

25.00
(25.00)

37 .SO 
(30*90)

15.00
(15.76)

T~ Planofix 
D 400 ppm

4.17
(  6.90)

0 .0
(0 .0)

0 .0
(0 .0)

33.33
(35*00)

12.50
(16.90)

10 .0 0
(11.76)

T- Ure® 256 +  P 400 ppm 16.67(15.00)
0 .0
(0 .0 )

0 .0
(0 .0 )

20.83
(21.90)

8*33
(1 0 *0 0)

9.17
(9.38)

T^ Control 16.67
(2 0 .00)

0.0 ’
(0 .0 )

4.17
(20.70)

33*33
(35*17)

.12*50
(16*90)

13.33
(18.55)

Mean 16.67 
(18 .68)

4.17 4.17
(12.50)(14.40)

25*69
(27.55)

20*14
(22.41)

•F" test In the ease of main plot treatment (varieties) is 
elgnificant

S.E. (*a) + for main plot treatment is 4*0917
C*D. 0*05% for main plot treatment is 13*34
(Figures in the parenthesis represent the Angular transformed 
values) ( P » Planofix )

Regarding the treatment combinations* Tg* Vg T^#
Vg T^ and the maximum infestation of ocaiG insect (37 ,50%)whilo, 
in case of V£ T4# Vg Tg,V2 Tg, V2 V3^2« Vg T^, Tg and 
Vg Tg practically had no attack* Among tho infested ones V^Tg
and Vg T^ shoved the least value of 4*17% each.



(ix) Compatibility of Urea end Planofix on Ginger*
Ho eorehing or any other damage on tho arial part of the 
plants were noticed due to tho spraying. This indicated that 
these chemicals were compatible and they have no phyfcotoxic 
effects at th© applied concentrations.

Post Harvest studies

Yield of rhizome a Soon after the harvest* the yield 
per plant (clump) and yield per plot were recorded fmd the 
yield per Hectare was calculated using the plot yield* The 
data were statistically analysed and presented in Tobies 12  

(a)* <b) and <c)* ■ ,

The performance of the five varieties hove shown that
ithere was no significant difference between the varieties# 

though there was apparent difference between the various 
varieties* Tho throe tables revealed (Table 12 a# b# end c) 
that variety (Rio-de-craneiro) gave the maximum yiold 
.161*23 gins per plant# 606*13 gms per .net plot and 322 *45 
quintals per hectare closely followed by (China) with 
155#26 gn*# 776*31 gras and 310*53 quintals ©tc* respectively* 
Variety Vg (Maron) had 142*24 gras as individual plant yield#
711*18 gins as net plot t̂eld and 284*47 quintals ao hectare yield. 
The variety V& (Sierra leone) produced 133*95 gm of plant 
yield# 669 *73 gms of net plot yield and 267.89 quintals of

• 81 i
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TABLE 12 (a ) . EFFECT OF UREA AMD PIAROFIX OH PLANT YIELD WITH
RESPECT TO VARIETIES O F GIRGLR (UHXT -  GRAMS)

Treatments •t*_ . .. Varieties
* V* V1 V2 V3 V4 VS Mean .

T
A2 Urea 2% 152*06 137*06 159*93 138*26 132*93 144.20

T3 Planofix
200 ppm 152.20 141.73 163*80 128*46 134*46 144*13

*4 Urea 2% + 
P 200 ppm 161.00 140*66 168*53 136*93 138*33 150.65

*5 Planofix
400 ppm 155.66 145*26 167*20 131*26 134*66 146*80

T6 Ursa 2% + 
P 400 ppm 166*66 157.73 177*20 145*13 142*00 157.90

* 1 Control 143*20 12 2 * 2 0 130*73 1 2 1 * 2 0 120*53 127*57

Moan 155 *26 142*24 161*23 133*54 133.95

9F' teat for sub-plot treatment only is significant 
S.E. (ra) + for sub-plot treatments 1*5496 
C.D. at 0.05% level for S.P.T* 4*40
S,E*(m) for sub-plot treatments at same level of £lf£>*T«* 3*4650 
C ,D. at 0.5% level for S.P.T .at the same level of !4*P,T 9.84 

(p « Planofix)

hectare yeild closely followed by the Variety V^(Thinladiusj) 
having 133.54 gtns of plant yieia 667.60 gma plot yield and 
267*07 quintals of hectare yield respectively*
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12 (b ) * EFFECT OF UREA MID PLAKGF1X CM MET PLOT 21ELD 
WITH RESPECT OF DIFERENT VARIETIES OF <3̂EGER 

(UNIT -  grams per plot)

*  - —  — ■"-  ■ ■ - ■ ■■—  - r  "  ■ ■ ■■ 1

Treatments * Varieties
:vi .*.. ,

V2 v3 . V4. V5. Mean
Tg Urea 2% 760.3 689.3 799.6 691.3 664.6 721.02
T* Planofix 

200 ppm 761.0 708.6 819 .0 642.3 672.3 720,64
T4 Urea 2% + 

P 200 ppm 809.0 743.3 842.6 684.6 691.6 754.22
T* Planofix 
* 400 ppm 778.3 726.3 8 3 6 .0 656.3 673*3 734.04

ta Ureo 2% + 
P 400 ppm 833.3 788.6 . 6 8 6 .0 „ 725.6 714.0 789 ,50

Tj control 716.0 611.0 653.6 6 0 6 .0 602 .6 637.84

Mean 776.31 711.18 806.13 667.68 669.73

*F# test for sub-plot treatment a Iona la significant
S.E.(m) + .for oub-plot treatment o 7.7488
S„E. (m) + for suflb-plot treatment at the same level of .

M.P.T* « 17.3268 
C.D. at 0.05% level for S.P.T. 22.000 
C.D.at 0.05% level for S.P.T. at the same level of 

M.P.T. 49.196 
(P a Planofix)
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tl) Srasb rMzoroa (5O0£?Ro/variefcy) o£ varieties V̂ (G!i&na)
V2 (Karan) » Rib-tis-s&neiro# (ThlnlGdiaa) ssel
V„ (sierra loon®)*5

(2> Sfeisecm© yiel^lant of variety (China.) as iKfiacxxeei
by the various sub-»plot trenfcrents* Orea ctj<2 *

(3) Bhisoma yield/Plant o t variety tfharan) as ln£3acncQQ'
by the various r-ub-plct treatments s tJroa and l3iaho£iK*



8 l-IATE *—

Cl) t&uL?.ocns yoilc^&l&irt o f  v a r ie ty  V~ (EHo-s3Q«Jcinciro) 

os in fluenced  by tb© various su b -p lo t  fcrootRonto a 

Ur c-B ©nd P lano flx *

(2 ) ' Rhlsome ysiltV^^Anfc o f v a r ie ty  V* C^hinlndiwR) cc
S i

Influenced by tho various su b -p lo t treetrsontss 

Unrca end F la n o fix .

(3) Hhi-nam© yield/ Plant o£ variety (sierra Jeos.a) 
$c Influenced by the various cub-plot trcatRoafc3s 
Urea and Plarofi:; •
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TABLE 12 (e ) . EFFECT OF UREA AKD PLAHGPIX Oil TED HECTARE YIELD
WITH RESPECT TO TBS DIFFERENT VARIETIES (UK1T -
QUXETAIS PER HECTARE)

  ■—  ■!----. . ..-------- — i -
Treatment® I Varieties

ivi V2 V3 V4 V5 Mean
*2 Urea 2% 304.12 275.72 319*84 276.52 265.84 283.41
*3 Planofix 200 ppm 304.40 263.44 327.60 256*92 268.92 288.26
*4 Urea 2% ♦ P 200 ppm 323.60 297.32 337 .04 *273.84 276.64 301.69
TS Planofix 400 ppm 311.32 290.52 334.40 262.52 269.32 293 .62
T6 Urea 2% + P • * *

400 ppm 333.32 315.44 354*40 290*24 .265.60 .315.80
*1 Control 266.40 244*40 261.44 242*40 241.04 255.14

Meend 310.53 284.47 322.45 267*07 267.83

C.D. for sub-plot treatments at 0.05% level 8.00
% ,C.D. for sub-plot treatments at the same level of

M.P.T. at 0.05% level 19.68
(P " Planofix)

v/fth regards to the effects due to the subplot treat
ments (Urea and Planofix) Table 12(a) the maximum yields were 
recorded by T̂., which was significantly superior to ail other 
treatments, followed by T̂ , Tg, Tg, and . iJowover, Tg,Tg 
Tg remained parallel, though they remained significantly
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superior to (control) • It was further observed that the 
same pattern was maintained in the cases of per Plant yield 
(12(e))* Wot plot (Table 12 b) yield and hecatra yield 
(Table 12 c) • Ttie hectare yield for Tg was 315 *00 quintals 
followed by T^ with 301*69 quintals* Tg with 293*62 quintals# 

with 288*41 quintals T^ with 288.26 quintals* While* 
(control) gave only 255*14 quintals per hecatara.

The interaction between■ tho varieties and Uroa end . 
Pleno'fix was not significant* The treatment produced the
maximum recorded yield of 354*40 quintals per hectare end Vg 

produced the minimum yield 241*04 quintals per hectare* .

Volume of fresh ginger#.

Volume of fresh ginger Was calculated to find out the 
specific gravity and as a measure to compare the shrinkage 
during storing if any* The data ore represented in Table 13*

The statistical analysis showed that there was no 
Significant difference either between the varieties or 
between tho sub-plot treatments, however# there wero apparent 
differences noticed (Table 12)* Thus V^ had tho maximum 
volume of 91.09 followed by V3 with 89*85 ml* with 
88*54 ml#. Vg with 87*95 ml and showed only 86*64# which 
was the least value Obtained* In the case of sub-plot 
treatments# Tg recorded the maximum volume of 90*33 ml Tg
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STABLE 13 • EFFECT OF UREA MID PLAKCFIX 0?i VOLUME OF FRESH
GIEGER WITH RESPECT TO VARIETIES (UHIT-VOUJME

OF 100 GRAMS)

Treatments
"f— - «» Varieties
;vi V2 V3 V4 V5 Mean

Urea 2% 92*51 86*59 69*44 86*01 89.1# 88.74

** Planoflx 200 ppm 90*03 89*13 90*02 66*42 37.39 88*40
Urea 2% +
P 200 ppm 90*06 87*16 91*21 86*42 86*06 88*18

*5 Planoflx 400 ppm 92.21 89.80 - 88.79 85*49 89*48 09*17

S6 Urea 2% +
P 400* ppm 92*94 91*73 89*97 87*86 89*16 90*33

*1 Control 38,81 87.70 89*66 87*61 86*45 86*06

1‘tean 99*09 88*54 69*65 86*64 87.95

•p* test not significant 
(P * Planofix)

89*17 ml, Tg 88*74 ml, T^ 88*40 ml, 88.18 ml and 3^
88*06 ml which was the Iciest*

Specific gravity of rhizome: Tho data represented
in Table 14 showed the specific gravity of rhizomes of different 
varieties under tho influence of Urea and Planoflx* Cut there 
Was no significant difference between them* Thus variety



TAEU5 14. SPECIFIC GRAVITY AS AFFECTED BY URtA AtfD
PZAKOFZX WITH RESPECT TO DIFFEREfclT VARIETIES 
OF GIH3ER.

« 87 *

Treatments ; I•« Varieties
i i vi V2 V3 V4 V5 Kean

*8 Urea 254 1.082 U5S 1.118 1.162 1.123 1.126

*3 Planofix 
200 pis 1.113 1.136 1.108 1.161 1.144 1.132

S4 Urea 256 +P 200 ppm 1.103 1.148 1.099 1.156 1.162 1.134

T5 Planofix
400 ppm 1.061 1.112 1.126 1.136 1.117 1.114

*6 Urea 2% +
P 400 ppm 1.076 1.091 1.111 1.138 1.121 1.107

T1 Control 1.126 1.140 1.115 1.142 1.156 1.136

Mean 1.097 1.130 1.113 1.149 1.137

*F* test cot significant
(P - Planofix)

recorded special gravity of 1*149, followed by V- with 1*137/ 
Vg with 1*130/ V3 with 1.113 and with 1 *037. Among the 
sub-plot treatments (control) recorded the msxlnm 
specific gravity of 1.136# followed T^ with 1.134# with
1.132# Tg with 1.128 and Tg with 1.107 which 1c tho lowest 
value*

Recovery of Dry Gingers Table 15 represents the date 
on the r ecovory of dry ginger from green ginger in percent-*
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TA B LE  1 5 . PERCENTAGE RECOVERY OF DRY GIlKSi.R  A S  A FFECTED  B Y

UREA A ID  PLANGFXX W ITH RESPECT T O  VARIOUS V A R IE T IE S

OF GINGER (U H I T -  PERCENTAGE)

TTreatment© Varieties
I V1 V.

Tg tire© 2%

T« Planoflx
'* 200 ppn
Td Urea 2% + 

P 200 ppm
Te Planoflx

400 ppm

T- Urea 2% 4* 
^ p 4oo ppm

T„ Control 1

19.16 23.76 18*70
[26.10) (29.17) (25.62)
19*70 23.26 18.06
(26.34) (2B.83)(25,15)
20.90 24.06 18*30
(27.20) (29.37;(25.32J
16.63 23.66 16.60
(25.57) (29.10)(24.03)
13.03 22.53 17.16
(25.12) (28.33) (24.47J
24.16 24*00 17.46

V4 V5 Mean
23.76
(29.17)

22 .60 
(28.30)

21,60
(27,68)

22 ,93 
(28.61)

24,00
(29.31)

21.59
(27.64)

21,36
(27,53)

23.56
(29.04)

21.64
(27.69)

21,96
(27,93)

24.06
(29.37)

20.98 
(27.20)

20,53
(26.94)

24,06
(29.37)

20.46
(26.64)

24.13
(29,39)

24.20
(29.46)

22.79
(28,46)

Mean 20.09 23.54 17.71 22.44 23.75
(26.62) (29.02) (24.87) (28.26) (29.12)

*F* teat for main plot, sub-plot treatments and their 
interactions arc highly significant

s.E . (ra )  +

(1) For main plot treatment 0.230
(2) For aub-plot treatment 0.223

C.D.at 0*0554 
0.75 
0.63

(3) For subplot treatment with
the same level of M.P.T • 0.499

(4) For main plot treatments with
the same level of S.P^p . 0*690

1.42

2,12

(Figures in parenthesis indicat e angular transformed values) 
(P * Planoflx)



ago bo affected by Urea and Planofix with respect to 
different varieties•

The statistical analysis rovealed that varieties, 
sub-plot treatments (Urea end Planofix) and their inter
action were significant* Among the varieties, Vg recorded 
the maxlmm percentage recovery of 23*75% closely followed 
by Vg with 23.54* These-varieties showed no significant- - 
difference between themselves but superior to all other 
Varieties in the order of V^(22,443*)V^- (20,09%)- and V^ - 
(17.71%)• V^, V% end Vg-showed-significant diffiarenca ■ 
between themselv&e.

In the case of sub-plot treatments control had Signi
ficantly superior value® ever all other treat-mooto with' 
22.79% of recovery, followed by with 21,64, T^ (21*60%)
T3 (21.59%), Ts(20.90%) and Tg (20.46%)* Among these, 0?4, 
Tg, l'3 end Tg did not show any significant diffarenco 
between themselves.

Table 13 indicated that the interaction was signi
ficant showing the differential response between tho 
varieties to different sub-plot treatments* Thus Vg 
recorded the maximum recovery (24.20%) and Tg records 
the minimum of 16.60%, In the cose of sub-plot treatananta 
with respect to variety V2 end Vg there was no significant 
difference. With respect to variety there were signifi
cant differences between tho treatment and (24*18)

. t 89 ft
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ys&8 superior t o  a l l  o f  them* However, Tg recorded 

10*03% o f  recovery . In  the v a r ie ty  Vg, Vg and Vg Tg 

had 24.06% and 22.53% resp ec tive ly  • With regards to  V y  

V3Tg(16.60j4) was s ig n ific a n tly  in fe r io r  to  a l l  o ther 

treatm ents• Though VgTg recorded 16.70% o f  recotf&ry o S  

dry g in ger th ere we© no s ig n ific a n t d iffe ren ce  botuodni ’

V3 T2, t3 t 4, VgTg, V3 T^ and Vg Tg in  feho order o f  m erit. 

In  the case o f v4, gave 24.13% recovery which woo tho 

maximum and T^ w ith  20.53% as the va lu e . There

is  no s ig n ific a n t d iffe ren ce  between T^, V4 Tg and V4 

Tg and between V4 Tg, V4 Tg and V4 Tg os w e ll aa V^Tg,

V4 Tg and v4 T4 d id  not ©how any s ig n ific a n t d iffe ren ce  

between thanselves* V^T^, v4 T4 end V4 T^ were a lso  

s im ila r  in  th e ir  e f fe c t .  Under tho v a r ie ty  Vg, Vg T^ g iv e  

the maximum o f 24.20% and Vg Tg w ith  22.60% os th e minimum 

percentage o f  recovery.

The response o f  Vg , V^, V4 end Vg w ith  respect to  

T^ was s ig n ific a n tly  d iffe r e n t  from Vg. In  th is  case VgT^ 

gave th e minimum recovery o f  17,46% « Tho response o f  Vg, 

V4 and Vg to  the treatm ent Tg vjos superior than th a t o f  

Vg and Vg • V a rie tie s  Vg, Vg and showed preference* to  

Tg than that o f and Vg, Almost same trend o f  e f fe c t  

was recorded in  tho case o f other treatm ent a lso , but the 

order o f preference in  the case o f  was Vg, v g end V4
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instead of V^# v4 for T£ and in the case of Tg* 
izis superior to all other except V2 Whereas there was no 
significant difference between Vj and V4 or V4 and or 
Va and V3,

Dry Ginger Production per hectares Tho data go dry 
ginger production -per hectare is represented in TdblQ 16 
and figure ho • The statistical analysis showed that 
only the sub-plot treatments and interaction were signi-

V

ficant but not the varieties* Among varieties Vg produced 
the maximum dry ginger of 66 •94 quintals whereas tho next 
best variety Vg produced 63*68 quintal© only* The dry 
ginger production of oilier varieties were to the tunc of 
62*16 quintals (V̂ )* 59.69 quintals (V̂ ) and 57*19 quintals 
<V3) i.e. V3 produced the lowest quantity of dry ginger 
as observed from the table indicated before*

Among the sub-plot treatments* T^ producing 64*85 
quintals per hectare was significantly* superior to Tg 
(61*04 quintals/ha) and T2 (61*75 quintals/ha) but between 
T^# Te# T3 and T2 os well os between Tg# and S?2 and
between Tg and Tg aa well os between T̂ , and T?2 and
between and T^ there wore no significant difference*
However* produced the minimum quantity of 58*03 quintals 
per hectare of dry ginger*

s 91 a
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TABLE 16. DRY GINGER PRODUCTION AS AFFECTED BY UREA ADD
PLANOFLX WITH RESPECT TO DIFFERENT VARIETIES
OF GINGER (OtttT -  QUINTALS PER HECTARE)

} Varieties
! vi V2 V3 V4 VS Bean

T2 Urea 2% 50,10 65,52 59.06 65.21 60.06 61.75

*3 Planoflx 
200 ppm 60,22 66,00 59*10 58.99 64.93 61.85

*4 urea 2% + P 200 ppm 67,47 71,57 61,80 58.10 65.29 64.85

*5 Planoflx 
400 ppm 57,98 68.78 55,52 58.24 64,66 61.04

*6 Urea 254 + 
p 400 ppm 59,95 71.08 60.98 59.62 68,00 64.09

S1 Centro 1 69,22 58,69 45,87 57*99 58.37 58.03

Keen 62,16 66.94 57.19 59.69 63.68

«p» test for sub-plot treatments and interaction aro highly
significant- f t S.E. (m) + C.D.at 0.0!

(1) lor sub-plot treatments l.:1130 3.16
(2) For ©Ub-plot treatments with some 

level of M.P.T. ' 2,'1886 7,07
(3) For meinplot treatment with some 

level of S,P,Tr. 9,5960 31.06
(P ** Planoflx)

Further the data on tho production of dry ginger at 
the ultimate plot level represented that, the maxima dry
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ginger production wae recorded by the treatment confcins#* 
ticn VgT4 (71.57 quintals) and the minimum by Tj (£5#87 
quintals)* The data given under each of the main plot 
treatment revealed that under the variety the treatment 
combination recorded the ©aSiisuio dry ginger predi
ction (69,32 quintals) closely followed by T^ with 
67*47 quintal© though they did not differ significantly 
with each other* Similorily# treatment 'coitbinoticmD VjT3#

T6# T2 and Tg followed in the order of merit to 
the above treatment ooirfclnatien which wore not significant
ly different* However, they were inferior to Vj and T^ 
and Vx T^ in the production of dry ginger* In the case of 
variety V2 the treatment combination produced 71*57
quintals/ha of dry ginger followed by V2 26# V2 TS# V2T3'
V2 T2 and Vg T^*.However# between V2 end V2 ,Tg there 
waa no significant difference* She effect of chemicals 
(cub-plot treatments) on the variety revealed that 
treatments V3 T^# T^# v3 1’2# V3 T3 and V3 Tfi were
significantly superior to V3 (45*07 quintals) though 
there was no significant difference between themoolvco •
The variety showed more variation in this regard* Thus . 
V4 Tg (<35*21 quintals) was superior to T^# T3 and 
to Tg and was significantly superior to T^ and 
V4 T ^  Under the variety Vg# tee treatment combination 
VS *iaca ^Q*IS0 quintals which was significantly superior 
to Vg Tg and Vs T,̂  (60*06} and 58*37 quintals respectively) *
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but among V£ Tg, VgT4, v5 T3 and Vg Tg as well as between

V5 V5 T3* v5 ^5 and v5 T2 and V5 T 1 to V5 *5 thcSQ 
were no significant difference*

When the effect of individual treatments on tho 
Varieties wore compared it was seen that in the case of 
T^, produced the maximum dry ginger (69*22 quintals)
Whereas, produced the minimum quantity of 45.87
quintals per hectare* For treatment T2, V2 Tg produced the 
KMdmum quantity (65*82 quintals Iwhile Tg tlie Gdnisoum 
of 53*10 quintals of dry ginger per hectare* In all tho 
other chemical treatments (T^ to Tg) also V2 recorded the 
higher production of dry ginger* In the interaction between 
different varieties with chemical treatment. T^# T^ and Tg# 
treatment combination Tg, and y^ T^ produced the
minimum dry ginger while in the case of Tg, treatment 
ecrribination Tg produced the minimum dry ginger per
hectare* Thus the varieties showed differential response 
to Various eub-plot treatments*

Storage Studies

Weight loss during storage 1 Data on the weight loss 
of ginger during storage in the laboratory conditions arc 
presented in the Table 17* The statistical analysis proved 
the existence of significance difference with the, varieties 
and the interaction whereas, the sub-plot treatmont is not 
significant*
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TABLE 17* EFFECT OF UiBA, P2ANGFIX ON WEIGH? LOSE DURING
STORAGE WITH RESPECT TO Tiffi DIFFERENT VARIETIES
OF GINGER .(90 DAYS OF.STORAGE) (tSHIT-PERCSimGE)

Treatments
" T"»1 ... Varieties
i vi V2 V« V4 5 Mean

*2 Urea 2% 46.93(42.65)
46.47
(42.93)

48.60
(44*18)

52.60
(46*49)

47*13
(43*34)

48*15
(43*91)

T3 Planoflx 
200 ppm

51.70
(45.98)

40.60
(39.57)

58*13 • 
(49*73)

30*90
(33.74)

50.03
(45*02)

46.27
(42*00)

Urea 2% + 
P 200 ppm

36.27
(36.92)

35.03
(36.26) 52*40

($6.38)
38.80
(38.43)

51*6?
(45.96)

42.83
(40.79)

*5 Planoflx 
400 ppm

44.60
(41.88)

29.13(32.65)
50.57
(45.31)

52*03
(46*17)

41.47
(40*07)

43.56
(41.21)

*6 Urea 2% + 
P 400 ppm

38.13 ' 
(38.07)

42.83
(40.80)

46.33
(42.89)

42.13 
(40.42),

43.70
(41.37)

42.62
(40.71)

T1 control 41.33.
(40.58)

36.60
(37.21)

49.37 „ 
(44 *63 )

47.27
(43*42)

40*57
(39*49)

43.23
(41.06)

Mean 43.16
(41.01)

38.44
(38*23)

£0.90
(45.52)

43.95 
(41.44) 45*76

(42*54)
*F* test for main plot treatments (varieties) and interaction 

are significant .

(1) Main plot treatment .
(2) sub-plot treatment
(3) Sub-plot treatments with same

level of M.P.T
(4) Main plot treatment with same

level of S.p.T

s.E. (tn) +

1.291
1*071

2*396

3.622 .

C.D.At 0.05%
level
4.21
3.04

6*60

11.17
(Figure® in parenthesis represent the angular value) 
(P ■ Planoflx)

i
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As seen from tee Table 17 it is noticed that tee 
weight loss of rhisomsa was the maximum with the variety 
V3 (50*90%) followed by V5 (45*76%), (43*95%),
(43*16%) and Vg (38*44%)* Tho weight loss o£ variety 
was significantly higher than those of and Vg whereas 

and Vg were closer to that of V3 as they did cot differ 
significantly*

Among the sub-plot treatments there were no signi
ficant difference existed among themselves* However Tg 
(48*15%) had the maximum loss of rhizome weight followed 
by Tg (46.2!?%) T5 (43*56%), ^  (43*23%), T4 (42*83%) end 
Ts (42 *62/*) * Thus the weight Xoss in was tho lrA?ost and 
Tg the highest*

The data on the ultimate plot ao presented in Table 
17 Indicated that T3 recorded the maximum weight loss 
(50*23%) of the-rhizome while treatment coirtoination Vg T£ 
recorded the minimum (29*13%) Value* Within the variety, 
the weight loos, of variety (Chins) as effected by the 
Chemicals had the highest percentage for T3 (51*70%) 
whll© for V2, V2 Tg (46*47%), for V3* V3 Tg (58*13%), for 
V4, V4 T2 (52*60%) and for V&, Vg T'4 (51*67%)* While the 
corresponding minimum loss woro recorded 'ly V̂ iV, (36 .27%) •
, However, there? were no significant difference among tho 
sub-plot treatments with reepcct to the variety V^»
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With regards to variety V^# the treateenfc conbinationo
did not differ significantly so compared to the control*

11

However* V2 Tg had the minimum' loss (29*13%) yhcrrag# 
had the maximum loss (46.47%) • With regards to V^i 

there were no significant difference of various treatments 
with the control (V^ T^) but had the lowest percentage 
and V3 T3 had the highest percentage of weight loco of 
the rhizomes* Under variety treatment combination
V4 Tg had significantly lov.er weight loss compared to tho 
control (V4Ta) and V4 had tho highest percentage of 
weight loss* With regards to variety Vg# there wero no 
significant, differences among tho treatment coaiainaticti* 
However# control (V^T^) had the lowest value whoreas# 
had the hipest value*

The maximum weight loss in T^* and wcro
recorded by V3# and had registered the maximum Iceo in 
Tg and Tg* however# the minimum values wees recorded with 

. Vg having T^# and Tg treatments * The effect of ehomicol 
treatment ^  ancl on various varieties indicated that 
variety had the minimum weight loss whereas treatment 
Tg could minimise the weight loss of variety as compared 
to the rest of the four varieties*

Volume loss During Storage* Table 18 represents the 
volume loss during storage* In this case also like tho 1 
weight loss of the rhizomes* the varieties and interactions
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TABLE IS* EFFECT OF UREA AMD PIAECFIX CN VOLUME LOSS DUKIKG
STORAGE WITH RLSpECT TO DIFFERENT VARIETIES OF
GINGER. (UU1T -  PERCENTAGE)

Treatments Varieties
I vi

Tg Urea 2% 4< .03 
(41,55)

T. Planoflx 47 <203 200 ppm (43.30)
T. Ure a 2% «• 31.37

P 200 ppm(34 ,03)
Tj- Planoflx 40.80 
53 400 ppm (39.66)

T-. Urea 2% + 35.93
® P 400 ppm (36*74)
T. Control • 37.93 
1 (38.00)

Mean

41.20 42.23 52.03 40*53 44.00
(39.82) (40.52) (46.17) (39.50)(41.52)
36.27 47.50 21.80 39.47 38.45
(37.02) (43.56) (27.53) (38*83) (38.07)
29.87 48.67 33.07 45.13 37.62
(33.03) (44.23) (35.00) (42.19) (37.70)
29.27 47.37 40.87 33.47 39.36
(32.64) (43.46) (39.70) (38.33)(38.75)
34,93 42,00 41.67 37,80 33.47
(36.10) (40.39) (40.19) (37.90)(30.26)
32.63 46.73 44.30 31.83 38,68
(34,70) (43.12) (41,71) (34.10) (38.34)

Mean 39*54 34.03 45.75 38.96 38*87
(38.69) (35.56) (42.54) (38.42) (38.49)

*F' test varieties mein plot treatments and Interaction ere 
significant.

S.S.(n) 4
mm

C,D, at 0.059*
(!) Main plot treatments 1.074 3*49
(2) Sub-plot treatments with seme

level of main plot treatment 2.384 6,76
(3) Main plot treatments with the

same level of sub-plot treatments 3.242 9.94
(Figures in the parenthesis represent the angular transformed 
Values)

(P •» Planoflx)
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wore significantly different whereas#treatments (chemical) 
alone were not significantly different with each other•

Among the varieties Vg recorded the maximum volume 
lose (45*75%)# followed by (39*54%) * However# the 
minimum volume loss was registered by Vg (34*03) * Dut 
there was no significant difference noted ‘ between Vg#
V7, Vg and V^ ao well as V^, Vg# and Vg*

Atoong chemicals# Tg (44*00%) ranked -highest
(37*62%) ranked the least*

lo s s  arid

Varietal response to various chemical treatments
»  *  ■ «  '  '

revealed that in the case of V^# V^Tg (47.20%) had the maxi* 
mum loss of volume while (31.37%) the least Value* 
While# with Vg variety# the maximum volume loss was with 
the treatment combination Vg Tg and Vg Tg was the least. 
Under variety Vg# the maximum loss was recorded with VgT^ 
and the minimum with Vg'î  • As regards variety v  the 
maximum loso was found with the treatment cortblnaticn V̂ i'g# 
end the minimum lose with Tg whereas# with variety Vg# 
the highest volume loss was with VgT^ while# Vg T^ had the 
minimum* Tho response of varieties to individual treatments 
(Chemical) accounted the following results* In tho case of 
Tj# Tg and Tfi there was no significant prefemce shown in 
any of the varieties* With regards to treatment combina
tions Vg T1(46.73%)# VgTj'Ol.BSK); (52*03%). Vg Tg
(40*53%); Vg Tg(47*50%)f V4 Tg(21.60%); Vg T4 (40*67%);



V2 T4(29.87'̂ ); V3Tg(47.37»)j VgTg(29.2756)I VgTg(42.00%)f 
and V„T, (34.9354) had maximum and minimum values duo to the4S Q
chemical treatments (T^to Tg) as indicated abcva with 
respect to each of the varieties.

Damage during Storage (Rottage + Driage) t
The data is presented in Table 19. The statistical 

analysis revealed that only varieties and interaction were
y m r  i ■

significant and sub-plot treatment effects were not signifi
cant.

Among the Varieties recorded the maximum loco (59.6454) 
followed by VP (43.975*) • These figures woie significantly 
higher than the other varieties (V̂ , Vg, Vg) ♦ V2 registered 
the minimum damage loss of 7.90/4 only. However, thoro was

i

no significant differences between V^ and Vg, Vg and Vg,and 
Vx end V2.

Tho effect of chemical on the storage loss indicated 
that there were no significant difference® among themselves * 
Thus Tg (36.95%) registered the maximum loss while, tha 
minimum Vos with T .̂ (25.48%) and Tg (24*97%).

The interaction between varieties and Chemical wore 
significant* V4 Tg recorded the maximum damage (100%) whereas, 
in the cose of Vg Tg practically no loss was recorded. V^ Tg 
(40.66%), V2 Tg (16.33%), Vg Tg (53.33%), V4 T£ (100%) and Vg 
Tg (63.44%) were recorded in varieties V^, Vg, Vg, end V£ 
as the maximum damage figures, tho corresponding least figures 
were Vx T4 (3.55%) V2 Tg<0%), Vg T2 (13.88%), V^ TgUG.99%) and 
Vg T^(22.44%).

t ICO I
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TMSXE 19. EFFECT OF UREA AND PIANCFXX ON DAMAGE (ROT; AGE
MID miAGE OF RHX3CMES) WITH RESPECT TO DIFFERENT 
VARIETIES OF GINGER DURING STORAGE I UNIT * 
PERCENTAGE)

Treatments Varieties

?

?4

T<

:vi V2 V3 , V4 vs Mean
Urea 2% 13.10 16.33 13.83 78.00 63.44 36.95

(16.62) (22.41) (17.64) (71.89) (50*13X37.37)
Planoflx 26.88 7.77 53.33 10.99 56.60 32*73

200 ppm (30.05X13.27) (52.14) (25.13) (53*93)(34.90)
Urea 2% + 3.55 2.22 16.66 46.11 58108 25.48
P 200 ppm (6.36) (6.98) (23.70) (45.08) (55.46)(27.67)
Planoflx 19.10 0.0 22.77 100 *00 ■ 31*BQ 34.75

400 ppm (24.94) (0*0) (27.69) 8.o (34.04)(35.33)
Urea 2% + 40.66 5.55 16.66 31.44 30*55 24*97
P 400 ppm (39.32)(11.16) (24.02) (34.07) (33.18) (20.35)
Control 18.10 15.55 16.10 03.33 22*44 31.10

(24.96) (22.41) (23.24) (75.00) (25*07) (34.29)

Mean 20.23 7.90 23*23 59*64 43*97
(23.70) (12.70) (20.10) (56.99) (43.43)

*F* test for main plot treatment and interaction a m  significant
S.B.(rn) + G.D.at 0*05%

(1) Mein plot treatment
(2) Sub-plot treatments with same levol

of M.P.T,
(3) Mainplot treatments with a cm© levolof S.P.T
(Figures in the parenthesis represent tho angular transformed values)'

(P m planofin) .

level
4.68 15 .26

B.73 24.79

13.15 40*03
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Th© varietal response to the Individual treatments 
revealed the following. V4 (83,33%) shewed significant 
difference to ell other varieties, though, there w q o 'o o 
statistical difference among the other varieties and 
recorded the minimum damage (15*55%) in case of T^* V^Tg 
(76*00%) and V-T.oCl3.10K) recorded tho maximum and minimum

1  .  B 1 ■ w

damage Iocs with Tg, The corresponding items in tho tiaoe 
of Tg was ss ecu rod by T3 (56*65%) and Vg Tg (7*77%) * Vg 
again registered the maximum loss for Vg (56*88%) end 
Vg T4(2*22K) as the minimum for T^* In tho ease of Tg,
V4 Tg with 100% damage ranked firot which was significant 
over all other varieties* Vg Tg recorded practically no 
damage ices ()%)* V^T^ accounted maximum damage loos (40*66%) 
and Vg Tg the minimum lose (5,55%) in case of Tg* But 
practically there was no significant difference between 
the five varieties In their response to Tg*

Chemical Analysis

Recovery of Oleoresins Recovery of o2.oorec.in from
the various ginger varieties ea effected by the chemical 
treatments (sub-plot) ere; represented in Table 20* Tho 
statistical analysis registered © high degree of significant 
difference among the varieties, sub-plot treatments and 
their Interactions* Among tine five varieties Vg 
(Ric-de-Janelro) accounted the highest percentage of
oleoreoin (6*06%) content which was significantly superior

\
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SADIE 20. PERCENTAGE RECOVERY OF CLECRESIEI AE> AFESCTED DY 
UREA AND PLAKGFIX KITE! RESPECT TO VARIOUS GINGER 
VARIETIES (UKXT^PEUGEKTAGE)

Treatments •I■ Varietie s
I V.( 1f - - - ■■ V2 V3 V4 Mean

T2 urea 2% 5.74
(13,01/

S.70 
(13.73)

6*41
(14*65)

4*33
(11*96)

4.99 5.43 
(12.03)(13.39)

*3 Planoflx 
200 ppm

$.06
(14*22)

6*20
(14*40)

6*99
(15*23)

4*71
(12*47)

5*22 5*64 
(13.23)(13.91)

S4 Urea 2% + 
P 200 ppm

5*55 
(13,SG) 5.68

(13.75)
677

(15.07)
5*40

(13.37)
6*04 5.69 

(14*17)(13.90)
TpAS Planoflx 

400 ppm
6,66

(14*95)
6*07

(14.25)
7.05

(15.32) 5.01-(12*87)
5.89 6.14 

(13,97)(14.27)

T6 Urea 2% + 
P 400 ppm

7*35
(15*71)

7.24
(15*58)

8*00
(15.99)

4.45
(12.15)

S.,42 6,4$ ‘ 
(13*39)(14.56)

Control 5*44
(13*47)

5*51
(13*43)

5.97
(14*04)

4*61
(12*38)

5*16 5*34 
(J3.0D) (13.28)

1
2>Ssan G.13

(14*28)
6.06

(14.19)
6.86(15.05) 470(12*53) 5*45

(13.44)

*F* teat for train plot# sub-plot treatments at their intor-
actions are highly significant ■

S*E (m)' + C.D, at G.CSJi
(1) For main plot treatment 0*14 0,46
(2) For sub-plot treatment 0*13 0*37
(3) For sub-plot treatment with 

same level of M.P.T. 0.29 0.82
«i) For main plot treatment with 

same level of s*xJ*T* 0*41 1*25
(Figures in parenthesis represent tha angular values)

(P » Planoflx)
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to the rest of the varieties, however# variety (6*13̂ -) 
v q q the next in tlie order of importance £ollcw*d by Vg 
(6*06%)* Between and Vg there was no significant 
difference* Further variety Vg, produced only 5*45% whereas 
V4 accounted 4 *75% of oleoresin which was the minimum

jvalue# having significantly inferior value than ell other 
varieties»

In the case of sub-plot treatment, tq registered'the 
raaxinwra recovery {6*49%) of oleoresin content whfeto was 
closely followed by Tg (6*14%)* She minimum recovery of 
oleoresin v/as recorded with treatment £5*34%)# But ther® 
existed n® significant difference between and T^; Tg T^ 
and T3; end Tg and T^*

vThe interaction (Table 20) between varieties with 
tho chemicals was significant* In tho case os varieties V^# 
Vg eras Vg the treatment combinations Tg# Vg Tg and Vg 
Tg respectively recorded the maximum recovery of oleoresin 
while with V4, V\ T^ had th® maximum content and in the case 
of Vg also Vg T^ had the maximum oleoreasin content* JioHever# 
V4 Tg and Vg Tg accounted the least recovery of olcorooin 
in (4*33%) and (4*9X3) in case of varieties V^ and Vg* 
it was further observed that in ell cases (Table 20) V„ 
having tho chemical treatments invariably had tho superior 
effect while * with such chemical treatment woro in—
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forior even when compared with the control* However#for 
treatments Tg end T^ the varieties Vg Vg and V^ and Vg 
were better than th© V^*

Oleoresln Production on Hectare Basie I Table 21 
represented the oleoresln production per hecare. The 
statistical analysis shewed that varieties# sub-plot treat
ments and interactions are significant*

The variety Vg accounted the maximum'production of 
oleoresln (4G3.27Kg,/ha) which was significantly superior 
to V4 (264*33 Kg,/ha) but not significant oyer other 
varieties Vg (390.22 Kg./ha)# Vx (378.83 Kg,/ha) and Vg 
(347*83 Kg,/ha), There was no significant difference
existed between V, and V*.5 ♦

Among the sub-plot treatments# T^ registered tho 
maximum production of 411*73 Kg./ha which was significantly

J

superior to all the other treatments* T^ accounted tho 
loast oleoresln 309*46 Kg./ha. There was no significant 
difference between T^, Tg and Tg* Tg and T2 as well as 
between Tg and T^*

As observed from the Table 21# it is also further 
noticed that# the treatment confcination Vg Tg recorded the 
maximum (517*33 Kg ./ha) and Tfi the minimum (260 Kg,/ha) 
of oleoresln when all the individual plots wore compared.
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TADIE 21 • EFFECT OF UREA AND PIANCFXX ON TI1B OLEORESIN
PRODUCTION WITH RESPECT TO VARIOUS VARIETIES
OP GINGER (UNIT -  KILOGRAMS PER HECTARE)

II VarietiesQWuUllWI? j( 
• !V1 V2 V3 V4 VS Mean

Usee 2% 333.33 373.33 383.33 284.00 300*67 334.93

*3 Planjfofix 
200 ppm 365.00 410.33 412.00 280.33 336*33 360*79

Urea 2% ♦
P 200 ppm 373.67 407.67 416.67 317.00 395*67 382*13

TS Planofix 
400 ppm 384.33 417.33 390.00 290.33 379*67 372.33

Urea 2% ±
P 4co ppm 440.00 517.33 464.CO 266.00 371*33 411*73

*1 Control 376.67 323.67 275.33 268.33 303*33 309.46

rjean 378.83 408.27 390.22 284.33 347.83

•F' test for main plot treatment* sub-plot treatment and 
Interaction ore significant.

s.E.(ra) + C*D*at 0.05&
(1) Main plot treatment 24.504 79*89
(2) Sub-plot treatment 9.59 27*03
(3) For aub-plot treatment with Same

level of M.P.T 21.285 80*43
(4) For mein plot treatment with same

level of S.P.T 58.136 186.82
(P - Planofix)



within the main plot treatment as indicated in tho table# 
higher oleoresln production was registered for variety .
Vj with treatment combination Tg# for variety Vg it 
woa with V2: Tg and for V3 it was with V3 and for 
and Vs thestt were with V4 T^ and vg T4 with regards to the 
corresponding minimum values T^ in case of T^
in case of . V^# V3 in caae of V^# V4 Tg in cane of V4 
and Vg Tg in case of Vg wore recorded* vJhon the preference 
of Varieties to the various sub-plot treatments v ifere 
examined# the treatment combinations T^ to Tg there were

j  .  i  5  '  1

no significant difference noticed#
r  • *  * ’

Crude fibre content of rhizcm@s

Crude fibre content of composite samples is represent-
, * , i  < ••

ed in Table 22*
%

Among the varieties# V3 accounted tho maximum crude 
fibre (4*56%) content closely followed by (4*45%#

t •  *  «■

end Vg (4*33%) and the least crude fibre content was 
recorded with the variety Vg (4*29%) •

The crude fibre content of the sub-plot treatments 
showed that Tg accounted 4 #32% which is the least value 
ecsopamed to the other* The maximum fibre content was 
recorded with T^ and T^ (4.44% each) who re as, Tg# T^ and

« 107 s

\
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TABLE 22. CRUDE FIBRE PERCENTAGE /is AFFECTED BY UREA AED 
PIAUCFIX (C0MP0SIT SAMPLES) WITH RESPECT TO 
DIFFERED VARIETIES OF GINGER (UNIT - PERCENTAGE)

Treatments
■i .....»1 1 .

■ Varieties
: vi V2 V3 V4 V5 Mean

fTl*2 Urea 2% 4.90 4.25 4.10 4*60 4*30 4.43

*3 Planofix 
200 ppm 4.10 4.SO 4*60 4.30 4*50 4.44

*4 Urea 2% + 
P 200 ppm 4.50 4.30 5.00 4*40 4.00 4.44

*5 Planofix 
400 ppm 4.20 4.00 4.90 4.40 4*20 4*34

*6 Urea 2% + 
P 400 ppm 4.10 4.30 ' 4.30 4*20 4.70 4*32

*1 control 4.20 4.40 4.40 4*00 4.30 4.42

Kean 4.33 4.29 4.56 4.45 4.33

(P * Planofix )

T2 produced 4.34#, 4*42% and 4*43)6 of crude fibre respectively.

The average data presented on crude fibre content of 
the rhizome (table 22) indicated that there ftas difference 
among the five varieties studied and.the application of 
chemicals (sub-plot treatrnent)had soma effect on tho fibre 
content* Thus# V2 Tg* V<- T^ had only 4*00)4 of fibre compared 
to their respective control T^ and Vg having 4*29 and
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4*33 respectively* However# Vg T^ had the maximum fibre 
content of 5*00% as compared to all tho 29 ultimata plots 
Included in ths experiment,

correlation Studies

Yield and growth Characters » The correlation coeffi
cient for Various growth characters and yield of fresh 
rhizomes ware worked out and presented in TobXe 23* Hone 
of the correlations had significant effect between the 
characters studied* Yield and height of plant# yield and
TABLE 23* CORRELATION BETWEEN YIELD AND GROWTH CHARACTERS 

A14D 0I£0RES1N AND G<UD3 FIBRE

Characters Correlation Coefficient

(1) Yield and height of plant + 0*102
(2) Yield and tiller numbor/ciuirp + 0.256
(3) Yield and leaf nurrSber/clurap + 0*302
(4) Yield and pseudostem thickness + 0.014
(5) Yield and leaf area - 0.06?
(6) Oleoresln and crude fibre % - 0*019

tiller nurnber, yield and loaf nu&ber# yield and thicl-noss of 
pseudosterc wore not significant whereas the yield and leaf 
area showed negative correlation*

Oleoresln and Crude fibre
The correlation Table 23 item (6) showed that these

Characters shewed negative correlation which was not signi
ficant*
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DISCUSSION

There are three groups o£ complex biological factors
which control the growth and yield of a plant. These ere 

\conveniently designated as Nutritional* Hormonal and 
Genetic factors of growth* A dynamic balance between these 
factors is needed to obtain the optimum growth of plants. 
Research works have proved that by manipulating those 
factors in conjunction with the environment under whidh 
tho plants are grown* a regulation of the sequential steps 
in plant life cycle can be brought about. Thus crop yields 
are the results of the interaction of biological and 
physical factors. To increase the yields of crops* it is 
necessary to optimise the combination of these factors.

The response of a plant to a particular treatment* 
the adaptability of the varieties* the pattern an crop 
grewth etc . are important * The response of the whole plant
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to a particular treatment is the resultant effects on its 
component parts* In ginger crop# the main components aro 
height of plants# number of tillers# la of number end 
rfoisome characters* In this present investigation on attempt 
has been made to study the interrelationship between differ
ent organs of the plant and their relative contribution to

/

yield and quality nnder the influence of various treatments* 
The finding of the above investigation has been presented 
in the preceding chapter* In this chapter a critical analysis 
of the findings has being made to establish a cause and 
effect relationship between the treatments and their 
performance*

Pro Harvest Studies

(i) study on germination of ginger » Tho present 
investigation revealed (Table 4) that variety Margo (V0 )

c #

is significantly superior to all other varieties with respect 
to germination except Thinladium (V^)* However# variety 
io superior to the other varieties like Rio-do-Jonoiro 
(V3># (China and Sierra Leone (Vg)* Hut there is no 
significant difference between and Vg* The superiority of 
Karan cn germination has been reported (Anon 1972) from 
Central Plantation Crop Research Institute*

Thus differential performance of varieties ray be due 
to the hereditary as well as the physiological characters of



/
the varieties* The condition of the seed materials nay also 
influence germination* When size of the gingers arc differ**
ant* the number of effective buds' available within tho size
/
of the seed rhizome may be varying* this may also cause
the differential germination rate* Further in big fingered
Varieties like China (V.), when pieces are matte for planting 
I 4
the cut surface which will come in contact with tho ooil 
is likely to be damaged by high temperature or other 
adverse soil conditions including incidence of disease and 
pest* msy effect the gemination of that particular variety 
than small or medium fingered ones* Evenoon jgfc al*(197Q) 
have reported that temperature at/or above 3S& may adver
sely affect the germination*

(11) Height of the Plant 3 The studies on the linear 
growth of ginger paeudostem as affected by Various treat
ments revealed significant effect (Table 5 a* b, c and Fig 
Ko. 2 a and b) • It is further observed that varieties 
and Vg had significantly more linear growth then varieties 

and Vg but V^ behaved similiar to V^ and Vg* All cub-plot 
treatments except Tg (Urea 254) were significantly superior 
to the control (T̂ ) « Further there was no significant 
difference between the varieties as well as between the 
sub—plots before the application of the sub-plot treatments

i  112 i
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were made and the maximum height: of the plants increased 
between 30 and 60 days after planting*

significant difference in height of various varie
ties is in confinrdty with the findings of Filial (1973) 
who reported tho existence of significant difference > 
between the varieties of gingerl • The height was also 
icfluerced by Planofix and combinations of Planofix with 
Urea (T^ and T^)# but the effect of Urea was not 
significant ever the control* The effect of bM. in droller 
concentrations have been reported by Singh and Upadhyay (1967) 
on Okra and Das and Padhi (1974) reported increase in 
height with Potato Plants by tin application of Urea 2% 
and Planofix 2So ppm as well as their combinations • ■

Prom the above it is obvious, that the varietal 
difference in height might bo due to fchevarletal of the 
characters of the individual varieties* The effect of 
Planofix al6ne and in combinations with Urea is likely to 
stimulate the harmonal mechanism of the plant* Thus helping 
to stimulate the linear growth of the ginger pseudooteme •
The effect of Urea is not prounced in the present study# 
this may be due to the fact that the easily available 
nitrogen was utilised for the rhizome development rather 
than for linear growth# since the spraying of Urea was 
done at the 125th day after planting which is normally the 
active rhisome development period rather than the active 
growth of the pceudOBtems• Further# .the stem length is a ,

I 113 l
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complex character Influenced by various factors in the 
order— rate o£ loaf emergence "> maximum temperature > 
Tissue moisture >  minimum temperature >  Total sugars 

^  green weigth of sheathe ^  age soil moisture
leaf nitrogen V  light* And domlnent factors arQ 

rate of leaf emergence* maximum temperature and minimum 
temperature according to elements1 (1964) as reported by 
him on cereal crops* 60 the interaction of these various 
factors with the variety and chemicals sprayed may bo the 
reason for differential linear growth of the ginger plant.

(ill) Thickness of main Paeudostcraa From tho very 
eorly stage of growth ao observed from the Table tlo* 6 

(a*b*c) and Figure h*o« 4(a«b) thevariefcies indicated 
significant difference among themselves but the varieties* 
sub-plots and their interaction had significant differences 
in the final stage (180th day) csvccthough the varieties 
had such effects soon after planting* Ao evident from the 
data it is observed that v2 and are definitely superior 
to all other varieties* Further the sub-plot treatments# 
as evident from the final observation shewed that these

i

two varieties had better growth (Thickness of pseudofltem) 
When Urea and Planoflx were applied rather than single 
applications of Urea# which did not show any significant 
increase in thickening the plant pseudostem# possibly

due to the application of Urea when the plants have reached
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the rhizome development stage* But Planofix alone hao 
significantly increased the thickness of pseudostem over 
the control. Further the interaction between the varieties 
with the chemicals also indicated that variety Vg was better 
than V4 ieventhough these two varieties were superior to 
the other three varieties (V̂ # and V^) •

The existence of varietal difference in growth character 
was pointed by Pillai (1972). Response of Urea 2% and its 
combination with Planofix was observed by Das and Pa&»i 
(1974) in their study on Potato.

From the study It is Obvious that the varieties showed 
preferential response to the treatments* The varieties which 
showed better performance in their early stages# responded 
well to the treatments also* The response of Urea in this 
regard was also not pronounced which may be dut to similar 
reasons indicated under the linear growth of the poeudostcm 
Further the stem grith Is influenced by various factors 
such as Tissue moisture >  age 7  lighh> leaf nitrogen >  
soil moisture maximum temperature >  rato of loaf emergence 

total sugars >■ minimum temperature (Clements 1964).
And moisture# age# light# and level of nitrogen etc. ore
domlnent. The interaction of these factors with tho varieties

!

and treatments might have produced the difference in atom 

thickness*
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(iv) Number of tillers per clump i The observations 
revealed that (Table No* 7 a* b* c * Fig No* 3 a# b) the 
nurrfcor of tiller production per plant significantly differed 
among the varieties* Variety (Rio-de-Janeiro) produced
the maximum nunber of tillers followed by (sierra leone) • 
Vg (Karan) produced medium tiller numbers but V^ (China) 
produced the least nutter* The effect of the chemicals on
the tiller nucfecr per plant were however* not significant*

*

but an apparent increase in tiller production was noticed 
with the treatments having the planoflx alone followed by 
Urea 2% and Planoflx Urea combinations*

Increase in branch number per hill in the ceea of 
Potato Plant treated by Urea 2% and its combination with 
Planoflx 250 ppm wee reported by Dos and Padhi (1974)* The 
increase in tiller production has also been reported in 
other crops like rice by the application Urea sprayo 
(Rao* 1961) * Further the effect of soil applied nitrogen 
have been reported by various workers* Rondhava and bendpuri

J

(1969)* Filial (1973), Muralidharon e£ aj., (I973)and (1974)* 
Dasaradhl eifc. a.l» (1971) also stressed the importance of 
nitrogen from the planting upto 2 CX) - 210 days of growth
t * '
of ginger because during this period the nitrogen consum- 
tion is more*

From the above it is dear that nitrogen or Urea
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helps to increase the tillor number of the plant©* Planofix 
also helped to Increase the tiller production* It is presu
med that the Urea and Planofix alone might have stimulated 
the underground parts to putforth more vegetative shoots# 
than the combinations of these chemicals# It is interest
ing to note that# the varieties which have more tiller 
nuobers in the oarly stages of growth continued to produce 
more tillers in their successive stages of growth and 
development*

The Urea and Planofix and their conbinotion did not 
significantly effect the production of more tillers compared 
to the control possibly due to late application 025th day) 
of such chemicals*

(v) jKunber of leaf production« The observations 
(Table No* 0 a,b#c and Fig Ho* 5 a#b) on the various stages 
of leaf production revealed the fact that# almost the same 
pattern of growth as that of tiller production wo© ©Iso 
followed* The variety (Rio-de—Janeiro) produced tho 
maximum number of leaves closely followed by V*. • They were 
significantly superior over others varieties and V^(C^ina) 
produced the minimum number of leaves * Tho sub-plot 
treatments failed to produce any significant increase in 
the leaf production* But there was on apparent difference 
in leaf production* Tho Planofix 4oo ppm (Ts>» Planofix



I 118 s

200 ppa (Tg) and Urea 2% (Tg) had Increased leaf produ
ction# followed by the confcination® of these two chemicals#

■9

These findings are in agreement with the findings
of Das and Sahoo (1973) and Das and Fadhi (1974) who

\

reported such affects in the case of Potato* Filial(1973) 
working with ginger stressed tha importance of nitrogen 
for better leaf production*

(vi) Leaf area a The studies on tho leaf area 
(Table 9) indicated (diet a U  the varieties did not differ 
among themselves significantly* But it is observed that 
the leaf area in the final stages of growth and development 
wore influenced by Urea aa wall as Urea and Planoflx 
ccdbinations • however* Planoflx alone have no pronounced 
results on the leaf area over that of the control* The 
varieties as well as interactions foiled to produce any 
significant difference in leaf area in the final stages 
of development*

The ef fect of Urea on the leaf area increase have 
been reported by Das and Sahoo (1973) and the effect of 
Urea and Planoflx by Das and Fadhi (1974) with Potato*
But in this observation Planoflx alone hod no significant 
effect on leaf area even In the final stage of growth of 
ginger plant* It is noticed that tho varieties growing

i



under similar environment behoved similarly on leave area 
in the case o£ ginger* The application of Urea + Planofix 
and even Urea alone significantly increased the loaf 
area compared to the control# which may possibly be due 
to the availability of easily available nitrogen and 
stimulation caused by the growth substance Planofix*

(vii) incidence of Pests and Diseases t (1) Incide
nce of Rhizome rot i Varieties Vg (sierra Leone) end Vj 
(China) were the maximum affected varieties in tho oarly 
stages of rhizome development while# variety Karan (V̂ ) 
had the least incidence* further It is also observed that 
then the plants of varieties Karan (Vg) and Sierra Lecne 
(Vg) crossed the early growth cycle and as they reached 
the final growth stage all the plants were (Khizome ro 
attack) free of the disease* As evident from the Table 
Ho* 19 (a# b# c)# China (V^) was the maximum affected variety 
during the final stage of growth* Thinledium (V^) end 
Rio-de-Janeiro however# were bettera than China though not 
significantly* There were no significant effect existed 
among the chemicals (sub-plot treatments) or with their 
interactions•

The above findings on rhizome sot infection arc in 
agreement with the findings of hair (1969) Who iiao reported 
about the tolerance of tho variety Karen and susceptibility

I 119 *
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of Rio-de-tfaneiro* Earlier reports on varieties china and, 
Rio-dc-Janoiro (Anon - 1965) with respect to rhiscsna rot 
are also in agreement with the present work*

It is quite likely that verities China end Sierra Leone 
night have carried the disease organisms through tho seed 
materials and even could HTvritf*- after the seed treatment 
was done# thus causing the rhlsctoe rot in the early stages* 
Another possibility is that as the rhizome size of these 
varieties are comparatively bigger# the cut surface of the 
planting material is more exposed in the soil for tho'
. disease organisms enter and thereby tha more severe attack 
might have been caused* Further the pronounced failure of 
germination might have helped ultimately for tha severe 
attack of rhizome rot in those varieties# because the rott
ing of imgerminated pieces might have helped the coloniza
tion of the disease organisms* which in turn started 
attacking the plants adjoining to it* The rainfall prevailed 
in this season must have aggravated tho situation further*
The treatment with the chesnut compound prevented further 
spread and saved the plants from complete destruction* Tho 
variety Karen may be a tolerant to the attack of the rhizomo 
rot caused by pythium species»

i

The attack of the disease in the later stages also 
revealed that Karan is tolerant and variety Sierra Leone 
also might have some resistance to such an attack duo to
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i
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Which these two varieties were free from rhizome rot in 
the inter stages# whereas# the other three varieties showed 
lesser resistance®

(2) scale insect attack e Maximum scale insect 
incidence was observed (Table 12# Fig 9) with (TMnladium)
followed by V& (Sierra Leone)# (China) and
(Rlo-de-Oaneiro) • The least attack was noticed with the 
Variety (Moran) • Though th® Various sub-plot treatments
and their interactions shaded varying extents of damage# 
they were not significantly so.

Tho differential performance in the attack of scale 
insect by tho various varieties may be due to various 
reasons • The first possibility is that the insect posts 
might hove been transmitted through the seed matorialo. As 
there was no notable synptoms at the tirr.G of planting# the 
seed materials are not disinfected against the scale insects. 
Thus what ever seal© insect colonies were present hidden 
with these seed material might hove been the source of 
further attack on the plant having varying resistance with 
different varieties.

It is interesting to note that almost the cane trend 
was maintained in the case of scale insect indidcnco as 
like the rhizome rot*
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(viii) Cotnpatibi 11 ty of Urea and Planoflx on Ginger i 
ho searching or an̂ r other burning systems duo to the 
spray of Urea* Planoflx and its combination wera noticed 
during the course of the present investigation* 2iio may 
bo due to the fact that llrca and Planoflx combinations 
are compatible and they are not phytotoxic to tho ginger 
plant at the concentrations*

Post Harvest studies■

(1) Yield of Rhie.ono« There was no significant 
difference between the five varieties studied with respect 
to yield# though there was considerable variation between the 
yield performance of the five varieties tested (Table 12 a#b 
end o)* However# Rio-de-Janclro yielded the maximum shiaosne# 
followed by Chine* The variety Karan rente third#

i

Sierra Loone fourth and Thinladinzn the fifth witl) respect to 
yield* Among the aub-plofc treatments T^ (Urea 2% + Planoflx 
400 ppm) recorded significantly superior yield* Further all 
the treatments were significantly superior to control (T^),
T^ (Urea 2% + Plsnofix 200 ppm) also recordd bettor yields 
m x t  to T^ though not significantly* However# T^ woo nearer 
to Tg (Planoflx 4oo ppm)* There was no significant difference 
between T& (Planoflx 400 ppm)# (Urea 296) end Tg (Planofix 
200 ppm) and the inter action between variety and chonical was 
not significant* It is further noted that the treatment



ooffbination produced the maximum yield end Vg produced
the minimum as observed fron this level *

The high yielding cap ©city of Rio«de-tf enelr© end Chine 
wer® reported by some workers (Khan 2959# Karman and Moir 1965? 
Tboeias 1966? Thomas end Kannan 1969? Muralidharan 1972?
Pillai 1973)* The studies made at the Agricultural Research 
Station# -Vr&alavayal# Kerala? Aaaacj os well es Himachal 
Pradesh aluo reaffirmed the superiority of thosa two varieties 
oyar other* and existence of variation between tho various 
Varieties of ginger* But works done at tho Punjab Agricultural 
Chivorsity from 1953*64 to 1966-67 did not confirm tho results 
in this regard* Eair (1969) reported that y»iriety f-faran was 
cupericr like -that of R Ao-cie**'fnnodro. Thomas and Kerman (1969) 
recorded the yield of variety Sierra Leon© as 14# 565 lbs per 
acre while Muralidharen (1972) recorded tho yield of Karen as 
25*392 £3*# Thinladium 11 #669 £5* and for Sierra hocm D#7?6 eg* 
of green ginger per hectare*

Thus it Is observed that oil tha five x*arietiCs studied 
under Bhubaneswar Agro-climatic conditions had varying yields# 
which was non significant# yet the differences ere visible*
This may be explained by the fact that erreotness of loaves#

«

height of plant# thickness of pseudostem* leaf onglo etc* 
might be tha accelerating factors which may influence the yield 
of ginger variety* Thus in the case of variety (Keren) the

I 123 «
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yield contributing factors might be the height of the 
plants# optimum number of leave®# optimum til lorn per 
plant and leaf area* The improvement in thickness of the stem 
also might have contributed in improving the yield* Similar
ly in the case of variety Vg (Rio—de-Janeiro) # the optimum 

, height# more number of tillers with more leave® might 
ho the yield contributing factor®* The yield contributing 
characters of variety (Thinl&dium) may b© tha height# 
nirrfcer of tillers and lesser leaf numbers with higher -leaf 
where# in variety Vg (sierra leone)# the.optiKsoni height

4  j

conditions with more number of leaves# tillers and bigger 
leaf area might be the yield contributing characters .

Yc»hida (1972) in his review on the physiological 
aspects of grain yitld# has correlated yield with some of 
the morphological character® of some of the grain crops#

. which principles may be true in the case of ginger crop 
which is a monocotyledon plant* he expressed the view that 
an optimum plant height having short# and small, leaves which 
are more evenly distributed then long and large leaves An a 
Canopy are better yielder than otherwise* Tanner c& ol*
(1966) expressed the importance of leaf angle and loaf width 
for selection of high yielding types* Tanaka et ol* (1966) 
opined the benefit of open tillering typo* Medium tillering 
has been recommended for rice varieties by Beachell ofc al* 
(1964)* That faster growth# excessively large leaf area 
beyond the optimum# which in turn are closely related to 
high tillering capacity may load to low yield were expressed
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by Takeda gt. al (1959)# Tanaka <gh ©1» (1964)# Tuunodfi 
(2964)* Friend (1966) further expressed that the varietal 
differences in the leaf photosynthetic rate may ho Aaused 
fcy the variety/ewironcient interaction since tho temperature 
and light regimes effects the morphological characters of 
leaf and since varieties differ in their response to changes 
in the environment* ft&teon (1947 and 1951) expressed tho 
view that the area of the surface , that intercepts solar 
radiation is the most important factor than the photcsyhthetic 
efficiency of leaf per unit* Thus the various factors 
discussed above might have Influenced the yield duo to the 
differences in their morphological characters of tho various 
ginger varieties*

The present investigation also revealed that the Urea 
and Planofix combination gave significant yield closely 
followed fcy Planofix alone or Urea alone though all the 
treatments were significantly superior to the control < V *

The importance of Nitrogen in improving the growth 
end finally yield has been reported by various workers* 
Ro&tiawa and Randpuri (1966) expressed that ft 100 Kg* also 
have improved the growth and yield of ginger* Muralidharan 
ct al* (1974) opined that 70 Kg. ft per hectare increased 
the number of tillers and yield of rhizomes significantly 
with some varieties, However# from their further studies 
on the application even of 50 Kg,/ha of nitrogen particu
larly to the variety Rio-de-tfsheir© started decreasing the
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yield* Dasaradhi (1971) stressed the importance of th© 
application of easily available nitrogen upto 200 to 210 
days after planting* The beneficial effect of urea es noil 
application has been reconmended by Rajan end Singh (1972) 
for improvement in growth and yield of rhizome* The effect 
of Urea sprays for improvement of yield in potato have 
been reported by Mehrotra ©t al« (1969)* Dae and Sohco(1973)* 
The improvement of yield by applying Urea 2% spray has 
been reported by Shanmugan and ThamfeumJ (2974) in the ca*e 
of sweet potato and Tapioca* The improvement in yield of 
potato by Urea 256 and its combinations with Planoflx had 
been reported by Tta» and Padhi (2974)* Freeland(1949) 
reported that M M  100 ppm stimulated photosynthesis by 10 
percent*

t

From the above it is evident that Urea and Planoflx 
and their combinations were capable of improving tho yelld 
of ginger* It is further observed that these cheasidals 
which have stimulated th© vegetative growth of the varieties 
concerned are responsible for manufacturing more elaborate 
food# by efficient photosynthetic activity* Tho excess food
thus manufactured# after meeting the requirements for plant;
growth and maintainance was mode available for the develop
ment of rhizome and stored in them* thus in turn elevating 
tho yield* Urea alone or in combination might have delayed 
the senescence of the leaves giving rise to more nusifcor of 
effective leaves per plant thus increased the photooynthctic
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activity o£ the plants end increased the manufacture of 
carbohydrate materials and finally resulting In an Increased 
yield of rhizome. The Planoflx alcngwith Urea night have? 
helped in this way since it conteint tskh aa the ectivo 
incredient•

I. *

Quality studies

Volume of. fresh qlnaprt ho significant difference 
existed between varieties, sub-plot treatments or thoir 
interaction (Table 13) • But among, the varieties fcao the 
maximum volume followed by V^# V^# and'V^* Among feho 
Gisb—plot treatments Tg (Urea 2% and Planofiiac 400 ppm) 
recorded the maximum volume and (Control) the Icaot voluice.

Thus it Is observed that China (V̂ ) has the bigger 
eissd rhizome and when treated with Urea 2% •*- Planofix 400 
ppm (Tg) the volume was still improved*

pacific. gravity of J&ilgarnss In this coco also no 
significant difference was noted among the varieties/ sub
plot treatment and their interaction* (Table 14)* l-lauaver, 
the maximum specific gravity was recorded by V4 followed 
by V5, Vg, V3 and in the order of merit* Among tlio chemical 
treatments* control (T^) recorded the maximum specific 
gravity and Tg (Urea 2% + Planofix 400 ppm) had the minirnurn.

Thus it is seen that varieties which produced rhlsomes 
having more volume showed the minimum specific gravity* It 1 c
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also observed that Planofix 200 ppm, Ursa 2 %  and Urea 
2% 4- Plano fix 200 ppm showed an apparent Increase of 
specific gravity over Fletnoflx 400 ppm and Urea 254 + 
Plonoflx 400 ppm*

The effect of Urea 294 and Plenofise 200 ppm and their 
cotdblnatlon produced an apparent Increase in specific 
gravity in the case of potato has been reported by Dos 
and Padhi (1974)*

Recovery of Dry Ginger

A close examination of recovery of dry ginger from 
green ginger (Table 15) showed that these varieties and 
sub-plot treatments were highly significant* Sierra Leone 
(Vg) variety recorded the maximum recovery, followed by 
Karan (V2>, Thinladiura (V^), China v,r(V^> and Rio-do-Jeneiro 
(Vj), respectively* Among the sub-plot treatments, control 
had the maximum recovery of dry ginger followed by Urea 
2% + Planofix 200 ppra (T^), Urea 2S4(T2), Planofix 200 ppm 
(T^) recorded more recovery than Planofix 400 ppm (T̂ ) 
and Urea 2% + Planofix 400 ppm (Tg) * However, the varioty 
and treatment eccrblnation v,- recorded the 
recovery whereas, T& had the minimum value*

The percentage recovery of Rlo-do-Janeird woo in 
agreement with the findings of Kanron and Hair(1965), but 
in the case of China they reported lower value (13*15^)*
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Souover, Thomas(1966)has reported 16.25$ of fcecovery 
with the variety Hio-de-Janeiro,

Aiyadurai (1966) in his review on the Research S cacao 
on ginger taken up at Wynad showed higher dry ginger 
recovery for Sierra Leona and low value for China and 
Rlcvde-Janeiro. Hair(1969) recommended the variety Karan 
for its higher dry ginger production* While Muralidharan 
(1972) reported the lowest percentage of recovery in the 
easo-of Rio-de«Janeiro hut he found no significant increase 
In the case of Maren and Nadia9 Tingpuri varieties. He has 
farl^r reported the percentage of recovery for Hio-de- 
Janeiro as -■ 14*93$9Maran as 19*83$, Ihinladiua as 21*03,5 
and Sierra Leone as 19,23$.

Thus from the above it is understood that in the 
present study also the varieties have produced better 
value in c»s© of percentage of recovery of dry ginger.

Das and Sahoo(1973) failed to get any significant 
difference in the case of 1000 ppm Planofix on the moisture 
content of Potato tubers while Das and Padhi (1974)reported 
that Urea 2,2 and combination of Urea 2$ and Planofix 250ppG 
increased the moisture eontont of Potato tubers i*e* 
decreased the percentage of dry matter content which is 
also true in the case of ginger*

Prom the variety with sub-plot treatment interaction 
it is clearly noticed that the varieties with control gave



corporately more recovery of dry ginger, than with chemical 
treatments*

Dry Ginger Production per Hectare

From Table 16 it was noted that the variety Moran (V3> 
had the maximum dry ginger per hectare followed by V  V  V4

end V3 however, they did not significantly differed among 
themselves# Among the sub-plot treatments (Urea 2% +
Planofix 200 ppm) produced the maximum dry ginger par hectare 
and (control) the minimum# The ultimate plot levels 
gave the maximum dry ginger whareas, Vg T^ the rainiat» while

V2 *2* V2 *3' V2 V  V2 V  V3 *3' V3 V  V3 V  V3 V  V4T2 
and Vj-Tg were significantly superior to T^*

The variation between the various varieties, oub-plot 
treatments is attributed to the percentage recovery of dry 

ginger with the total yield of fresh ginger*

Storage Studies

Weight loss during storage t The studies on the weight
loss of ginger rhizomes were studied (Table 17) end there were
significant effect# Thus weight Iocs was maximum with the
variety Vg (Rio*de-*Janoiro) end the minimum was with Vg (Haran)
and was near to V was with V, (China)« However,‘ 2 4 a 
(Rlo-ds-Janeiro), Thinladium and Vg (Siena L*eono) did not
show any significant difference* Among the oub-plcfc treateento
i#e# between the chemicals no significant difference was noticed#
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Hew over, T2 (Ursa 254) recorded the maximum weight loco end
T. (Brea 2% + Planofix 40D ppn) tho minimum* The infcoractioir o
of varieties and sii^-plot treatments were significant and 
there by It indicated the differential rcsponoo of tho 
varieties to tho chemical treatments* Thus among a l l  the 
variety with chcrnieol combinations recorded < the
rraxinum v?eight loss and Vg the trdniiaum* However# 
combination had significantly, lower value as compared to

V4 V
J

It is concluded that those varieties which hod the 
ndniEaim percentage recovery o£ dry ginger lnvuridblly 
produced maximum weight loss i*a. more moisturo content 
night have lost during storage* Almost a same trend of 
of feet is noticed by the specif ie gravity* Further Urea and 
PXcnofix alone resulted mere pronounced results of wight 
loos* The interaction between the varieties with the above 
characters might have influenced in the wight loss differs-* 
nee in the varieties*

Volume loss during storage* Tho studies on volume 
loco of ginger rhisome during the storage revealed that 
there were significant difference among tho five varieties " 
and between the variety and tho chemicals interaction 
(Table 18) • Thus (Rio-de-^'oneiro) recorded taoxinwo volume
loss followed by (Shina) *The minimum volume loos however#

 ̂ r

w q g recorded with the variety I lares* Among tho subplot
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treatments Urea 2% (Tg) recorded the maximum volume lops 
and (Urea 2% + Plar.ofix 200 ppm) recorded tho oinlirwm* 
Considerable variation is noticed in thecosc of variety 
and chemical interaction* It is interesting to note that 
variety Thinladium with Pianofix 200 ppm (V^ T^) had 
significantly lower value than the control showing thereby 
that the shrinkage in tho volume of the tuber was tha least

4

compared with the control* It is also further observed thati
in this particular combination ( T^) tha weight loos,
damage (Tot end driage) and insect attack were also lew as 
Gompared to others*

It is interesting tonote that there may bo an existence 
of a close relationship between volume loss with tho weight 
loss, thereby it is attributed that the factore which caused 
the weight loss might also have helped to the volume loss*
Thus tha moisture percent# specific Variety, incidence of 
diseases and pests etc* hold good here also* ,

Damage during storage t In this regard the varieties
have shown significant differences and the Interaction between
variety and the chemical arc also significant (Table 19) #V^
(Thinladlum) recorded tho maximum damage closely followed
by Vg (sierra leone) • Hoover, the minitntp damage was recorded
by V. (Me.ran). In the case of sub-plot treatments tfoo T’<£ 3
(Urea, 2%) recorded tho maximum loss and Tg (Urea 2% * Planoflx 
400 ppm) have tho least damage though not significantly* , 
Considerable, variation within tho interaction is noted* Thus 
Vj, T4 the minimum damage than tho control* Thus it may 
bo due to the production of holthicr and sound rhizome© due
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havo observed that the alchohol extract (oleoresln) for 
varieties Rto-de-Janoiro was 8,34̂ , Maran 4.77^, China 
4*74# Thinladlun 3.3)6 and Sierra Leone 6.47)6. However,forL
aio-de-Janelro they recorded acetone extract as I0.3£.tfathal 
and Prakash (1973) reported the naxlnun yield of olcoresin 
In the variety Rio-de-Janeiro. They failed to get any , 
significant difference between Maran and Sierra Leone In 
this regard Hathal(lG?3)found higher percent of oleoresln, 
(8*6>) for Thinladlun, Sierra Leone(6*8^),Rioedt-Janeiro 
(6*6&) and Mtran(5/6). Again Murfilidharan(l974a)reconne ril
ed Fdo-de~ Janeiro for oleoresln content.

Proa the above it la clear that a high degree, of 
variation were noticed by various workers in the oleoresln 
recovery* Variation In this character is alee noticed due 
to the various solvents used for extraction* In the present 
Investigation a higher percentage of oleoresln frap Rio-de- 
Janeiro, Karan, China and Sleira Leone were recovered 
respectively* The higher percent in the case of Rio-de-Janoiro 
aay be its varietal character •

Among the sub-plot treatments Urea and Planoflx 
combinations as well as Planoflx along produced.better 
percentage of oleoresln* The choaloals night have stitillated 
the production of oleoresln' by entering Into the oleoresln 
biosynthesis nechenisn of the plant* But Tg (Urea 3)6) alono 
failed to produce any significant results. This is alaost in
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agreGrrent with the findings of Saroowat (1974) who found 
adverse effect of nitrogen application on the oil content 
of ginger* It can ho attributed that H(Urea) might h&vo 
improved the other constituents such as starch, protein etc* 
thereby the reduction in the ole©resin content was caused# 
whereas, Planofix might have Gtirail&ted the £j reduction’ of 
oleoresln. This stimulation may ebon differential response

1 ■ * iin different varieties and further it con.be presumed that 
the attack of scale insects' and the rhisoma rot might have 
adversely affected the oleoresln content in the coco of 
Shinladlura <V^>*

Oleoresln Production on Hectare baaiot Variety Vg
(toran) recorded the maximum oleoresln production end
(Thinladiici) the minimum* In the .case of sub-plot treatments
the oleoresln production was maximum for treatment (Urea
2% * Plan oilix 400 ppm) • T^ invariably had lower oloorosin
content on hectare basis also* variation existed aloe In the
oleoresin production with the ultimate plot levels*

1 + 1 * ’ j'

. These observations (Table Ko* 21) showed that the
olepresin production on hectare basis was more than that
reported by Muralidharan (1974), who recorded oloorcoin
production of the variety Rio-de-Janeiro as 205*8 Kg,/ha,
toran 194*3 Kg*/ha, Qiina 173*2 Kg*/ha, Sierra leano 172*2Kg*
/ha and Thinladium 134*0 Kg./iia# In this present study the
Varieties except Rio-de-Janeiro produced more than double



oleoresin* however* variety Matsn was the best to produce 
more oleoresln followed by Rl©-de**Janeir© ond the e d u c a 
tion of Urea 2% 4 Planofix have further influenced tha 
aleoresin production also*'r ' ’

Crude fibre content of fthlsomat The variety 
(Rlo-de-Janelro) accounted the nsxismim crude fibre dcatert 
while Vg (isaran) waa having the least value end other 
Varieties reKained In between the t&o* 2^ (Urea Z% 4 Planofix 
400 ppm) accounted the ttdhlrr«sia# while and‘T^ had tho 
maximum crude fibre content • .

The data allowed that (Table 22) there was difference -
among the varieties and the application of chemicals have

/  .

also had some effect on the fibre content •

The difference on crude fibre content between varieties 
have been reported by various workers* Thus JSannon asd hair
(1965) reported the fibre content of Rio-de-Janalro no 5*19% 
end China «&, 3*43%* Them©© (1966) recorded tho sains quantity 
of fibre content for these varieties.., whopeas, ijQtorajan 
ot si* (1972) recorded higlier percentage of crude fibre? 
content with China (8.00%)# ftio-de**?aneiro (7*14%)# Thlnladium 
(9*60%) and Maran (6*16%) and found that. crude fibre content 
increases with maturity* lewis £t el* (1972) reported a still 
higher crude fibre content of 9»l% with Rio-de-^anolm*

* 136 «
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Increased crude fibre content in the advanced maturity 
stag© was recorded by Jogi et aj, (1972) while Mothoi and 
Frokosh (1972) reported that varieties producing higher

u *
yield possessed the maximum fibre content* Muralidharan 
(1974) reported the crude fibre content of tho various 
varieties like# Rlo-de—Janeiro 6. 77%, China 6*52%, Sierra 
Leone 5.16%, Ihinladlum 6*73 and Moran 5*67%*

The application of Planoflx at 400 ppm or Planoflx 
2CO ppm + Urea 2% eeencd to have reduced the fibre content

i

of the rhizome 1c general*

Correlation Studies
i  ,

yield and orewth characters9 Correlation coefficient
\

worked on yield and various growth characters showed no 
significant relationship. And the yield end loaf area in the 
final stage of grewth showed a negative correlation (Table 23),

Filial (1973) reported that plant height and loaf 
nuefeer wore associated with yield*, Aeeoicotion of quantita
tive characters oh yilod has been reported in elephant yarn 
as stated by Shanmugam and Tharburaj ( 1974) • They found the 
correlation of nunfcor of leaves and grlth of tubers with 
the total yield of yarm*

The non-significant association of grewth characters 
might be due to the following* For each variety there might 
bo the optimum height, tiller number, thickness of pscudoatera

;  i

leaf nuEfcer and leaf area for the optimum ior maximum yield*
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The variation in these characters may lead to tbs variation 
in the yield also* About the tillering, the type of tiller
ing about leaf characters, position (leaf angle), length 
of leaf etc. ere more important factors which effect the 
photosynthetic efficiency end there by more influence on 
the final yield. In the present study as the c&aaACale are 
applied at a later stage o£ development their effect is more 
pmotmced on the yield than on growth, That might also lead

'  i

to ©how the non-significant association of yield and growth 
characters •

pleorcsin and Crude fibre i The correlation studies 
between these characters repealed that they or© negatively 
correlated.

This is in agreement with the opinion o£ Eluralidharan 
(1972), Who felt that thas© characters cannot bo considered 
as correlated because varieties viiich produced high per
centage of oleoreain also have high m  well on lot; percent
ages of crude fibre. Whereas, flathai and Prakash (1972) have 
observed that the correlation of these characters ore ture.



CHAPTER V

S U M M A R Y  &  C O N C LU S IO N



3u«AH !r and co nclusio n

The present investigation entitled "Studios on tho 
effect of foliar explication of Urea and Planoflx on the growth#

r

yield aniquality of ginger varieties (ginalbsr officinale 
Roscoe)u was uhdorfcalsi at. the Horticultural Research Station# 
Department of Horticulture# Orissa University of Agriculture 
end Technology# Shubcnoowar* Orissa# during 1974-75.

The experiment was laid out in split plot design. The 
five ginger veriqtiop via.#; China (V^)# Har«n (V2)# 
flio-de-Janeiro IShinladium (V̂ ) end sierra Leone (Vg) were
alloted to the wain- plote. The chemical treatments Tj 
(Control — waterops^y)-* (Ursa 2S£)# Tg (Ploitofix 200 ppm)#
T4 (Urea 2H ’Planofiss 200 PPa)# Tg (saanofix 400 ppm) and 
Tg (Ufcaa 2% * Pionof &# 400 ppm) were alloted to the sub-plots# 
The sub-plot treatnrmtc were applied once as foliar spr^# on 
ginger varieties on tho 125th day after planting.

The Elain ohjest of this experiment to assess and 
compare the effect of cdngle as well as mixed application of 
Urea and Planoflx on tha growth# yield and quality of the 
various ginger varieties included in this experiment. The 
salient findings of tho experiment, are summarised and 
presented below#

(1) Qarmimtion. 9 The ginger varieties Maran (V̂ )



©rx3 lhital*dium recorded significantly higher % of
germination over HAo^cWanalro (V^), China (Vj) and 
Sierra leone (Vg),

(2) Halqht_Qf, tly>._glant * In the early stages of growth
(upfco 12 0 th dear) tiionswoG no significant difference between the

>

varieties on linear gro^rth, whereas .-application c£ tho 
chemicals ospesiaiiy tfeoa 2% + Planofix 400 ppm (Tg) # Planofix 
200 ppm (Tg), 400 ppm (Tg) and Urea 2% + Planofix
200 ppm (Tg) influenced tha linear growth than Uro* 2% (Tg) 
alone, ThinaiodiUn tVA) ©hd Maran (V^) were significantly 
more linear than over varieties at ‘ho final stages of 
growth,

(3) Tbidlsflcos of the m?=in Peaudoafcem t The varieties 
expressed their difference from the vary early stage 'of growth, 
At ISOth day of planting the offsets were much more pronounced 
due to the application of the chomieals (stib-plot treatments), 
Karan (V_) was cignifiaannfcly superior to all other varieties 
at tho 130th after planning, All treatments except
Urea 2% alone recorded significant values. The treatment 
combinations Urea STS with Planofix showed more influence than 
the single *$spiicatio:xu

/
(4) Kgribog. o ^ Zllera par cluac i Ho significant

. difference* was noticed at the initial stage of development
between varieties* Gut at successive stages of grafch » 
pronounced difference- wora obtained between the varieties.
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The sub-plot txt&tatoto did hot: produce significant differences 
In tiller prdtettes# hsaang the variatloas Rie-de-Jar»iro <V3> 
end Sierra (Vg) gets significantly superior in tiller

t '

production*
i

^fe;gLg.f̂ Tt?paivd.g.. nQg_clump s Tha leaf production in 
Varieties Rio*3G«E7odo£ro (V^) and sierra Leone (Vg) were

significantly overdo®' to all other varieties, iho eub-plot 
treatments failed to produce any significant results in leaf 
production*

A
V

(6) leaf, .area. $ Share was no significant difference in.
loaf area hstwoea tho five varieties of ginger in the final

*

stage of growth* TUo treatments with iferea 2% (T,,) * tteea 2% + 
Pl^nofiH 200 pod (^) ond Urea * Slanofix 400 ppm (Tg) 
however produced significantly more loaf area than control#

(7) Z f f l ^ B t e r f i & , j 3 i i g y T 9  r e ft -iS & g g & a  Variety Haron (V2> 
was significantly aaporlor with regards to the tolerance to 
rhizome rot* China (V. 3 was tha most effected on© than theX
other variations- Tho cub-plot treatments did not produced any 
significant ceo&ltse

%

(8) 'Ihei&gaco.... of .scale.. insect _att*s*L a_ Maran (Vg) is 
tbs least affoetod variety while# Thinladium (V^) is the
maximum sffectoO oao* The sub-plot troatmsnta did not show

\

any significant difference in this regard*
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<9> ¥i^M„o£ .zMgoma t Though the varieties did not 
chow a«JT significant diffcrsnca .In yield# the variety
lUo-d^iJun©ir© (Vg) recorded tho maximum yield followed by

^  ■

China (Vj)# Marsh <V^1# Sierra leone (Vg) *tsd Thinladium (V^). 
Thug Îhinl adiu^ (Vfi) ttoa the poorest among th© varieties* The 
sub-plot treatmohtc produced significantly better yields than 
control* But ‘the cosMnafcions of Urea and Planofix especially 
tftroa + saaaoSl;• COD ppm (Tg) wars bettor than tha single 
application of the dbCve Chemicals*

. <lo) Volume o f  ggesh'ginger s Thor© was no significant 
influence of vocation and sub-plot treatments on this 
character* Trevor »> tha variety China <Vj) had tho maximum

, T* «

1 / volume and (¥^) tho minimum,

(ll) flncoAfic gravity s The varieties and sub-plot 
treatments did not show ary significant difference on this 
character also* nouovor# tha control recorded the maxicRas 
specific gravity ?&ca 25S * Planofix 400 ppm (Tg) recorded - 
tho iflinimum specific- gravity*

<12) .ScdSgcry of. dry ginger t Varieties sierra teon©
<V5) and Mar^n ivj rocordod significantly higher percent of

1 1 i

recov-ery of city glagcr than the other varieties oral 
Rio-dc-Jansiro £\y h&J. tha least value, Control recorded 
tho maximum pcpueozaga of recovery aE dry ginger over all other 
sub-plot treatr-pftfcois and the treatment combination with



Urea 2& * PidK3££2z .400 ppai (Tg) recorded the minimum valua*

(23) Dev tilrrtog Production asg hectare i Though tha 
Vaffiotisa Mar an (U*J socordad the maximum dry ginger and 
Rio-ds-JaiiaiEO <0^) tho minimum dry ginger per hectare# there 
was no significant difference too twccn tha varietaa a in this 
regard. Among tfco dtib-plot treatments control recorded the 
mininsum produafeien of <3sy ginger end Urea 3K (Tg> and its 
combination* ‘̂ rodacod 'iiaadmui dry ginger on hectare basis* 
Sxcepfc Plano£i": COC rrm (T&) all other treatments ware 
significantly bottom than the control in this regard*

(14) Weight lope during storage 1 ^  variety

Rio-de-Janeiro <y0) srcoordsd the maximum end Moran (v.) the 
minimum weight .loon daring storage,- It is farther observed 
that the March (V^). non significantly superior in stores© to 
&io-de-J«neiro Ct^) oiv.l Sierra Eeone (Vj») by recording the 
least value of tjoirfot loss* Among tho sub-plot treatments no 
signiffc astk ibfiawcswc ware noticed* However, Ura© 234 (Tg) 
recorded ths tnaf:ir.ora weight loss and Urea 2% + Planofix 
400 ppm (Tg) roc-Tjeioft tho minimum weight loss thus the eoab- 
ination of Urea enu Plonofix in the above concentration Is 
superior in rcduGiwj vihe woight loss* There was o different
ial response eoossg vtt-s varieties in this regard*

(l§) Sajlt^pl_1qco ■darlraL.aturggq, « Among tho varieties 
Maran (Vg) reccsrdod tho rainiirasn voluma loss whereas#



Rio-da^Janelro (V̂ ) the maximum values which ware 
significantly different* The sub-plot treatments did not 
indicat® any dSLSficraaoo among themselves hut the Interaction 
between dhcs&cc&o with tho varfety were significant* Thus 
V4 *2 recorded tuo maximum voluma l am and the minimum
among the variety# chemicals interaction,

<16 ) Qiffl^SU^as^^.ifiogasia * varieties ttiinXefiiiiTi 
(V^) s»a sierra EOqskj (Ug) recorded significantly mexirnm da
mage than other vc^ioties, The mlElmuni damage wao noticed

r

with the variety natron (v^)* The damage loss was maximum
with the Urea 5£i and rainima;* with the mixed application*

• &

of t?r4a 2*£1 t&anofiss* Tho interaction betwaan varieties tfid 
aub-pldt traatsaosto ghsufid tbs differentia response 'of 
different variation* Thus# V4 recorded the maximum damage 
and V2 Tg practiffleSLiy no damage wos notice*

<17) Sflaoaasff' of » Araong the various
varieties Rio-^o^o'gi&iro <v3> recorded significantly higher . 
percent c£ oloorcein end TfciEladivm the Iciest* Tha eUb-plofc 
treatments except i’oo.? 255 (t^) significantly increased tho 
recovery dZ oloosotiin ovoff control* However# the urea 2& + 
Planofix 400 p:̂ s cxfoir.ation produced maximum recovery

of oleorssln thc& othojr treatments* Among tho vsrioty# 
chemical caT£>ina§&333 Vg Tg recorded tho maximum percentage 
of olsosesin*
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(19) ^tQ0^Q^ftjr^a^4.on_onJ heetarQ-basis. _t Tha variety 
Karan (V^) recorded chq s&ntsKJa olearacin production par 
hectare aoJ slgD^Siamtiy sugarior to 'minladium (v̂ ) which 
was lowest. Rio^c^Janoiro (Vg) end China (V̂ ) ware also 
significantly bottcs' Chan ihinlsdiim (v^)* Ths sub-plot 
trsat^nte except Urea 2SS (?2> recorded significantly higher 
olacrasin production m o £  control (Vj) end uroa 2% *
Henefix 400 J3pn (tg) produced tho moxisitam production of 
oleorosin on iKSt-oso beeis. Jtoong tha varieties* sub-plot 
interactions# V2 %  recorded tha maxtmra value and Tg 
recorded tha i&slz&u Value shewing the differential reopens© 
of tha varieties • to tho sub-*plofc trsatmants*

(19) Cra&a. gjbso Ciontsnt cE rhigong a Variety 
nio-d©-J»naIro (V̂ 5 ■ dscountsd tha maxitmim crude fibre % 
whereas Karan (V0) recorded the mininnm percentage, among 
the sub-plat troomaoto Brea' 2% + Hanofix 400 ppu (T̂ > 
racacSad the mii^auu value ox Crude fibre %, Further Vg 
recorded the niGr&nsp cmdo fibre content and Vg 3nrl Vg 
produced lover porocntege of cruds fibre.

saBaB^aS&.Q£l^gdigB • Tha correlation stuOioo 
with yield end growth characters ®nd oleoresln and- crude 
fibre content did not chow e w  significant: inference.



5 3,46 »

<21) ggBBa&foi&ttg or 
Ho incompatibility spapfeoms wsra noted duo to tho

i

application ot tfcoa aod Ptsnofix#

Q c m w s t m

. Peejfi tsho otudiGa it is evident that, the .variety 
Karen <Vg) ic cuposior in most of the characters . 
studied# tftdii variotios Kio-da-Janeiro* China# 'ibimlsdiura
and Sierra teoao* mong'ths subplot .treatments ifee® 291 + 
Planofix 400 jron! hove shown better of fact than others 
chawing its oorxSrdority over other chemic al treatments#
So for eonnfinc&al cultivation tinder local conditions are 
concerned tho vuEicty Karan can be recommended with the 
use of tJrea 23 •& SloRofix 400 ppn foliar spray. However, 
feha experiment ncy b© repeated for, confirming the £3 suits 
reported in fchiO invest igation.

scOoa—
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A H A t & S X S  m  V A £ l l ! \ 3 C B  TABtM 1 *  G E R M X H A T t a t l  ■

Sew?*!® i &.F* I M*S, J Catmilatfrfl} — Table _V»lli»
f I F. ValU« | $% $ 155

■  - . IB I  " I  I !■ ■ ■ '■ I I  ■■ M i  - ■ ■ ^ l _ J L . - <  h m W M  ■ ■ ■*  I T i l  I I I P W W P M C J . M  | I W » I  I I  » l

Raplio&tion £ 103*02 3*1 4*46 8*63
Variety 4 793*34 22.7** 3.84' 7.01
* r r »   ̂ ' S < 34*83

** indieata* gigqif£@Q®fc at 554 ;»<3 15S IsviIq.

SSAESfSIs <£ vm$l£88> TA&iS 2* is*** AREA

Sourca Calculated I Table V»lua 
F. Valua J 554 I 156

Replication
r

Maim Plots (V) 
Error
5u%*pl5t« (t)
V K f if3t.B?»5ti6a 
Error Cb)

c
&

Ef*

S*E* for treatrsi&d

361*15
247*51
92.0$
05.25
7*29?
22*915

3.92
7*68

t

5.3S**
*

0*56

0.9279
2*63

4*46
3*84

2*40
1.78

at 0.0S% t e c l .

** dlfjhificent at S* and \% levels.

8*65
7.01

3*42
2*26



i2>

Source # 3.1#i«*#
V

ml ~

*'*
1 ** n . j . r M i ^ - j i♦ t * C-r •.*■  i  s e ^ *I *J,

D^y# f̂fcar pleating
32
r s

60 90 120
w ^ i — a w m  I  r  p r  9  w < »  ~ ~ ~ r ^ t T H i w i w150 f' 332

ĵr42Jue { *■ ¥siueI a *s* i Sfllue: w*s* *?Ilue: *f*S* jfelttoi **0a $&lue
*  « *  *: - ■■ ■ - - — *  *  *~ — ■■ ■■ ■ » -■■■

Replication 2. 54*:33 1*54 24*43 0.49 9.39 1.9 63*30 1.17 52.61
Main dots (V) 4 ■63.72 ,1.57 185.30 3.76 233.17 4.32* 198.21 3.67 199.93
Error (a) s 35*17 49.53 42.17 54.04 41*«i
Sub-plot* (t) s 2S.IM 2.1 17.24 u i a 26.39 1.26 35.50 1.22 106.91
v x t Interaction 23 14*19 .  t* 19 17.07 1*41 27.34 1.31 23.35 0.97 41. 34
Error (b) BO 21*33 12.11 20.94 29.06 27.92

42* OS -

L$2*6l 5.13* 
3?»45 1*31 
29*47

* indicatM clc*nd£icant at 594 leval 
#* iadiasfroc .£&fpi£icent at 554 end 194 level



<3)

fW VftftX&'CSC 4. «i2CgS5S3 Q? Ji^IU PSEtBOSEEM

Source Days after planting
sa
"7"

60 3 & s ? k

I 'EWS* $e* vslus
? _ L ___________ _

T“ , ■ "§- »
1 M.S. IT. Value * M.S. J F. value
r _______1_:___ ;_____I_______I______ _

Replication 2
i

- 0.605 0.0147 5.337 0.01

Main Plots (V) 4 .  0.i3D7 13.09** 0,0718 23.16** 0.096
Error <b) 3 .  0.0033, -

0*0031 0*0059
Subplots (t) 5 0*2 0 .0 0 2 6 0.67 0.0024
v  x t interaction 20 0.26 0.0024 1 0.0033
Error (b) SO 0.03S& 0.0024 0.0026

S*£. for Main plot# 0.0234 . 0.01303
C.D. «t 0.05% level

** indicates
C.044

MtQv&fc sfc %% snd I?* lsvul
0.0*2

1*59 " 

16.27**

i.»

0.01783 
O*05isS



asaxssxs os? v r a m m z  tabus 4* thssksbss cy mask .zsbddostem (canta.)
■ -  j w — ■ -  i i — -  -  — -   l » w  '  /  L  1  ,

Source lC*r( * Bay#-’ aftar planting
r  * K W n w i a a M t ^ « ' r  ~  . . i — n .  ' m i n i ^ ..........................................................................................« ] ' , ■ 1 1  ■ ■ " ■ "  —  ' ' *  —  " "  r | 1* J • 123 | 150 j. 19Q

' f i~^iCs* iF.valusi «.5*~ F  F« valno-? * *■ ? i ; ■ ‘-a

C 4}

Replication 2 0*3037
■ f t r j i  -------

0.250 0.0013
- . a —

0*25 0.0015 O .353
Mein plots (v) 4 m*gm% 0.1013 , 19.49** 0*1080 , 1S.95** ■;
Error (a) . f t 0*0©«3 0*0052 0*0057
2ub-plots (t) 5 O.OS32 0.815’ 0.0056 2.07 0*0122 7.62**
v x t interaction m 0*9037 '1*44 0.0035 1.29 0.0072 . 4.55*^
Error (to) 50 . Q.490S? 0.0027 0.0016

5.E. for main p!ot;s 0.3516 0*01673
C*D. at 0*0554 level 0*047 0.054

* indicates sigaifis'ch': at 5:5 level 
** indicates significant at SiS end 174 level



€5>

m  t k b s b  s . mihders/slu*!?

S.E. far a»ssin plots 

C .o. at Q*G%% leve l

0,139
0#6l6

iniicatics at 5/5 levd
** «̂ *rt**cg¥® gg;^M#&3nEa: 5£ gad *5 1$V®1

So«tc© t D.r* ■ *  w i ' . n t u n n s *
■At £*»vs sfter planting

♦*t-
**
, *  ' / V i r i r ' i m n '  u m a 3&‘ *

1 , 50 *t 90
t
f

T♦ r*L ■: 
I .

I ̂ .valne
Jt' | H.S.

*1_ _ _ _ _ _ _ _ _ _ _ _  . .

i, F.valua
f

J H.S.
i '* i i

| Pv^HetOC *

Replication 2 2*58$ 6,00 0*195 0.29 0.72 A  % « 9

Main Plots (v) 4 1*49 4*072 6.21* 23.55

Brrcc Cb) 3 ■G.375 0.555 1.93

Sub-plots CO & 0*05 S' 4 4 7 0*320 1.07 3*76 3.19

v x t interaction 29 0«£49 0*44 0.330 1.10 2.29 1*33

Brrcc tb) SO o*e?7 0*299 1*71

9.0331?



IM2ft3fSX25 <8? v m i m CE TABl£ 5* tHM8ERS/3t«MP (ConfesS.)
■ " »  ~ ~ u .  j M . i i n a i r i T r  > o ^ ~ .  • . T i  . v r  i » i n .  i  ' i  ■— * —Source p*F. I efter planting

i , i &  ' 1 iso T “
4  a  n a i l  m il  n e  i n  i-h n  l w u m  m  ■ iw * —

1 I n.EU IF .value | M.S. 5 P.vatus 5 K*9* I £**£&&
........  -j -■ * " 1 _ —  ---?   I___________ I—  1_____

<6>

Replication 2 2*72 ©.59 2.72 0*69 9*025 Z*0Q

Main plots (¥> 4 SQ+&S 7*9** 94*39 24*26 123*267 3S.0Q"»*
Error ia> a '

tf! * 1 * ^ 3*39 4*612
St±>-plots (t) s C*33 2.04 3.09 2.22 9*872 3.17
v sc t, interaction 20 6. S3 1*35 5.54 1*52 5.947 331
Error (b) So 3.33 3.64 4.S44

S.E. for aisin plots 
C,d . at 0.05% level

0*591
1*23

0*464
1.51

0**303
1.6S

** indicates -at S& s*& 1% level



a s a & s x o  a? w i i f t s c s  t a s i e  6 .  ie a v e g / c l d m p

Sbtsres

0

JS*3?»
■ft■**-8*

t
1 Day® after planting
tf- «-■•■*■■ 
ft 30 J 60 ftft* _ r. _ . 90
ftS' ca. *» a

 ̂ r 
t 2 .value s-ft- 1

4M.S. S T.valae 
*

I K«S» * • 57* valueft-

Replication 2 0*1 0*09 133*19 3*35 5572.16 r̂ .94
Main plots (v) 4 4*595 4*41* 121*79 2*95 9088.13 3A*?**+

Error (a) ' 8 ' 1.043 41*22 846,28
sub-plots <t> 5 0*586 0*77 17*40 0*49 457.41 0.88

v  x  t  interaction S3 0*781 1 30*34 1*22 84s.it t.20
Error Cb> I?-*.

m ■ «a
0.7S2 25*12 703*01

S*E. for ̂ leln plots 0*238 O.S35S-
C.D, st 0,05% Isv^l 0*77 22*35

* indicates d&-̂ *iUJ-leant at 5?£ l * v d
** ircHrftfc?© ;ql-jOl£2.ê iit at S% and 1% lavel



(3 )

An&t£3£5 & VSS1SCE TABLE 6. LEAVES/CLOMP (Contd.)

Source «
**
*♦
44 » ---

Days after planting

■ U 12D
rnmi

*
f t -

»'

ft 150 * Q AAnn#

F.iralu* 1
fta u

M.S. J F.value K.Sb
**»
* .

V

Replie stioQ 2 6536.3 . 5.69 6736.36 5*09 5334.96 • .a*7i
Main plots (v) 4 ' I3524.64 8.02** 11443.70 8.66** 13897.37 3.T6**
Error (a) .8 1156.24

B
1322.0 1535.81

Sub-plots (t) 5 r .147*84 0*14 857.06 0.66 1046.99 1.06
v  x t interaction 20 9^.68 0.95 1392.50

■4
1*07 1373.94 5. .39

Error (b) 50 IG 27.09 1293.60
-

930.13

S.E. for main plots 
C«D. at o.oSX level

0.04
26*22

- 8.57
27.94

- 9...3P6
30*53

** Indicates signii'Isont nfc Si'l as3 IS level



<9)
':*v JESTS ASO DISK&SBS

Source ; O.F* . Scale? attack? At early stags of"* Total rhlxoo* V Final o
• 6oveiop- • rot * saitiera# ê ass-l**

*
a.

*+t
^  .Off

* ■  ■£.  

#  e c  . »  .

Replication 2 - S3.16 0*46 196.99 1.1 2 73*00' 1.95

Keln plots Cv) 4 fi5i4»l3 ' 6*68* 109*75 9.7** ' 1003.91 ,5.71* 2 337*45] ■■ 0,90
Error (a) 8 3CI.5S 71*64 178.73 n 4 373*67

Sub-plotS (t) 5
\

427.67 1«S6 r ; - m * 5 273*89 ‘2*0f

v x t Interaction 20 220*33 0*056 • - ' - 10 1^3*31 1,41
Error (b) cn■.rV . 257.43 . - 31 130*60

$*£. for mein plots 4*C59l7 1.99 3.13
C.D. at 0*0556 level 1-3*3* 6.50 10*21

* indicates ai^fslf==vtr^ c& -S£5 3®v*l 
** Indicates slgn.i£ic!̂ & ox and. IS level



(so)

Sourca

& V A S I A S  TAB IE a. YIELD OF RiHZCTIE

i b *f 
*I

*&
ftft>«■*»

j _

*
M*Sb t F.valu* 

* .

V

*JU

.5£Lj&££u KU&&-~ 
:M.S. 5iSi

Replication 3 695.44. . 0.44 17395.01 . S.44
Main plots (uv 2332.45 1.81 70999.57 1.3
Error <a) 0 1560.24 39007.08
SMfc-plofe (t) s 1535.51 42.37** 38161.40 42.3**
v  x t intensities 62.77 1*74 1569.76 *♦74
2rror <b) j L ? ^ ' 55.02 909.68

** invl&stms s^^sjS£iss&t st £g an3 levels



IM̂ mrH- ̂jhHZfHr"r ~ ~ ——  .. ■ ■— ■ ■ 1 r .1   ■*■ WM

**s$*£
*«u*>

'"O

85*8* 894*0
*M*m »«os*s « n
99*48 **96*S S9*t
96*2T£ 46*0
44*OSS **S9*I9 45*6S
S§*S3t t8*0 64*0

T

5*0
9*1

s n
'65'*0

cc*0 i£GT%
2qoo*o . m mo &m9£
9lSS*0 £€4*1 943*01.
8500*0
Q6CC*C 69*2 

*o 49*^''
O

f

i r a e A i j y n M ^

4 - ■"■-'»........ T  - *" A'" — '■" — | "
| oax«A*^ * *s*H I anx«A.*a 2 *S*w 5 sof-------- ^ 'goiirs—  ------- J----— ;—
* 4op 3 0  .toAosoa » a?5Tgs<ls 2 g£3iafe&

soi^a i :*n *m

OS (<Q JOJXa

UGf^aFxe^aT ^ x & 
§ ()) S50l<l-qns
e (»> 5 0 35 3

f (&> s^otd oi»«
$ tzopi®DXXa*iJ

  r
*i*

•  .t » ^ 9a \ij q cancs
A m m o  *6 siavx ssena^A ae s i s k i n

(ti)



(12)
TABtE ID . STORAGE QOALXTY

Scarce **■t
«*

t
i*
■ « -♦-f

* * .  / ^ i£3.S#
Ooight loss
^ ■ . M . ^ . y . V . 1 '  , —  . i i . . — .

t : Y.valce 
1 _

vft
ft Volm# Ices
♦*
«

w r w i A

M.S*
»*#

**«
■f*

*

bwtogs
ft. .IS.

r e e e o i a y ^ i i i P j M e i i i  i i i  x * * 11'? -  
V|- f

a ; * * C t f n a w a j M a T 3 S t * «

Replication ■& 30.375 .1.03 4.96 0*24 843.40 ‘ 2*34 '

Main plots (v) 4 121.232 «*!?* 111.60 S.37* 5431*81 i'3s*T31'»*
*rrtsc- (a) H 23.79 393.94
Sub-plots (fc) 5 39*736 ’ 1.49 23.60 1.68 239.61 ‘2.95
v x t interaction 20 ‘ 30,.359 ' " 2.23** ' 44.79 2.62** 1160.79 '- 9*8?** '

Error (b) SO 1Y.S33 17.06 223*85

* indicafeoo oirpif leant'
ilMiuwlSiO ■35.

*fc '934 bevel
at 5*- ®h3 J5i levels



CS3V

P Y " \  ynZ~^f•:r i&nsAssos n .  az&ofussxN csutekt

Source
— I— -r-— --

4 '
t■*

1 Recover of oieoresln
'A.'

—* • • • • ■ »
Oleoredn prooi*tIo*s 

ptur- lice tare
i K.S. I * .value J h .s . * P.velsri

Replication 2 0.59 1.6 10029.73 4% 4* * *  V * M
H»la plots <V> 16.32 65.33** 42544.09 3.®#
Srror (a) 0 0 ^ 6 10603.17
S^s-plot Ifci £ 3.67 14.11** 19437.93 14.30-^
V  x t interectioii 3$ 0.33 3.19** 3569.10
Error (b) S3 0*26 1359.27

* i n & s  .CP^lcest, at Z~* lovol
** luSteiUvCS' oiogifieeufe at SB& and levels



ajkssdxx u
1. WKH 3A£LS '.I lj S3&1T H 3IO T (SS&RVED A3? MOKTHUT

ZSJX'Ssy&rs
ta»3 Pl?iifc heighfe oti> 30 th £t*y after planting (Unit Ctta*)

! ■ ■ >  1*1 < ii " i i  . j *  f i . ' r : i ) .

V.i V3 V4 %; Mean

*2 22.03 33.07 21. 2? 31.1? 20.67 23.90

m'3 26.00 25.00 30.00 36.67- 26.53
m
*4 22.6? 23.03 23.1? 23.00 23.63 25.20

*5 23.00 as.oo 24.00 25400 24.33 25.46

T6 26.3s - 33.SO 24.00 25.33 24.17 25.66

(Control? ^»*sq 24.67 i?#i? 24.67 24.33 22.0?
t

Mean 24.83 as**oa 22*41 27.36 24.00
/  /

(b) Plant height s© Osth ar ter planting (Unit - Cms)

>.- S j t r > : % * : . ' i '  r j s r a

34440 3D.0? 35.I& 46.13 33.73 . 37.79

*3 33.20 3D. $3 37.60 45.20 37.07 39.32

T* 33.23 39*63 35,57 40*80 36.07 37.12

TS 30.2? 39*07 37.67 39*73 35.07 33.06

T6 35.83 37.53 39.27 34.33 37.09

T
(C on tro l) 32427 40.00 23.20 42.27 36.20 36.11

Mean 35.37 00*13 35.61 42.23 35.41



asj
(c) PJsEt Ss&gzk, g&f a£~«r planting (tfait-Qns.)

V 5 V4 V5 He an

T2 40.07 43.07 41.87 56.04 42.00 45.77
*3 47.60 43*30 44.47 55.30 45.40 48.21
T« 42.27 -40*07 43.80 40.97 44.20 45.40

TS 4S.w? 47.37 40,47 46.33 43.27 46.30
T« 45*40 01,40 44*87 43.07 40.80 46.11

TI
(Control) 40.67 43*93 38.53 '  45.20 42.13 44.09

Haaa 43.51 40*45 44.40 50.62 43.00

(Q 5 slant ht&f^st <xi 150th day aCtar pi entire (unit«Ci»)

W,i •v*<s V3 V4 V5 Maan

at 41.05 03.07 45,67 >30.27 43.87 50.76

*3 55.13 52,00 51.40 42,47 54.27 54.45

T4 50.40 53*53 , 50,27 57.53 50.87 52.52

*5 50,63 53*4? 54.33 51,07 50.20 51.92

*6 51.53 53*S7 51.40 55.27 48.13 52.83

*1(Control) 45*43 55.37 44.20 55,27 50.93 50.44

Mftan 40.37 54,33 49*54 56.98 50.54



u®>
<e> K s ig h t o& I 'cm S55H^ day © ftsr p la n tin g  <Unife-c,nn)

6t»
Ti V'O V3 w4 Vr5 / f'fccn

*2 so.ec DO* 03 47.46 S3*l6 51.56 53*54

®3 5-0.30 DD4p3 36*00 SS»73 55* 93 53.57
<5»4 57*40 02.30 57.03 53.67 56.09
fr■*s 53*10 s .%:jd 57.30 54*43 53*93 57.12
‘f*6 GO., ca*» r\ ^ v*it)L,‘sO f 55*03 62.03 51.67 5(3*66

Ts(Control) 40*03 45*03 55.06 52*03 52*16

cc e« Soyas' d--i no 52*75 60*34 53.11

2* Msaa 7ASX&' PC rv (“i-' HnJES f^yBOSICM OBSZIVi®
AT H31TEI3? S?:

az : p a Sri* after planting {Unit«Ctru3)»

vi r?’"■> V3 V4 V5 £*3 an

¥x2 0.566 O a?3D 0*563 0.666 0*516 0,603
T3 O.SSS 0*053 0*550 0*616 0.550 0*506

T4 0.533 o .oso 0.593 0*616 0*533 0.S93
m*s C.5G3 0*700 0.593 0*633 0*583 0*61®

'6 0.350 0.VD3 o .sso 0*6 IS 0.500 0*539

V(Control)
0.5SQ e*030 0.533 0*650 0.600 0,603

Mean Q.5G9 0.003 0*561 0.633 0*547



(b ) Sbiocnsss <58 fiOEli dsst' *£4*r p la t in g  (U nit • Cnts)

Vi v* V3 V4 V3 Mean

Q.653 0*776 . 3*646 0*790 0*650 0*695

*3 6t€ w 0.,7St 0.643 o*7Si 0*670 0.702
0*443 3*766 0.633 0*766 0*660 0.702

*5 0*470 0*303 4>*?l3 6.723 0*670 0.716

*« 0*496 0*670 0*723 0*650 0.705

Tl(control)
0*616 ot?m 0*620 0*760 0.670 0*692

' Sfctfft, 0*646 o*m> 0*662 0.730 0*662

(ft?) ThisJsr.ess -s® Oqr m£i£ST planting (ITnli <* Css)

: v  - ......V ' " V3 *4 V5 Mean

Ta 0.710 0*870 0*713 0*046 0*736 0.775

*3 O*7§0 O.D'fG 0*723 0*333 0*763N 0*739

- *4 0*760 0*373 0.773 0.790 0*740 0*787
t5 3*753 0.930 0*793 0*01# 0*750 0.804

t6 0*736 0.596 0*776 0*903 0*723 0*805

(Control?
0*7D6 Qf9i6 0*706 0*830 0*770 0.790

Ks&n 0*734 0*006 0*747 0*823 0*747



(d) Thickaa** on iipzh ds*f after planting (Unit-Cms)

▼l V0 v3 V4 V5 MoQn

*a o,?4o 0*746 0.093 0,760 0*913

T3 0.796 0*5&3 0*786 0,856 0.793 0*326

T« 0*826 ■ O.O50 0,803 0,003 0,786 0,829

Ts 0*790 0,933 0,830 0,336 0.773 0,832
m
% 0*793 S*0‘p 0*810 0*830 0,783 0,851

*1(Control) 9*769 0,973 0,733 0*066 0,800 0,826

Mess 0*734 0.PSO 0*784 0,847 0*782

(e) mlcftnssD an sP&nh dsy after planting (Unit - eras)

V3 V 4 V5 Mean

*2 0,736 0.000 0,776 0,916 0.790 0*845

T3 0*836 0*055 0.323 0,893 0.850 0.071■v
T« S.S63 1 ,2 0 0 0,343 O.S3S 0,820 0.872

*5 0.923 0*573 0,833 0.870 0.326 0,975

T6 0.846 2,073 0,843 0,066 0*826 0,390

T1(Control?
f\_ *90'\ 0,743 0.070 0*810 0,839

Mean 0*822 O'. 003 0,918 0,075 0.820



HSaH F'X: IKHSSjyC&KSP AT MONTHLY INTERVALS
(s) “iller re&qbo:? an 30th clay a£fcsr planting

*2 1*2? 1,75 1.0? 1.40 1.73 1.55

T3 1*2? 1*73 1*67 1.2? 1.53 1.49

*4 1*07 1*6? 1.53 1* 3u 1.60 1.41

TS 1*20 *.73 1*60 1.27 1.60 1.49

*6 1.07 1*50 1.53 1.47 1.60 1.44

*1
(Control)

1.47 J.* S3 1.47 1.33 1.47 1.39

He*n 1.22 1. yy 1.53 1.32 1.59

(b) Tills: nsrii-'JS' on OOts day sf tsr planting

- i
u .  t it  n * n * i T  ‘t z v t a . ^ a ^ e s j .V2 V3 V4 V5 Mean

*2 3.93 3*07' 4.53 3.67 4.53 4* ll

T3 3.73 3.-X- 4.73 2.80 4.07 3.03

T< 3.27 6.01 4*13 3.13 4.00 3.71

TS 3.33 3*6? 5.40 2*87 4.13 3.97

T6 3.97 f'i r t v * v  «w> «l 4.27 3.60 3.93 3.69

T1
(Control)

3.53 3*93 3.87 3.27 4.13 3.75

K©Qti 3.69 3.05' 4*49 3.22 4.13



(c ) f i l le r  s?^oso  <s& 8©feh day a fte r plsufeing

V i ......  *$ V  3 . V Mean

' Ta 3*93 $*.49 9*4? 6*73 9.30 3.07

T3 7.37 7»?3 19.33 S. BO 9.00 3.3,9

*4 6.8Q 7.07 0*73 6*27 8.60 7.61

*S 7.73 7*00 IS* 13 ?• as 3.47 8.65

% 7*20 0* £3 8.G7 7.2? 7.80 7.69

*1 . (control)
7.13 ?*;P. 7*00 6.2? 7.93 7.23

r&ECS 7*03 * v 9*39' 6.53 8.67
j i i 'T r ^ j  I, m H I J

{d> Tiller m rte? oil ef tor pi gating

v, ■ V,,# V3 . V4 V5 Heon

*2 0*89 11**93 13.0? 10.13 13.47 11.40

*3 10*2? E0.D3 14*27 0.40 13*13 11*23

t4 3*67 9% 33 12.BG 3*93 11*87 10*44

*5 9*27 10*60 16*80 9.93 11.07 11*49
Tg 9*33 11*4© 12.13 10.40 11.67 10.98

^1
(Central)

9*0? 9*3© 9.4? 9*07 11.47 9.77

9.23 %®?S0 13*09 9*40 12*11



in)

in) i a i l ® ’ ($3 l$ 0 th  day « £ t e r  p la n tin g

v i v+,A V3 V4 VS M9an

T2 9.73 Xt;%07 14,2? 10.47 15.00 12.51

T3 11* 20 n*&? is.so 9.47 13*53 12.89
'4 §*S© MJ% '■i'O «yf»/V 14*73 ' *6*47 13*07 12.04

% 24*07 JO* 03 11.23 13.67 13.84

% 10*21 $3*0 7 13*20 n.ia 13,53 22.04

Ti(Contra!) £0*#/ Si.00 § .so 13*40 22*06

10*79 ■S£*&2 14.96 10.41 24.50

4, Mi&£! lapis f m  S3:.'tr L9tHBSR^S0aP A* H@£f!!t£& IIWSRVALS 
<a) i©@£ ntai&srs tas ,iO«3s ^  £££«? planting

T 2 7.00 0*30 7.67 7.33 7.33 7*46

*3 7.35 r*> /vi e.©7 6 .0 0 7.33 7.46

fp
*4 7*33 7.33 8.00 6 .6 7 9*00 7.46

ism

*3 t .o o v"):, ŝn# .4MbJ §.00 6*67 7.67 7*63

%

7.6? O  '̂  f <S 7.33 6 .6 7 7.33 7*46

* 1 7.33 *inf 4 4*1*? ?*33 6 .6 7 6 .3 3 6.99
tC OS* v fiSi # . j .

Waan 7 . 3 7 7 . 7 2 8*03 6 .66 7,33



(2£>

<b) fits nttsibsro o n  COth day a fte r planting

fi voo V3 V4 VS ftean

*2 i.SO 33* a& 36*63 26*93 29.60 29.16

T3 *• 13 24*93 ,30.27 27.00 31.00 27.67
T« i.to £5.30 32.57 27.20 31.93 28.34
•P..”5 i*33 13 40*47 26.03 29.27 29*65

TS Fa 2© 3 S. 57 27.40 24*10 29.53 27.56

T1(Control) 5*5S 07,93 24*60 29.07 •26*67 26*76

Kc«n >*56-
*"\ 31.99 28.72 29*67

(c) Lp* m & s & o  m  osib sffcsr planting

fx
t?"3

m*
v3 V4 V5 Mean

T2 f3.73 9$*67 . 130,06 63*50 lll*6o 93*31

T3 >•37 77*93 104*73 67*37 122*83 87.85

T« i*13 04,07 125*23 72.33 119*80 92.27

% U60 01,33 164*93 65.00 86*53 94*61

%  !'*80 J \a?̂‘ 97*50 7J.57 96.67 86.43
T1 * 

(Control)
ll:X0--=ivy jD “*■ @3*27 77.87 03.53 79*85

Mopn ..(1*62
r ‘~

C3.90
—-Sfc -*a

117*62 69.74 104.33



(d ) l&sg c a ^ r j J S ' J t h  dsSf a £ t$ r p la n t in g

i.

T,

6

101.87 

94.63 I*#0 
@9.13 M ?  

97.60 £■«20 

77.S? b > 77

I

V.

155*33

1 3 5 * 5 0

160.40
300.00

133.13

93.27 • 120.03

V.

83.47
92.17

96.33

fie*, en
97.47

107*67

Vr

139.07

147.67 

148.87

142.67 

123.33

Masn 92.6fiA 9.23  26-5.56 ■ 95.32 135*78

Mean

122.31

11S.66
121.04

1 4 8 . 6 5

113.27

114.07 110.62

. i t t A - s t y s f ^ t i j t i M s a C S e a V M P

{q ) !#»£; in'-0 °“J lS0th '3ay afitet planting

f3

t4
%

iso
T

(CsistrQl; I
L o 7

V2 V3 *4 V5 Fla an

137.53 167.B7 232.57 175.27 147.73
as-S. 67 156.93 26< 3 .  30 185.90 142.73
127.73 177.76 127.13 176.43 143.93
137*73 250.53 126.00 159*03 156.97
l&S.QD 146.87 226.80 163.33 244.24

133.93 243.30 4  Q  n . 150.73 133*66

132* 3/3 224.68 168.44




