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INTRODUCTION

Ginger (zingiber officinale Rosc.) is an important
spice crop of India known for its medicinal properties. It 1is
a herbaceous perennial plant,belonging to family Zingiberaceae,
'is believed to be native of South-Eastern Asia (Pursegloue
et al.,1981). It is propagated through rhizomes, which put
forth erect, leafy stem 30~90 cm in height. It 1is widely

used in food, beverages, confectionary and medicine.

The crop is grown from almost the sea level up to an
altitude of 1500 m. It is mostly grown on large scale in
open areas, though it thrives well wunder partial shade.
Tt comes up well on a variety of soils, if sufficiently well
distributed rainfall or irrigation and adequate drainage
facilities are provided. A deep, well drained friable loam,
rich in humus is ideal. It may be grown alone or mixed

with partial shade giving plants.

India enjoys from times immemorial a unigue position in
the production and export of ginger., Out of the total
production of ginger in the world, nearly 50 per cent 1is
met by India alone (George and. Vellapan, 1980).. In India,
ginger 1is grown 1in an area of 52,460 hectares with a
production of 1,27,000 tonnes (Dohroo,1990). The country
exported 4776 tonnes of ary ginger amounting to Rs.843 lakhs
duriné the year 1988-89 (Anonymous,1990). Ginger is cultivated
in almost all the tropical and sub-tropical parts of India

comprising the states of Kerala, Karnataka, Tamil Nadu,



West Bengal, Bihar, Himachal Pradesh, Uttar Pradesh and
Maharashtra. It is an important cash crép of Himachal Pradesh
grown in districts Sirmour, Solan, Shimla, Bilaspur, Mandi and
Kangra. During 1987-88, the area under ginger crop in Himachal
Pradesh was 2100 ha with a production of 100 tonnes of

dry ginger (Anonymous,1989).

Ginger requires heavy doses of manures and fertilizers
(Randhawa and Nandpuri,l969; Muralidharan,1973; Lee and Asher,
1981). In the recent years with the adoption-of high yielding
varieties of crops and intensification of cropping, the
deficiency of Ininor elements have also been reported from
many parts of Northern India (Kumar and Marwaha,1984). It
has also been reported that the use of high analysis NPK
fertilizer leads toward, micro-nutrient deficiency (Grewal
and Trehan,1979). Since not much relevant information is
available on the requirement of the nutritional elements
such as Mg, 2n, B and Mo in case of ginger, the present

investigations were undertaken with the following objectives:

1) To study the effect of macro- and micro-nutrient

elements on the yield and quality of ginger crop

2) To work out the economics of macro- and micro-nutrients

in ginger; and

3) To observe the disease incidence, if any.
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2. REVIEW OF LITERATURE

Information available on the effect of essential
nutrient elements on the growth, yield and gquality of ginger

(zingiber officinale Rosc.) is scanty. Not much work has

so far been done on the concentration and uptake of nutrient
elements by the ginger crop. Available literature on the
effect of essential nutrient elements on the growth, vyield,
quality and their concentration and uptake by the ginger
crop is summarised as under:
2.1 Effect of nutrient elements on the growth and yield of

ginger

In Jamaica, a very high response to nitrogen was
observed when applied at.'tﬁe rate of 3 c¢cwt sulphate of
ammonia (Anonymous,1953). Groszman (1954) recommended a
top dressing of fertiliser mixture (10:8:7) at the rate of
500 kg ha—l for high yield of ginger. Loknath and Dash (1964)
while determining the optimum fertilisation and spacing

of ginger recommended an optimum level of fertilisers at

—

the rate of 60 1b N, 40 1lb P and 60 1lb K per acre for getting
high yields. Chew (1969) obtained high fresh vyields of

ginger when fertilised with 65 1lb N, 40 1b P 170-200 1b

2757

KZO and 15 1b CuSO4 per acre.

In Himachal Pradesh, application of 100 kg N, 50 kg

e —

PZOS and 50 kg K20 per hectare to ginger significantly

increased plant height, branch number and vyield of fresh

-

ginger rhizomes; and a good growth and yield was obtained



by the use of 100 kgwha-l in absence of P and K as compared
to unfertilised control (Randhawa and Nandpuri,1969). Nair
and Varma (1970) recorded a bumper crop of 43 tonnes of
green ginger per ha from the variety Rio-de-Janeiro at Kerala
by the application of 100 kg N, 100 kg P,Og and 200 kg KZO
ha—l. Dasaradhi et al.(1971) stressed the importance of
nitrogen at active growtﬁ and tillering stage of ginger.
Rajan and Singh (1972) reported that the application of

urea along with saw dust to soil significantly increased

the yield of ginger.

Saraswat (1972) found that in Indonesia, the application

-—

—r

of PZOS at 20 and 40 kg ha-l increased the yield of ginger

by 21.5 per cent and 11.5 per cent, respectively, whereas

nitrogen was 1ineffective. Muralidharan (1973) reported
that with the application of 50 kg N and 75 kg P205 per ha
significantly increased the yield of ginger, while the

1

application of N alone at the rates higher than 50 kg ha

significantly reduced the yield of ginger.

Muralidharan et al.(1973) found small, but non-
significant responses of NPK at 40:40:80 and 60:60:120 kg
ha  —, respectively in case of ginger and reported a decrease
in number of tillers when the NPK were applied beyond
70:70:140 kg ha—l. Muralidharan et al.(1974) obtained a
significantly high tillering and yield of ginger rhizomes
when 70 kg N ha"l was applied. Application of phosphorus had

no effect, while potash at the rate of 140 kg ha_l



significantly reduced the yield. Muralidharan and Ramankutty
(1975) reported that the application of nitrogen at 60 kg
ha—l in two splits viz. 60 days and 120 days of planting
significantly increased yield; but a non-significant dincrease

was observed in number of tillers per clump as compared

to control.

Application of N at 30 kg ha—l doubled the yield
of ginger and a further increase in yield by 75 per cent with
N application at 90 kg ha—l (Aclan and Quisumbing,1976). 1In
Himachal Pradesh, Kingra and Gupta (1977) recommended use
of 50 kg N and 50 kg P205 ha'—l along with 25-30 tonnes of
FYM, while Sood and Sharma (1976) recommended 100 kg N,
50 kg P,O0. and 50 kg K,O ha_l for getting high yields of

2°5 2

ginger.

Muralidharan and Ramankutty (1977) observed that

the treatment combination of 120 kg K,0 and 10 kg Boron per

2
ha gave the highest number of leaves and tillers per clump
in case of ginger. They also reported that the plant
characters were not influenced by potassium application
and application of B over 50 kg ha—l reduced the yield.
Sadanandan and Sasidharan (1979) reported that the application

of N beyond 50 kg ha-l reduced the yield of ginger.

Lee et al.(1981) observed highest ginger rhizome
yYield with the application of N at 200-300 kg ha_l, while Lee
and Asher (198l) ohtained similar results with the application

of N at 336 kg ha—l. Panigrahi and Patro (1985) reported



-1
that the application of N and KZO each at 90 kg ha

significantly increased the vyield of ginger. Sivaraman

WD

(1985) reported that under Vellanikkara conditions NPK at

e
<

Tah

" 40:40:30 kg ha—l gave the highest ginger yield, however,

W

Yat pottangi, maximum yield was recorded with the application

. B
"of 125:75:50 kg ha 1 of NPK. . .

P

Cho et al.(1987) found that the most favourable soil
éconditions for ginger growing were a pH of 6, 405 ppm
'%available P205 and exchangeable cation levels of 9.5 me Ca,
2.7 me Mg and 1.3 me K per 100 gm soil and ginger yields were

positively correlated with the soil organic matter.

Maity et al.(1988) recommended the optimum fertiliser
rates of N at 120 kg, P205 at 60 kg and K20 at 90 kg ha_l
for getting an optimum yield of ginger. Mohanty et al.(1988)
found highest rhizome yield with the application of N:P205:K20
at 125:75:150 kg ha_l, réspectively. Neopaney (1988) recorded
highest plant height, number of leaves plant_l, rhizome
length and yield ha_l with the application of N, P,O. and

25

K,0 at 150, 80 and 60 kg ha—l respectively; whereas highest

rhizome breadth was obtained at the fertiliser combination

of 150 kg N, 60 kg P,O. and 40 kg K,O ha T,

272 Concentration and uptake of nutrient elements

The leaf N concentration of ginger shoots and rhizomes
at early and late harvests increased with the total amount

of N applied upto highest level of 336 kg N ha—l (Lee and

Asher,1981).



Nagarajan and Pillai (1979) reported that the rhizomes
of "wynad local" ginger variety removed 67 kg N, 21 kg I,
111 ky K, 11 kg Ca and 20 kg My peor liaa e Hee mvaggessledd Uhal
shoot portions should b€ put back to soil as they contained
h() per cenl total N, 36 per cont total 1, 4l per ocent total
K, 67 per cent total Ca and 57 per cent total Mg removed

by the plant.
2.3 Effect of nutrient elements on quality of ginger

The ginger oil content was adversely affected by
N applications (Saraswat,1972). Nair and Dbas (1980) reported
that the foliar application of Urea + Planofix significantly
increased the oleoresin content in ginger, but there was

no effect on crude fibre content.

Neopaney (1988) reported +that the highest doses of
N from 75 kg ha-l onwardy decreased olcoresin content ol
ginger as the doses of suplerphosphate and potash remained
same. He found maximum oleoresin and crude fibre contents
with the application of NPK at 75:80:60 and 100:40:20 g per
ha, respectively. Pawar and Patil (1988) reported that

the application of NPK did not affect volatile o0il content

in case of ginger.

2.4 Effect of nutrient elements on disease incidence

Application of NPK (50:25:30 ppm) wilh

cocorniut Cuake

reduced the incidence of rhizome rot in case of ginger

(Rajan and Singh,1974). Muralidharan and Ramankutty (1975)



reported that the intensity of soft rot in case of ginger
was not affected Dby N applications. Muralidharan and
Ramankutty (1977) concluded that the B at 50 kg ha_l reduced
the incidence of soft lrot disease 1in ginger. Sadanandan
and Iyer (1986) reported that the FYM application enrhanced

the incidence of soft rot of ginger.

Neopaney (1988) observed that the application of
different fertiliser combinations of NPK failed to

significantly affect the incidence of rhizome rot of ginger,
and incidence ranged between 25.5 per cent to 38,1 per cent.
Prakasam et al.(1988) reported that the application of

1

N at 120 kg ha~! and K at 70 and 120 kg ha"' reduced the

disease incidence in case of turmeric.

2.5 Correlation studies

Association of different growth characters and their
bearing on yield is important for boosting crop production.
The extent of observed relationship between two characters

is known 3s simple or phenotypic correlation,

Mohanty and Sharma (1979) found that the -number of
tillers, secondary leaves, tertiary and @ total fingers,

plant height, leaf breadth, growth of secondary fingers,

i

number and weight of adventitious roots and straw had positive
and significant correlation with yield in case of ginger.

Sreekumar et al.(1980) found that the correlations were

significant and positive between the plant height versus



rhizome weight (r=0.71), tiller number versus rhizome weight
(r-0.46) and leaf number voersus rhizome weight (r=0.66, in

the cultivars Thingpuri, Rio-de-Janeiro and China.

Marwaha (1984) observed a positive and sionificant
correlation between plant height versus number of tillers

(r=0.94), plant height versus number of Jleaves (r=0.99),

plant height versus fresh weight of rhizomes (r=0.98),
number of tillers versus fresh weight of rhizomes (r=0.93),
number of tillers versus number of leaves (r=0.96) and number
of leaves versus fresh weight of rhizomes (r=0.98). Rattan
et al.(1988) found that plant height was significantly
posifively correlated with number of leaves, leaf 1length,
rhizome length, rhizome breadfh and yield per plot. They
also observed that number of tillers were positively
correiated with number of leaves and rhizome length, whereas
number of leaves had significant positive correlation with

rhizome length, rhizome breadth and yield per plant,
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3. MATERIALS AND METHODS

The present investigations were carried out at Regional
Research Station, Kandaghat, Department of Vegetable Crops,
br Yashwant Singh Parmar University of Horticulture and
Forestry, Solan (H,P.) during the Kharif, 1989. Details
of the experiment along with the material used and the

techniques employed are given in this chapter.

3.1 GENERAL

3.1.1 Experimental site

The Research Station is situated mid-way between
Solan and Shimla on National Highway-22, at an altitude
of 1500 m above mean sea level; at a latitude of 30°57*' North

and longitude of 77°6' East .

3.1.2 Climate

‘Meteorological data for the crop period could not b
recorded locally because of non-availability of observatory.
Hence, the weather data recorded at Vegetable Research
Station, Solan having more or less identical climatic
conditions have been included and the mean weekly data

have been appended in Appendix-A and illustrated graphically

in Fig.1l.

The overall weather was favourable for the crop

growth.
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3.2 PHYSICO-CHEMICAL PROPERTIES OF SOIL

A composite soil sample of the experimental site
(0-15 cm depth) was taken before the start ol cexperlment
and analysed for physico-chemical characteristics. The

physico-chemical properties of the experimental field have

Been shown in Table 3.1.

It is evident from the data in Table 3.1 that the
soil was loamy 1in texture, neutral 1in reaction, hic¢h 1in

organic carbon, available K and P and medium in N, B, Mo

and Zn.
3.3 EXPERIMENTAL DETAILS

The experiment was conducted in Randomized Block

Design with three replications.

3.3.1 Detail of treatments

The experiment consisted of ten treatments. The detail

of treatments is given below:
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Table 3.1. Physico-chemical characteristics of the soil before the start of ths vxperiment

Soil characteristice

Content

Method employsed

A.

Mechanical analysis

Coarse sand (%)
Fine sand (%)

silt (%)
Clay (%)

Joxture

Chemical analysis

pH

Organic carbon(%)

=1
Availeble nitrogen (kg ha )

-1
Available phosphorus{kg ha )

-1
Avajlable potessium(kg ha )

Exchangeable Ca (ppm)

Exchangeable Mg (ppm)

Available Zn (ppm)

Available B (ppm)

Available Mo (ppm)

32.12
13.54
30.72
22.80
Loam

7.3

291.65

46,6

352.09

1053
688.2

1.16

0.96

0.18

International pipette method
(Pipur,1966)

(1:2.5 s0il water suspension).
Glass electrode pH meter (Jackson,
1967)

Wulkley wund Uluck's Hapld titratiun
muthod (Pipur,1966)

Alkalinu purcmunyunutu muthod
(subbish and Auiju,19560)

Olsen's method (Piper,1966)

Ammonium acetate method using flame
photometer (Jackson,1967)

Ca and Mg were sextracted with
neutral ammonium acetats (pH 7.0)
and determined by Versenate
method (Kanwer and Chopra,1976)

Extracted with OTPA solution
(Lindsay and Norvell,1969) -and
determined by Atomic Ahsorption
Spectrophotomatury.,

Extracted in hot water (Wear,1965)
and determinod by carmine method
(Hatcher and Wilcox,1950),

Extracted with acid ammonium
oxulato (pH 3.3) wvolution (Griny,
1953) and dolurminod by thiocyanute
orange red colour method (Jackson,
1967).




Truatment Nutrient element spplied ARpplication ratvu
symbol
7 Control No fertiliser application
1 -1
T N 100 kg ha
2 -1
T N:pP 100:50 kg hs
3 ’ -1
T N:P:K 100:50:50 kg ha
T4 »
¥ N:P:K + Zn 100:50:50 - + ZnsnA 2{) kg ha
> -1
T N:P:K + Mg 100:50:50 + I*IgSUA 10 kg ha
6
-1
T . N:P:K + B 100:50:50 + Barax 10 kg ha
7
-1
T N:P:K + Mo 100:50:50 + Ammonium molybdate 1 kg ha
g
T9 NiB:K + Zn + Mg + B + Mo 100:50:50 + ZnSD4 20 kg + NgSD4 10 kg + Borax

-1
10 kg + Ammonium molybdate 1 kg ha

NiP:iK + 2 Fgliar eprays of 100:50:50 kg ha-1 + 0.7 in onu spray
Jagramin-99 (chulatud

form of micro-nutrients)

at rhizome initiation stage

and one month after first

spray

T
10

% Composition of Jagromin-99 is given In Appondix-H

Replications : 3

Plot size

Gross 3mx l.8m (6 rows 3 m long)

Net 2mx 1.2 m (4 inner rows)
Variety Local (seed procured through the Dept.of
used Agriculture)

3.4 FIELD CULTURE

3.4.1 Layout of experiment

The layout of experiment with randomization of various

treatments has been given in Fig,2.
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3.4.2 Preparation of field

The experimentél field was prepared with the help of
3 ploughings given by desi plough, each ploughing followed
by planking. The experimental area was divided 1inco three
blocks for three replications and 10 plots within each

block labelled well.
3.4.3 Manure and fertiliser application

FYM @ 30 ¢t ha_1 was applied to each plot and mixced
well with the soil. Full dose of P upd K and 4n, My, U
and Mo and % N was applied at the time of sowing. Remaintng
N was applied in two splits viz. % at rhizome initiation
and % at tillering stage. Calcium ammonium nitrate (25% N),
single superphosphate (16% P205) and muriate of potash
(60% :K?) were the sources used for nitrogen, phosph. rus
and potassium respectively. Two foliar sprays of Jagromin-99
were given; first at rhizome initiation and second one

month after the first coinciding the rhizome development

Btage.
3.4.4 Sowing of seed rhizomes

The weight of the each seed rhizome fingers - ranged
between 15 to 20 g. The sowing was done on May 15, 19Y39Y.

The seed was placed in 30 cm  apart furrows and seed to

Seed distance was kept at 20 cm. Prior to sowing, rhizomes

were treated with Dithane M-45 @ 0.85 per cent and Bavistin @

0.5 per cent for one hour and dried in shade for twenty
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four hours for check against the rhizome rot.

3.4.5 Harvesting

The border rows were harvested separately and removed
from the plots. Net plots were harvested afterwards and

rhizomes from these blots kept Beparately.

3.5 OBSERVATIONS RECORDED

3.9.1 Growth parameters

For recording the observations on growth parameters
under study, five plants in each treatment were randomly

selected from the net plot.

3.5.1.1 Pseudo-stem length: Stem length was measured in c¢m,

from ground level to the top of the tallest 1leaf sheath

and was recorded as average stem length per plant.

3.5.1.2 Number of tillers per plant: Average number ot

tillers per plant for every plot were worked out.

3.5.1.3 Number of leaves per plant: Average number of leaves

from each selected plant were counted and worked out for

each plot.

3.5.1.4. Leaf area: 20 leaves from each plot were selected

. 2 5
and leaf area in cm“ was taken on automatic leaf area meter.

3.5.2 Yield parameters

The evaluated yield and yield contributing characters

are as follows:
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3.5.2.1 Rhizome size: The size of the rhizomes was worked

out in terms of length and breadth.

3.5.2.1.1 Rhizome length: Rhizome length  was rocorded

in cm for every rhizome of five randomly selected plants

per plot and average worked out for each plot.

3.5.2.1.2 Rhizome breadth: Rhizome breadth was measured

at three places in cm and average width calculated.

3.5.2.2 Yield per plant: The average fresh weight of

‘the rhizomes of the five selected plants was recorded

and averaged as yield per plant in g.

3.5.2.3 Rhizome yield per hectare: The yield (g ha_l) was

calculated on the basis of net plot (2x1.2 m2) yield,
3.5.3 Dry matter accumulation

Two plants (from border rows) at random woere sclecteoed
from each plot at every growth stage viz., rhizome
initiation (76 days after sowing), tillering (101 days
after sowing) and harvest stage (185 days after sowing) and
separated into +tops and rhizomes. These samples were
washed with tap water to make them free of extraneous
matter gnd then with 0.1 N HCl, single distilled water
and finally with double distilled water. The sampies
were oven dried at €5+5°C for four days Lill constant
weighf. Dry weight thus obtained, was expressed 1in kg ha“l

for rhizomes and tops separately by the following tormula:
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_Dry weight of two plants(g) x 10000

tter
pbry na ) 0.12 x 1000

accumulation(kg ha

1

3.6 CHEMICAL STUDIES

3.6.1 Plant studies

Ooven dried rhizomes and tops samples as described
in section 3.5.3 were ground to powdery mass and subjccted

to chemical analysis.

The samples were digested in 4:1  nitric acid
perchloric acid mixture. The digest was dissolved in
double distilled water and filtered into 100 ml volumetiric
flask. In order to have complefe transfer of the digested
material, three washings of the digestion flask were
given with double distilled water and volume made to
100 ml. P.in the extract were determined by Vanadomolybdo-
phosphoric yellow colour method (Jackson,1973). Ca and
Mg in the extract were determined by versenate method
(Richard,1954) and K was determinedy flame photometrically
(Jackson,1967). Zn was determined on Atomic Absorption

Spectrophotometer.,

For estimation of N, the plant material was digested

in concentrated H,S0,. in the presence of digestion mixture

(400 g K?_SO4 + 20 g CuSO4 + 3 g HgO + 1 g Se-powder,

thoroughly mixed). After digestion the NH4—N was estimated

by colorimetric method as described by Baethgen and Allcy

(1989).
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Separate dry ashing for B and Mo was done in muffle
furnace for 6 hours at 550°C. Then ash was taken in 10 ml
of 1 N HCl. B and Mo were then determined by carmine
method (Hatcher and Wilcox,1950) and potassium thiocyanatce
orange red colour method (Jackson,1967), respectively,

using Spectronic-20 spectrophotometer.
3.6.2 Soil chemical studies

After the harvest of crop, surface soil sampies
(0-15 cm depth) were collected from each plot. Samples
were dried, ground and mixed thoroughly and used for
the determination of available. nutrient contents viz.,
N, P, K, Ca, Mg, %n, B and Mo by using the standard methods

as given in Table 3.1.

3.6.3 Nutrient uptake
3.6.3.1 Macro Nutrients: Macronutrienl uptake by rhizomes

. -1
and tops (in kg ha ) was worked out according to the

formula:

Nutrient -1 = Nutrient content(%) x Dry matter(kg ha 1
uptake(kg ha ) 100 =0

3.6.3.2 Micro Nutrients: Micronutrient uptake was calculated

. -1 .
(in g ha ) for rhizomes and tops separately wusing- the

formula:

Nutrient . -1
uptake(g hél)‘: Nutrient content(ppm) x Dry matter(kg ha ") x 1000
\ 10000 x 100
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Total nutrievnl uptake by yingoer plant  wau catculated
by summing up the nutrient uptakes by rhizomes and tops

treatmentwise for each stage gseparately.

3.7 QUALITY PARAMETERS AND INCIDENCE OF RHIZOMLE ROT

3.7.1 Quality parameters

'3.7.1.1 Crude fibre content: The estimation of Jrude

fibre content was done by the acid-alkali digeslion (ashing)
method with 5 g sample as described by Sankaram (1966)

and calculated in per cent dry weight.

3.7.1.2 Oleoresin content: The oleoresin conloent Wi i3

determined by using acetone as a solvent as per procedure
outlined by the Association of Official Analytical Chemists

(Horwitz, 1980) and measured in per cent recovery.

3.7.1.3 01l content: The o0il content was doelermined by

using Clevenger apparatus as per procedure outlined by
Association of Official Analytical Chemists (Horwitz,1980)

and calculated in per cent dry weight.

3.7.2 Incidence of rhizome rot

The 1incidence of rhizome rot was worked out by

observing the symptoms on plants of every plot and cxpressed

as per cent rhizome rot.

3.8 ECONOMIC ANALYSIS

After taking into considceration the variableu ati
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well as tixed inputs and corresponding raluy, Lhe  cosl
incurrod on vach Lreatment was  worked out  (Appendix-a).
Simultaneously gross returns were worked oult  lor  cach
creatment based on market rates of the produce. Net returns
were then worked out by deducting the cost.incurfed f rom

the gross returns of the particular treatment.
3.9 STATISTICAL ANALYSIS

All the data relating to growth and yield studies,
chemical studies, quality parameters, economic analysis
and for nutrient uptake were statistically analysed by
following  the procoduro  daacelbed by Cochaan and oy
(1963). The treatment effects were tested at 5 per cent

E 4

level of significante.

3.9.1 Correlation studies

The coefficlient of correlation (r) wuan calculated

by the formulae:

ng - gl; X . ;/ Y

r

XY - Z
2 2 2
/ 5x% - (£x) /ex? - (£€v)°
_/ —'_/
n - n
where,
XY = sum of products of the corrcsponding valuces of
X and Y
éixz _ .
, = sum of square of variable X
b = sum of square of variable Y
cx = sum of all the variables ol X
Y = sum of all the variables of Y
n = number of observations/treatment
r =

Pearson's coefficient of correlation
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4. EXPERIMENTAL RESULTS

Experimental results obtained from the field experiment
conducted at the Regional Research Station, Kandaghat during
Kharif 1989 have been presented in this chapter with the
help of data tables and suitable illustrations under four

broad sub-headings.

I) Crop growth and yield studies
IT) Quality studies and incidence of rhizome rot
III)Plant and soil chemical studies

IV) Correlation studies and economic analysis
4.1 CROP GROWTH AND YIELD STUDIES

The data pertaining to effect of various treatments on
pseudo-stem length (cm), number of tillers plant-l, number
of leaves plant_l, leaf area (cmz), rhizome size 1in terms
of rhizome length (cm) and rhizome breadth (cm), yiold
plant—l (g), rhizome yield ha-l (q) and dry malter
accumulation (kg }ufdj in.tops and rhizome at different
stages of growth have been presented in Table 4.1 to 4.3,
and their correspondiﬁg analysis of variance have “boeen

appended in Appendix-B.

4.1.1 Crop growth studies

4.1.1.1 Pseudo-stem length

Data pertaining to mean 1length of pseudo-stem, as
affected by various fertiliser treatments, are given 1in

Table 4.1 and illustrated graphically in Fig.3.
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A perusal of the 'Table 4.1 revealed Lhal Lthe planls
of treatment T, registered maximum pseudstem lergth
(39.56 cﬁ) and were statistically superior to all other
treatments and were followed by T4 and Tg,which were at
par with each other. On the other hand, the minimum pseudo-
gstem length (29.12 c¢m) was oObserved in case of control
(Tl), which was at par with ‘1‘5. No significant differences

were observed in plant height of treatments T.,, T T

3 8" 6’
Tye Tq and Te .
4.1.1.2 Number of tillers per plant
Observations on mean number of tillers per  plant,

as affected by various treatments, are detailed 1in the

Table 4.1.

An examination of the data revealed that all the
fertiliser treatments were statistically superior to control

(Tl),which produced lowest number of tillers (2.4) per plant.

Highest number of tillers (5.8) per plant were recorded
in TlO which was at par with T,- The differences between
treatments T, and Ty were found to be . non-significant.
Similarly, no significant differences were observed amony
various wtreatments viz., T9, T3, 'T2, T%, T8 and all these

Lreatments remained statistically supcrior to 'r .
J

4.1.1.3 Number of leaves per plant

Data on average number of leaves pcr plant, as affected
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Table 4.1 Pseudo-stem length,number of tillers plant-l, No.of
leaves plant_l and leaf area (cm”) as influenced

by various treatments in ginger

.Treatments Pseudo-stem Number Number Leaf area
length(cm) of of leaves (cmz)
tlllefi plantnl
plant ——
Tl 29,12 2.40 24.13 28.30
T, 31.15 4.40 . 37.87 28.51
T3 34.31 4.67 39.20 28,779
T4 36.55 5.40 41.20 29.07
T5 30.46 2.93 25.00 28.47
T6 31.24 4,33 38.60 28.64
T7 30.91 3.33 29.93 28.49
Tq 33.51 4,33 39.00 28.78
T, 36.32 5.20 41.07 29.18
Tl0 39.56 5.80 41.80 28.86
S.Ed. 0.78 0.23 0.95 0.05

C.D. at 5% 1.65 0.48 1.99 0.11
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by various fertiliser treatments, have been tabulated in

the Table 4.1

It is evident from the data that T,, produced higher
number of leaves per plant (41.8), closely laltlowed hy

Ty '1'9 and T, and was statistically superior to rest of

thae treatmontps,., Thoe lTeasl number ol lecave s W ¢ prrenhuced
by T, (24.13) and it was at par with T,. No appreciable

differences were observed among treatments T,, T3, Tg,

-'|'(; Lult Aall these troatmonbs  wepser gl al jrl ically e don
J

to T7.

4.1.1.4 Leaf area

The results on mean leaf area, as 1influenced by

various fertiliser treatments have been embodied in the

Table 4.1,

An examination of the data revealed that the lcaf
area (cm) was significantly increased by all the fertiliser
treatments as compared to control. With the combincd
appli;ation of minor elements viz., 2Zn, Mg, B, Mo and NPK

(T9), there was a significant increase in . leafl  arca

RIS

compared to rest of the treatments. T4 (NPK) ranked sccond

in respect of 1leaf area and was significantly superior

to Ty T3, the latter two being at par with each other.

Treatment T was significantly superior to treatments T

and T,ywhich were statistically similar to each other.
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4.1.2 Yield parameters

4.1.2.1 ‘Rhizome size

The effect of various fertiliser treatments on rhizome
size in terms of rhizome length (cm) and breadth (cm)

have been given in the Table 4.2.

4.1.2.1.1 Rhizome length: It 1is evident from Tahle 4.2

that mean rhizome length, as affected by various fertiliser
treatments, ranged from 8.15 to 12.58 cm, being Jowest
in treatment T, and highest in treatment T,,. Treatment T,
was statistically superior to all the treatments excepting

T4, T9 and T3. An increase in rhizome length of 4.17 cm,

3.03 cm, l1l.26 cm was recorded in case of T4 (NPK) over

Tl' (control), T2 (N) and T3 (NP), respectively. No

appreciable differences were observed among tratments

T T T and T,. There

gt Tqi Ty Tyr Tg 1

was a decrease in rhizome length with soil application

'Tg, T3, T8; T3, TB' '1‘6; T6' T

of minor elements along with NPK.

4.1.2.1.2 Rhizome breadth: An examination of Table 4.2
revealed that T4 registered maximum rhizome breadth (6.94 cm),

which was closely followed by Tg: Ty, and 1¥3;while minimum

rhizome breadth (4.52 cm) was observed in case of control

(Tl);whiqh was comparable with T, and T,. Treatments T

2
and Tb exhibited a significant differcence, but  hoth werce

at par with T6'



Table 4.2 Ginger yieid per plar: ancé¢ per ha and rhizome size as influenced by
various treatments

Treatments Yield_l ?er cent Rbizome -1 ?er cent Rbizome size_

plant increase vield ha increase Rhizome Rhizome

(g) over (g) over length breadth

control control (cm) (cm)

T, 62.73 - 63.61 - 8.15 4.52
T2 112.73 79.71 98.61 55.02 9.?9 5.69
T, 115.27 83.76 103.61 62.88 11.06 5.31
T4 125.87 100.63 117.22 84.28 12.32 6.94
T5 72.€7 15.83 71.81 12.89 8.43 4.61
T¢ 112.20 78.8¢ 99.86 56.99 8.63 5.65
T, 82.73 31.€&% 77.08 21.18 8.69 4.68
Tg 11z,853 8l.€2 122.49 61.12 10.59 6.69
Ty 128.¢° 100.€: 1.6.25 82.75 11.73 6.85
TlO 12€8.,¢53 105.=%: 2121.39 90.83 12.58 6.82
.Ed €.53 - 6.07 - 0.76 0.17
at 5% 13,72 - 22.76 - 1.60 0.36

97



4.1.2.2 Yield per plant

Observations on rhizome yicld poer plant (4, NES
influenced by different fertiliser treatments, have been

summarised in Table 4.2 and 1illustrated graphically 1n

4(b)..

It was found that the highest rhizowme vyicld per
plant was recorded in case of (treatweat v (128,93
plantql), which remained at par with Ty Ty, and T and
markedly superior to all other treoalments. Yicld per plant
increased with the application of NPK fertilisers (T4) by

100.65 per cent, 11.66 per cent and 9.2 per cent over

2 3

significant differences were observed among Lreatments

control (Tl), N (T,) and NP ('l.,), tespeclively. No

T4, T9, ‘T3, T8' ’T2, T6; Tﬁ, 'PS and 'Pl. Yield per plant
was found to be decreased with the so0il  application of
minor alements viz., %n, Mg, B oand Mo, Max 1inam doecroase
in yield per plant was found in casec of e (53.2 gy plant-l)

followed by T7 (43.14 g plant_l) over W,

4.1.2.3 Rhizome yield

The rhizome yiecld (g ha_l) asiintluaenced by various

treatments.has been Summarised in Table 4.2 and 1 lilustral od

graphically in Fig.4(a).

An examination of the data revealed that the rhizome

Yield increased with the application of NPK (lﬁ) fertilisers

by 84.28 per cent,' 18.87 per cent and 13.14 poer coent over
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. . . .
control (Tl)' N (Tz) and NP VP3L respectively. The highes

yletd (121.39 gy) was recorded wilhh Llhe applicalion ol

-1 Dy
recommended doses of NPK (100:50:50 kg ha ) fertilisers

tollowed by two foliar sprays ot Jagrowmin-99 (Tlo), whirch
was significantly superior to rest of the treatments

excepting T, and ﬂu))which remained at par with T, and

cach other. No signiticant diffcerences weto obueirved  amuny

treatments T9, T3; T3, TB' 'T6, T2: 'FS, T ©. and T The

7 % 1
rhizome yields decreased with the soil application of
minor elements viz., Zn, Mg, B and Mo. The maximum decreasc

-

of 45.4 q ha”1 and 40.1 g ha_1 was noloed with application

of zn (20 kg 2znSO, ha ') and B (10 kg Borax ha %)
respectively over NPK.
4.1.3 Dry matter accumulal jion

Data on the dry matter accumulation (ky ha—l) by

tops and rhizomes at different stages of growth arce prescented

in Table 4.3 and have beon Bl Tusbyated graphirea b by o FPaglt

It is evident from the data that the applicualion

of NPK (T4) produced highest dry matter through tops;

however, at par with 'I‘l0 and 1\), stgniticant ly  superior

to rest of the treatments at the rhizome initiation stage.
In case of rhizomes, Tip produced highest dry matter ,wbich
remained at par with Ty and T

significantly superior to control (T]) in

4° Al the trcatmenls  were

respect of  dry

matter accumulation through tops and rhizomes at rhizome

initiation : Stagé' No Significant (Hff('rvn(‘c-:; wiere obsorved



Table 4.3 Dry matter acc:nﬂation (kg ha-l) in tops &nd rhizomes az
differeat stages of growth of ginger as affected by various

treatments
Treatments - STAGES
Rhizome initiatiza Tillering Harvest
Tops Rhizc=ss Tops Rhizomes Tops Rhizomes
T, 362,22 209.4F 661.11  1100.00 904.33 2035.44
T, 417.7¢ 345.00 786.11 1655.56 1182.44 3781.11
T, 433,3¢ 383,32 §11.11 1700.00 122€.00  3936€.11
T, 46G.4¢ 3¢5.k52 913.89 1876.67 1322.75 4444.44
T, 398.8¢ 276 .€° 736.11 1441.66 1035.78 2632.22
T¢ 421.6° 342,22 €41.66 1708.33 11€¢.67 4047.78
T, 405.5: 223.(: 753.89 1580.56 1128.45 2997.55
Tq 431.6° 348 ,¢8¢ £77.7¢& 1752.78 12€2.63 413(.56
T 463.8°% I¢3.:¢ £27.22 1858.33 1272.45 4457,78
Tio 467.2: IeT.T: . GLl.€€ 1922.22 13232011 457:.89
S.Ed. 8.47 B 24.C¢ 41.86 2L.87 22:.03
C.D.at 5% 17.7% P 50.€0 87.95 £ L€ £65.59

6l
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butween tratmentd T3, Ts, T6 and T2.

Treatment TlO accounted for the highesltl dry malter
production through the tops and rhizomes at the tillering
staye , which was al par with 'r9 and T4. ‘PB watr  lound
to be statistically at par with T9, T4 and T% in respect
of dry matter production through tops. In case of rhizomes,

no appreciable differences were observed between treatments

8" T6 and T3.

to control in respect of dry matter production through

T All the treatments were significantly superior

tops and rhizomes at ‘tillering stage.

At the harvest stage, treatment TlO' behaving

statistically alike with T T, and T produced highest

qf 8 4’

dry matter through the tops and rhizomes. No significant

differences were observed between treatments Tg, T8' Tg;

Tqr Tey T, and T, and T7 in respect of dry matter production

a' Tg

and T6' was significantly superior to T3, T2, T7 which

through tops. Treatment T9, closely followed by T

were again at par with each other, in respect of dry matter
production through the rhizomes at the harvest stage.
It was found that all the treatments were superior to

control (Tl) in respect of dry matter accumulation by

tops and rhizomes.
4.2 QUALITY STUDIES AND INCIDENCE OF RHIZOME ROT

Data on oil content (%), oleoresin content (¢), crude

fibre content (%) and 1incidence of rhizome rol have  boeon

presented in Table 4.4 and corresponding analysis of variance
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are appended in Appendix-C.

4.2.1 Quality studies

4.2.1.1 Ginger oil content

None of the fertiliser trcatments could unignificantly

affect the ginger oil content (%) as shown in the Table 4.4,
However, the application of NPK + B (T7) accounted for

highest ginger oil content (1.96%) and T, the lowest.
4.2.1.2 Oleoresin content

Data pertaining to per cent oleoresin content as
intluenced by various fertiliser Lrcatments are presented

in the Table 4.4.

Highest oleoresin content in rhizomes (5.59%) was

recorded with the application of NPK + B (7T1,) , which was

7
closely followed by T,. No gsignilficant dillcrences  woere

observed among treatments T6' T@, ’1'8 and 'I while the

9 ’
latter two also observed to be not significantly different

from T and T

9 10° Application of nitrogen (T

2
for the lowest oleoresin content, although. statistically

) accounted

at par with Tl"TB' TlO and Tyr the former two being ar

par with Tg,while the latter two with T_, also.

8

4.2.1.3 Crude fibre content

Observations on the per cent crude fibre content as

affected by various fertiliser treatments are summarised in



Table 4.4 Effect of wvariots
oleoresin content(%),

rhizome rot

treatments or: the ginger o0il content(t),
crude fibre content(%) and incidence of

Treatments Ginger o0il Oleoresin Crude fibre Incidence of yafzoug

content(%) content(%) content(%) rhizome rot(%)

Ty 1.71 5.29 3.88 22.11(27.97)

T, 1.67 5.25 3.92 22.59(28.07)

T3 1.75 5.31 3.73 26.03(30.67)

T, 1.75 5.34 3.83 24.21(29.33)

T 1.83 5.47 3.72 14.06(21.92)

Te 1.88 5.49 3.60 24.91(29.85)

T, 1.96 5.59 3.63 21.92(27.77)

Tg 1.79 5.42 3.77 22.19(27.81)

Ty 1.88 5.39 3.62 24.23(29.37)

TlO 1.79 5.33 3.7¢€ 23.07(28.63)

S.Ed. 0.153 0.051 0.0¢56 3.5C3
C.D.at 5% NS .11 0.2C2 NS

Figures in the parentheses represents Arc Sine
transformecé vzlues

(A
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the Table 4.4,
7
The crude fibre content was tound to be highest

(3.92%) with the application of N (T2) followed by Ty

T4, ‘r10' T@, T3 and 'TS. Lowest crude fibre content was

vobserved in case of treatment 'P6 (NPK + Mg) ; whiich

was statistically similar to T T T, and T, .,

9' Tgr Tgr Ty Tg 10
the latter five treatments being again on par with T,

4.2.2 Incidence of rhizome rot

A statistical analysis of the data showed that the
fertiliser treatment failed to affect +the 1incidence of

rhizome rot (Table 4.4).

However, application of NPK + 2n (T.) accounted

)
for lowest. (14.06%) incidence of rhizome rot in ginger

followed by T, (21,92%), T (22.11%) and Ty (22.19%).

7 1
Highest incidence of rhizome rot (26.03%) was recorded

with the application of NP (T3), followed by T (24.23%),

9

and T4 (24.21%).

4.3 PLANT AND SOIL CHEMICAL STUDIES

4.3.1 Nutrient content in ginger plant

The data pertaining to effect of various tfatments
on nutrient content ian tops and rhizomes of ginger at
different stages of growth have been given in 'Tables 4.5 to
4.12 and the corresponding analysis of vafiance have been

appended in Appendix-D.
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4.3.1.1 Nitrogen content

Oobservations on the content of nitrogen in ginger
plant tops and rhizomos at different atages of crop growth

are given in the Table 4.5.

The nitrogen content in the ginger , in general, was
found to be maximum at rhizome initiation stage which

thereafter started decreasing with advancement of the

crop growth.

The ginger tops of treatment Tg contained the maximum

N content at rhizome initiation stage,which was statistically

at par with T T T T and T

6’ 9 while at  tillering

2' ‘'s! 10!

stage treatment T, behaving statistically alike with

T, was found to contain the highest N content. Similarly,

treatment T, being statistically indistinguishable from
'1‘5, '1‘8, '1‘2, '1‘10, '1‘3, was found to have the maximum N contonb
in the tops at the harvest stage. Plant tops obtained
from control (Tl) contained lowest N content at all the

stages of growth, however, were at par with T, at rhizome

7
initiation and harvest stage.

None of the fertiliser treatments could significantly
affect the N content in the rhizomegat rhizome initiation
stage. Whereas at the tillering stage, maximum N content

in the rhizomes was recorded 1in case of treatment T2,
which was statistically at par with T%, 'PS, TB' 'P3 and T
4.

Treatment T, was found to contain highest N content in

the rhizome at the harvest stage, though remained at par

with TS' Tg, T2, T9 and Tjg. Lowest N content in the rhizomes



Table 4.5 Nitrogen content(%) in ginger tops and rhizomes at different stages of
growth as affected by various treatments

Treatments Tops Rhizorzes
Rhizome Tillering Harvest Rhizome Tillering Harvest
initiation stage stage initiation stage stage
stage stage '
Ty 3.05 2.71 1.76 1.96 1.€6 1.56
T, 3.41 - 3.11 2.00 2.08 1.90 1.77
T, 3.24 3.05 1.94 2.05 1.80 1.71
T, 3.23 3.08 1.99 2.03 1.7 - 1.72
TS 3.40 3.22 2.07 2.10 1.E5 1.81
Te 3.36 3.27 2.08 2,15 1.86S 1.83
T, 3.21 ' 3.02 1.89 2.02 1.73 1.61
Tg 3.44 3.12 2.03 2.09 1.80 1.79
Ty 3.27 3.02 1.92 2.12 1.6¢ 1.75
TlO 3.27 3.04 1.98 2.06 1.7¢ 1.74
S.Ed. 0.082 0.051 0.068 0.082 0.2€7 0.050
C.2. at 5% 0.174 0.107 0.143 NS 0,140 0.106

Gt
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was recorded in the control (Tl) at all stages of growth,
however, it was at par with 'Pg, T7, 'Plo, T4, 'F3 and 'P8 at

tillering and T, at harvest stage.
4.3.1.2 Phosphorus content

Data on the phoephorus content in tops and rhizomes
as affected by various fertiliser treatments are tabulated

in the Table 4.6.

In general,the content of P in the tops and rhizomes
decreased with advancement in age. However, this decrease

was more pronounced in the tops than in the rhizomes.

Application of NP (T3) produced ginger tops with
highest P content at rhizome initiation and tillering

stage, which was at par with TlO’ 'P7, 'r4 in the former

and with Tyr Tor Ty and Tg in the latter stage. Application
of N (T2) was found to decrease the P content in the tops

at the harvest stage as compared to T1 (control),; while

the application of P increased the P content in the tops.

Treatment T4 recorded highest P content in the tops, which

remained statistically at par with all other treatments

except T2 and Tl' Lowest P content was observed in treatments

T, and Tz,which were statistically at par with each other

and w1thk'r5 and T@ at rhizome initiation and tillering

stages.

Similar trend in respect of P content in rhizomoes

was recorded at the rhizome initiation and tillering stages.



Table 4.6 Phosphorus content(%) in ginger tops and rhizomes at c¢ifferent stages of
growth as affectel by various treztments

Treatments Toos Rhizomes
$h§zgme. Tillering Harvest Bh?zgme. Tillering Harvest
initiation stage stage initiation stage stage
stage ' stage
T1 0.461 0.400 0.259 0.208 0.207 0.176
T, 0.469 0.389 0.241 0.211 0.222 0.198
T, 0.586 0.499 - 0.299 0.283 0.282 0.219
T4 0.547 0.483 0.301 0.281 0.272 0.218
T5 0.505 0.417 0.271 0.259 0.238 0.199
T6 0.523 0.453 0.285 0.265 0.254 0.213
T7 0.533 0.480 0.296 0.267 0.270 C.214
T8 0.536 0.466 0.292 0.263 0.267 0.221
T9 0.502 0.418 0.274 0.245 0.232 €.200
T10 0.553 0.£472 0.297 0.271 0.267 £.215
S.Ed. 0.023" 0.C22 0.016 0.012 0.:-08 T.012

C.D. at 5% 0.0489 0.0459 0.0326 0.0243 0.:172 \S
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The fertiliser treatments failed to affect the P content

in rhizomes at the harvest stage,
4.3.1.3 potassium content

K content in tops and rhizomes at different stages
of growth as influenced by various fcrtiliser tratments

is presented in the Table 4.7.

A perusal of the data revealed that the K content,
in general, decreased with the advanccment of  growth of
ginger plant. This decline was more rapid 1in the tops
then in the rhizomes. It was observed that the application
of N or Nf decreased the K contcent iIn rhizomes and  tops

at all stages of growth.

None of the fertiliser treatments could significantly
affect the K content in the tops at rhizome initiation

and.harvest stages. However, Tﬁ produced tops with highest
K content in both the stages. K content in the tops was

significantly affected by the various fertiliser Lreatments

at tillering stage. Highest K content was recorded in

case of treatment T closel 11 '
101 Y fo owed by TS, I‘71 T4I 8"

Ty and Tei while the lowest K content was registered i

T3 which was comparable with Tl, T. and T,_.

2 6

K application significantly increased the K content

in the rhizomes at rhizome initiation stage, being highest

in the treatment T5 which was

statistically ot par wilh



Table 4.7 Potassium content(%) in ginger tops and rhizomes at different stages of
growth as affected by various fertiliser treatments '

Treatments Tops Rhizomes
Rhizome Tillering Rhizome Rhizome Tillering Harvest
initiation stage stage initiation stage stage
stage stage
T, 4.188 3.800 2.338 2.838 2.48¢8 2.263
T2 4,150 3.850 2.300 2.763 2.463 2.213
T, 4,138 3.763 2.238 2.729 2.413 2.200
T4 4,350 4.025 2,325 2.988 2.550 . 2.463
T5 4,325 4,063 2.413 3.025 2.538 2.538
Te 4.264 3.938 2.200 2.913 2.500 2.325
T, 4,375 4.038 2.400 2.950 2.525 2.438
Tg 4,300 4,013 2.375 2.938 2.563 2.400
T9 4,225 ' 3.975 2.250 2,925 2.48% 2.338
T10 4.313 4,075 2.275 3.000 2.575 2.363
S.Ed. 0.095 . 0.026 0.079 0.088 0.07¢ 0.087
C.D. at 5% NS 0.201 NS 0.184 NS 0.183

6¢
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i T . th tillerin sLaye Lhe
10' '1‘4' T7' T8, T9 and 16 At e Yy ’

K content in the rhizomes was not significantly affected

ll\

av i atigti like
by various treatments. Tg. behaving statistically a
i ignificantl increased the K
with T, Ty Tg and T,q4s 819 y
content in the rhizomes of harvest stage as compared to
other treatments. Application of NP (T3) produced rhizomes
with lowest K content at all stages , which was statistically
at par with T, and.ﬂﬁ_ at rhizome initiation and ﬂa, Tl'

T T, and T at harvest stage.

6' 9 10

4.3.1.4 Calcium content

The effect of various treatments on the Ca content
in tops and rhizomes at different stages of growth 1is

presented in Table 4.8,

It is evident from the data in Table 4.8 that the
Ca concentration in tops and rhizomes was found to be
highest at tillering stage and thereafter, 'a decline 1in

the Ca concentration was observed.

The Ca' concentration in the tops was significantly
affected by the application of nutrient elements as compared
to control at rhizome initiation stage. Highest Ca content

was recorded in case of treatment Too which was statistically

at par with all other treatments except control. At the

tillering stage treatments .failed to significantly affect

the Ca concentration. Treatment T7 produced tops with

highest. Ca content at the harvest stage, which was



Table 4.8 Calcium content(%) in ginger tops anéd rhizomes at different stages of
growth as zffected by various treatments »

Treatments Tops Rhizomes
Rhizome Tillering Harvest Rhizome Tillering Harvest
initiation stage stage initiation stage stage
stage stage
T, 1.053 1.235 1.079 0.143 0.163 0.159
T, 1.274 1.391 1.287 0.159 0.198 0.186
Ty 1.287 1.430 1.261 0.160 0.195 0.192
T, 1.209 1.443 _ 1,235 0.152 0.190 0.184
Tc 1.261 1.417 1.339 0.152 0.200 0.189
T6 1.209 1.378 1.270 0.157 0.187 0.178
T, 1.313 1.482 1.378 0.177 0.202 0.199
Tg 1.300 1.456 1.313 . 0.173 0.196 0.194
Tq 1.287 1.443 1.300 0.161 0.185 0.196
T10 1.196 1.404 1.287 0.157 0.188 0.187
S.Ed. 0.067 0.094 0.066 - 0.007 0.009 0.007
C.D.at 5% 0.140 NS 0.138 0.014 0.018 0.015

184
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statistically at par with all the treatments except T,
and Ty. All the. fertilised treatments significantly increased

the Ca content as compared to Tl.

At the rhizome initiation stage, treatment T, behaving
statistically similar to Tgy produced rhizomes with
significantly higher Ca content; while the lowest Ca content

was recorded in treatment T, which was statistically

comparable with T, and Tg. Ca content was significantly

increased by the fertiliser treatment as compared to control,

being highest in treatment T.. Treatment 1., exhibiting
no ostatistical differences to Ta, Th and T|, produced

rhizomes with highest Ca content at the harvest slage
and all the fertiliser treatments were statistically superior

to control (Tl).

4.3.1.5 Magnesium content

The data on the Mg content in tops and rhizomes

at different stages of growth as affected by various

treatments are presented in the Table 4.9.

The Mg content in the tops was found to be maximum

at tillering stage and thereafter, therc was a sharp dccline

in the Mg content; while in case ot rhizomes there was

a gradual decline with the advancement of growth stage.

Application of Mg with NPK (T6) significantly increasced

the Mg conFent in the tops at rhizome initiation stage.



Table 4.9 Magnesium content(%) in ginger tops and rhizomes at different stages
of growth as affected by various treatrents :

Treatments Tops Rhizomes
Rhizome Tillering Harvest Rhizome Tillering Hervest
initiation stage stage initiation stage stage
stage stage
T, 0.211 0.471 0.314 0.151 0.127 0.121
T, 0.458 0.508 0.319 0.165 0.146 0.129
T3 0.430 0.525 0.335 0.169 0.154 0.145
T, 0.437 0.507 0.340 0.157 0.149 0.150
Tg 0.466 0.492 0.338 | 0.161 0.153 0.152
Te 0.537 0.576 0.377 0.178 0.169 0.166
T, 0.496 0.503 0.335 0.167 0.152 0.145
Tg 0.462 0.499 0.324 0.157 0.147 0.144
T, 0.530 0.558 0.3%2 0.180 0.166 0.163
T10 0.445 0.480 0.3z9 0.162 0.158 0.153
S.Ed. 0.026 0.030 - 0.C0Z3 0.012 0.011 0.212
C.D.at &3 0.054 0.062 NE NS NS C.024

£y
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. . hiah
At the tillering stage also, T6 produced tops with 19

Mg content, though statistically at par with T, and T .

The Mg concentration at harvest stage was not significantly

influenced by various treatments. Treatment 'Pl was. foundl

to produce tops with lowest Mg content at chizowe inilial ion

and tillering stages, which was statistically comparable

with Tyr Tye Tyge T,» Tg and Tg in case of former and

with T T T T7, T8; T5 and T10 in case of latter stage.

3' "2 4

The treatments failed to significantly influence
the Mg cosntent in case of rhizomes at rhizome initiation

and tillering stages, however, Tq produced rhizomes with

high Mg content.

At the harvest stage, treatment T6 produced rhizomes

with highest Mg concentration which remained statistically
at par with all the treatments except T2 and Tl . while

treatment’ Tl' statistically comparable with T and T

2 3’

produced rhizomes with lowest Mg concentration.

4.3.1.6 Zinc content

Observations on 2Zn content in tops and rhizomes

at different stages of growth as affected by various

treatments are presented in Table 4.10.

A perusal of the data in Table 4.10 reveals that

the Zn content, in general, decrcased with the advancement

of growth stage in the ginger plant.



Table 4.10 Zinc content(ppm) in ginger tops and rhizomes at different stages of
growth as affected by various treatments :

Treatments Tops Rhizomes
Rhizome Tillering Harvest Rhizome Tillering Harvest
initiation stage stage initiation stage stage
stage stage
T, 35.33 33.33 23.33. 17.33 13.33 12.67
T, 40.67 37.33 24,33 22.33 18.00 16.00C
T, 37.67 35.00 23.67 19.00 15.33 14.0C
T, 39.33 36.67 25.00 20.33 17.67 16.67
Tg 49.33 44 .33 30.33 26.33 25.33 23.67
Te 43.67 39.33 28.33 21.67 19.67 14,33
T, 41.00 3€.00 25.67 22.33 18.00 15.67
Tg 41.67 37.67 26.00 18.33 18.33 16.3=
Tq 48.00 42,33 32.67 26.67 21.67 20.07%
TlO 40.00 3¢.00 29.33 23.33 20.33 17.67
‘S.EC. 2.698 2.137 1.990 | 2.049 1.83¢ - 1.525
C.D.at 5% 5.67 £.49 4.17 4.30 3.86 3.1¢
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Maximum Zn concentration at the rhizome initiation
stage was recorded in the tops obtained from plots treated
with NPK 4 Zn (Ts), which was statistically at par with
Tg and Te* Application of Zn significantly increased
the Zn content in the tops at tillering stage. 1In this

wa

stage, treatment Tg, statistically on par with '1‘5,

significantly superior to rest of the treatments. At the

harvest stage, Tg, behaving statlistically similar wilLh

T5 and Tlol

Lowest Zn content in the tops was found in case of

significantly increased the 2n in the tops.

';]_’

which was statistically at par with Ty T and T

4’ T1o 2
37 4’ 'I‘2 and TB at
tillering stage and with Tyr Ty T,r Ty and Tg at harvest

at rhizome initiation stage, with T T

stage.

Rhizomes obtained from treatment T, were found to

be highest in respect of Zn content at rhizome initiation

stage, however, were statistically similar with T. and

Tlo' At tillering stage, treatment TS’ behaving statistically

alike with Tg, produced rhizomes with highest Zn content.
Zn content in rhizomes was significantly influenced by

the application of NPK + 2Zn (TS) at the harvest sfage.

The Zn content was fourild to be lowest in case treatment

T, at all stages of growth A which was statistically at

par with TB’ T3 and T4 at rhizome initiation stage, with

Ty at tillering stage and with T3, Te and T, at harvest

stage.
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4.3.1.7 Boron content

The data on the B content in tops and rhizomes at
different stages of growth are presented in Table 4.11.
It is evident from the data in Table 4.11 that the B content
in the tops decreased with the advancement of crop growth.
In case of rhizomes, B content declined after the tillering

stage.

Application of B in combination with NPK (T7)

significantly increased the B content in the tops at all
the crop growth stages as compared to all other treatments.
Lowest B content in the tops was recorded in case of control

(Tl) at rhizome initiation and tillering stages, which

was statistically at par with T T2, TlO and T, in the

6’ 4

former and with T4+ T, and T, in the latter growth stage.

At the harvest stage, plant tops obtained from plots

treatment with N (Tz) were lowest in B content, which

was Stati ti ll i m " n [TL e
stically similar with T3, 11, 14, 18' 15 and 16'

None of the treatments could significantly affect

the B content in the rhizomes at all stages of growth.

However, B content was higher in the rhizomes obtained

from plots treated with B.
4.3.1.8 Molybdenum content

Observations on the Mo content in tops and rhizomos

at different stages ,a8 influencced by varjious tertiliser

treatmentslare presented in the Table 4.12.



Table 4.11 Boron content(ppm) 1in ginger tops and rhizomes at different stages
of growth as affected by various treatments

Treatments .
Tops Rhizomes

Rhizome Tillering Harvest Rhizome Tillering Harvest

initiation stage stage initiation stage stage
stage stage

Ty 38.83 33.44 23.33 14.39 -. 15.00 11.50
T, 40.28 33.67 21.83 14.50 15.11 11.83
T, 42.67 35.00 22.00 15.15 15.56 11.78
T4 39.28 35.61 23.50 14.85 16.52 12.11
T5 44.22 36.56 25.00 14.85 15.46 12.06
T6 41.39 38.00 25.33 14.55 15.13 12.22
T, 48.51 45.78 31.00 15.67 16.89 12.94
T8 44.00 38.83 24.72 14.69 15.4¢ 12.33
T9 42.89 39.89 26.22 15.89 16.33 12.78
TlO 39.67 38.39 27.00 15.17 15.74 12.44

S.Ed. 1.813 1.23% 1.696 1.112 1.298 1.023

C.C.at 5% 3.81 2.60 - 3.56 NS NS NS




Table 4.12 Molybdenum content(ppm) in ginger tops and rhizomes at different stages
of growth as affected by various treatments

Treatments Tops Rhizomes
Rhizome Tillering Harvest Rhizome Tillering Harvest
initiation stage stage initiation stage stage
stage ‘ stage
T, 1.283 1.143 0.720 0.790 0.713 0.650
T, 1.320 1.227 0.803 0.803 0.752 0.703
T3 1.267 1.233 0.820 ) 0.753 0.730 0.647
T, 1.233 1.170 0.750 0.730 0.712 0.680
T 1.303 1.283 0.827 0.773 0.740 0.653
T6 1.290 1.143 0.770 0.770 0.717 0.633
T, 1.2€0 1.180 0.687 0.712 0.613 0.580
Tg 1.377 1.330 0.893 0.943 0.853 0.767
Tq 1.377 1.330 0.910 0.973 0.820 0.773
TlO 1.240 1.230 0.870 0.750 0.760 0.753
S.Ed. 0.131 0.104 0.094 0.109 0.089 0.101
C.D.at 5% XS NS NS NS NS ' NS

6v



As in case of N, P, K, the Mo content also declincd
with the advancement in growth stage in both rhizowes
and tops. It was found that all the treatments failed
to significantly affect the Mo concentration in the tops

and rhizomes at all stages of growth.

Highest Mo content in the tops and rhizomes at all

etages of dgrowth was observed in case of treatments TB

and Tq, respectively. Treatment T7 accounted for the minimum
content of Mo in the rhizomes at all stages ol Qroth.
rowest content of Mo in tops at rhizome initiotion stage,
tillering stage and harvest stage was observed in  casc

of treatments T4, T1 and T6 and Tl’ respectively.

4.3.2 Nutrient uptake by ginger plant

Data on nutrient uptake through ginger tops and
rhizomes have been summarised in Tables 4.13 to 4.20 and

their analysis of variance have been appended in Appendix-E.

4.3.2.1 Nitrogen uptake

The Pi uptake 'through plant tops and rhizomes, as

affected by various treatments, at different stages of

growth has been presented in Table 4.13. Total N uptake

by ginger plant has also been illustrated diagrammatically

in Fig.6.

A perusal of the data in Table 4.13 revealed that

the rate of nitrogen uptake was highest, in respect of



Table 4.13 Nitrogen uptake (kg ha-l) by different plant parts of gincer at different stages
of growth :
Treatments STAGES
Rhizome initiation Tillering Harvest

Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total

‘I‘l 4,11 11.04 15.15 18.24 17.92 36.16 31.85 15.89 47.74

T, 7.16 14.24 21.40 31.48 24.43 55.91 66.74 23.68 90.42

T3 7.23 14.06 21.29 30.51 24.73 55.24 67.39 23.77 91.16

T4 8.01 15.15 23.16 33.33 28.20 61.53 76.63 26.30 102.93

T5 5.82 13.58 19.40 26.66 23.67 50.33 47.67 21.45 69.12

T6 7.35 14.18 21.53 32.30 27.55 59.85 74.19 24.75 98.94

T7 5.74 13.03 18.77 27.29 23.09 50.38 48.18 21.12 69.30

T8 7.30 14.87 22,17 31.55 27.25 58.80 74.00 25.63 99.63

T9 8.38 15.19 23.57 31.22 27.09 58.31 78.03 24,51 102.54
T10 8.19 15.27 23.46 33.45 28.63 62.08 79.71 2€.16 {95.87
S.Ec. 0.334 0.527 €.582 1.416 0.974 2.656 £.722 0.976 4.755
C.D.at 5% 0.70 1.11 1.22 2.98 2.05 5.58 €.92 2.05 9.99

15



total plant, in between tillering and harvest stages,
when N was directly administered to soil as a fertiliscr.
All the fertiliser treatments under study were signilicaontly
sﬁperior to control at all stages of crop growth in respect
of total nitrogen uptake and uptake by different plant
parts. In case of tops, maximum nitrogen accumilation
was found at tillering sBtage and thercaftuer, a decline
in the nitrogen accumulation was observed; while rhizomes

.continued to be accumulating N till harvest stage.

Tops accumulated higher proportion of N at rhizome
initiation stage as compared to rhizomes in all the
treatments under investigation. Highest N ‘uptake in the

whole plant and rhizomes (23.57 and 8.38 kg ha_i

respectively) was recorded in treatment Ty, which - was
at par with treatments Tlo and T4. TlO registered higher

nitrogen uptake (15.27 kg ha-l) in the tops at  rhizome

initiation stage, which was statistically indistinguishable

from T9, T T

g8’ T2 and T .

4’ 6

The N uptake at tillering Stage through rhizomes,

tops and whole plant was found to be xnaximdm (62.08, 33.45,

-1 . . . :
28.63 kg ha ~) in Tlo,whlch was statistically at par with

treatments T4, T6' 'TB and T9; Out of the tolal N removed

by the whole plant at tillering stage, rhizomes accumulated

higher N quantity as compared to the tops owing to the

higher dry matter,

At  the harvest stage, Like  the il lering HLage,
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TlO removed highest quantity of N in the whole plant and

-1 .
in the rhizomes (105.87 and 79.71 kg ha =, respectively)

4' 9’ T8 and 16’

but superior to rest of the treatments. In case of tops,

and was statistically comparable with T T

maximum uptake of N was found in T, ,closely followed by

42
19’ 8’ T6 and T9. Rhizomes accounted for 66.72, 73.81,
73.92, 74.45 and 75.29 per cent of total N removed in

Uy T

'l and 'I'

cave wf treatments Tl' gs 3! 4 1o’

27 respectively,

4.3.2.2 Phosphorus uptake

The P uptake (kg ha-l) + by different plant parts,
at different stages of growth, as affected by various
treatments has been presented in Table 4.14. The total

P uptake by ginger plant has been illustrated diagramatically

in Fig.7.

' An examination of the data reveals that the rhizomes
continued to accumulate P till harvest stagce; while the
tops accumulated P till tillering stage apd  thereafter,

there was a decline in the p accunmulation.

The P uptake was significantly influenced by fertiliser

applications at rhizome initiation stage. 1t was found

-that the removal of P by tops was higher than rhizomes.

At rhizome initiation stage, highest uptake of P in the

=]
whole plant (3.66 kg ha ) and in the 1ops (2.58 K lna_l)

wa i i
$ found in treatment TlO' which was comparable with

T4 and T3.

P removal by rhizomes was found to b ¢qual among



Table 4.14 Phosphorus uptake (kg ha—l) by different plant parts of ginger at different stages

of growth
Treatments STAGES
Rhizome initiation Tillering Harvest
Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total
T, 0.44 1.67 2.11 2.28 2.65 | 4.93 3.61 2.34 5.95
T, 0.73 1.96 2.69 3.77 3.05 6.82 7.49 2.84 10.33
T, 1.00 2.54 3.54 4.80 4.05 8.85 8.62 3.66 12,28
T, 1.08 2.57 3.65 5.10 4.41 9.51 9.67 3.98 13.65
Tg 0.72 2.01 2.73 3.44 3.07 6.51 5.21 2.81 8.02
Te 0.91 2.25 3.16 4,34 3.81 8.15 8.57 3.40 11.97
T, 0.76 2.22 2.98 4,26 3.67 7.93 6.36 3.31 9.67
Tg 0.92 2.32 3.24 4.71 4,06 8.77 .12 3.68 12.80
Ty 0.97 2.32 3.29 4,31 3.75 8.06 8.92 3.50 12.42
T 0 1.08 2.58 3.66 5.14 4.46 9.60 9.81 3.94 13.75
S.EC. 0.043 0.104 0.095 0.192 0.228 0.322° 0.582 0.167 0.627

C.C.at 5%0.09 0.22 .20 0.40 0.48 0.67 1.22 0.35 1.32




T and T4 (1.08 kg ha_l), which were at par with T3 and
10

significantly superior to rest of the treatments. No
significant differences in respect of P uptake by the
whole plant were observed between treatments'Tg, T83 Tb;

T6' T7; and TS and TZ' 1t was ftound that all Lhe ULreatmoents

were superior to control in respect of P removal. Rhizomes
removed higher quantities of P as compared to tops at
tillering.stage under all the treatment excepting control

(T,). As in rhizome initiation stage, T removad highaoyt

1 10

(9.60 kg ha_l) amount of Eﬂ,closely' followed by 'r4 in the

whole plant and was significantly superior to rest of
the treatments studied. P accumulation at tillering stage

of rhizomes and tops was found to be maximum (5.4 and

1

4.46 kg ha ~) in TlO' which was statistically at par with

T, and T3 and significantly higher than all other treatments.

Lowest uptake of P was found in case of control (Tl).

At the harvest stage, T10 was found to be best 1in
respect of P uptake by whole plant (13.75% kg ha—l) and

rhizomes (9.81 kg ha-l),which was comparable with T, arnd

Tg. The P removal by tops was found to be highest (3.9y

-1
kg ha 7) in T4’closely followed by TlO' TB and 'Pb. Treatment

T) registered the lowest uptake of P (2.34 kg ha ') in

case of tops and all the fertiliser treatments under study

were significantly superior to it. The rhizomes accumulated

60.67, 72.51, 70.19, 70.84 and 71.34 per cent of Total

P removed by whole Plant in treatments ’Pl, T2, Té. T and
4
Tior respectively at the harvest stage,
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4.3.2.3 Potassium uptake

The K uptake through plant tops and rhizomes, as
influenced by various treatments, at diflerent staycs
of gyrowth has been presented in 'Table 4.15. 'The Lotal
K uptake by ginger plant at different stages of growth hus

been illustrated graphically in Fig.8.

Tt is evident from the data (Table 4.15%) that  the
rhizomes continued to remove K from the soil. till harvest
staga; while the Lops removed K Lill tillering staye and
attvrwards, there was a decllne in the K accumulalion.
However, the wuptake of K by the whole plant increased
with the age of the plant. There was a significant increase
in K uptake with the fertiliser application as comparced

to control, by the different plant parts at all stages

of growth.

A perusal of the data in Table 4.15 revealed that
the maximum uptake of K at rhizome initiation stage by

the whole plant (32.23 kg ha-l) and the tops (20.41 kg ha—l)

was recorded in case of T4, which was at par wits 1

'10

and Tb. No significant differenccs woere  obscerved  belween

troatmoents TG' T3, T '1‘2, '1‘7; ’l‘./ and 'l'b n reupoect O

2;

K uptake by the whole pPlant. The removal of x by rhizomes

was lower under all the treatments studied as compared

to tops. Highest uptake of K by rhizomes was recorded

in treatment T (11.93 kg ha—l):

10 closely followed by

treatments T-4 and Ty. Treatments TB' T(, T, and T2 did not
)



Table 4.15 Potassium uptake (kg ha_l) by different plant parts of ginger at differgnt stages

of growth
Treatments ‘ STAGES
Rhizome initiation Tillering Harvest
Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total
T, 5.94 15.17 21,11 27.40 25.13 52.53 46.16 21.15 67.31
T, 9.53 _17.34 26.87 40.78 30.27 - 71.05 83.52 27.22 110.74
Ty 9.64 17.94 27.58 41.03 30.52 71.55 86.79 27.45 114.24
T, 11.82 20.41 32.23 47.88 36.78 84.66 109.51 30.74 140.25
Ty 8.37 17.25 25.62 36.56 29.90 66.46 66.69 . 24.99 91.68
Te 8.97 17.91 27.88 42.73 33.17 75.90 94.06 26.17 120.23
T, 8.42 17.74 26.16 39.94 30.95 70,79 73.25 26.81 100.06
Tg 10.26 18.55 28.81 44.92 35.01 79.73  9°.24 29.99 129.23
T, 11.58 15.60 31.18 46.24 35.65 81.89 104.20 28.69 132.89
Tlo 11.93 20.16 32.09 49.48 38.34 £7.82 10&.17 30.14 138.31
S.Ed4. (.457 0.452 0.552 1.840 1.274 1.87¢ 6.610. 0.948 6.827
C.D.at 5% €.96 0.95 1.16 3.87 2.27  3.94  13.89 ©1.99 14.34

LS



differ significantly with wvach other.

Treatment T,, was found to accumulate high K (87.82

kg ha-l), closely followed by T4 and was significantly

superior to all other treatments in respect of total K
uptake at tillering stage (Table 4.13). In this stage,
the rhizomes removed higher proportion of K as compared

to tops. Treatment T . accumulated highest K in the rhizomes

10
1 -

- ' 1 ) .
(49.48 kg ha ~) and in the tops (38.34 kg ha ~) and was

significantly superior to all the treatments except T,

which was at par with TlO' No significant differences

were observed between treatments T,, T T

4 9' g’ 8' "¢’
'1‘6, T7, T3, ' '1‘2 and '1‘5 in both rhizomes and LOps

4

T9, T T

at tillering stage.

Treatment T4 registered highest uptake (140.25 kg ha_l)

of K by the total plant at harvest stage which was found

to be statistically similar with TlO’ T9 and T while

8;

the treatment T and T8’ but was

¢ Was comparable with T9

significantly lower than Ti1o and T4« Almost similar trend
was recorded in case of rhizomes and tops at harvest stage

as in whole plant in which highest K uptake was again

recorded 1in treatment T4 (109.51 and 30.74 kg ha-l;

respectively), closely followed by T

’

10’ TBAand 'P9. Untreated
control (Tl) removed lowest quantity of K in the ginger

Plant at all growth stages and al1 other trecatments were

superior to Tl' Rhizomes accounted for 65.68, 75.42, 75.97,

78.08, 78.21 Per cent of total K removed at harvest stage

in treatments Ty, T», T3, T4 and T10- respectively.
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4.3.2.4 Calcium uptake

-1 L
Data on the uptake of Cua (kg hu 7) by different

plant parts, at different stages of growth, as influenced
by various fertiliser treatments ol the study, are summarised
in Table 4.16. The total Ca uptuke by yginger plant at
different stages of growth has also been  illustraled

diagrammatically in Fig.9.

The data reveul a gradual 1ncrcatic  in Cu accumiat ion
in different plant parts commensurate with the advanccument
in growth. The Ca uptake by tops, rhizomes and total plant
was significantly influenced by vurious fertiliser treatments
over the control at all stages of growth. 'The tops removed
a larger proportion of calcium as compared to rhizomes

in all the treatments at all stages of growth.

Highest Ca uptake (kg ha_l) by the plant as a whole

and tops at rhizome initiation stage was recorded in

treatment T9 (6.62, 5.88 kg ha ~, respectively) , Closely

followed by T4, T8’ TlO and T3 and was statistically superior

to rest of the treatments. The Ca removal by rhizomes

at rhizome initiation stage was again tound to be may imum

in treatment Tg (0.64 kg ha—l)‘which was comparable with

TlO' T4, T8 and statistically bLiigho than rest of Lhe
treatments, Tl registered lowesl  accumulalion ol Cua in
the total plant (4.12 kg ha—l), tops (3.82 kg ha_l) and

rhizomes (0.30 kg ha-l)



growth

reatments STAGES
Rhizome initiation Tillering Harvest
Rhizcres Tops Total Rhizomes Tops Total Rhizomes Tops Total
Tl 0.30 3.82 4,12 1.78 8.16 9.94 3.23 9.75 12.98
T2 0.55 5.32 5.87 3.28 10.95 14.23 7.03 15.21 22.24
T3 0.57 5.57 6.14 3.32 11.61 14.93 7.35 15.48 23.03
T4 0.60 5.67 6.27 3.56 13.16 16.72 8.19 16.33 24.52
T5 0.42 5.03 5.45 2.89 10.42 13.31 4,99 13.87 18.86
T6 0.54 5.10 5.64 3.19 11.58 14.77 7.22 15.18 22.40
T7 0.50 5.32 5.82 3.18 11.34 14.52 5.36 15.42 21.38
T8 0.60 5.62 6.22 3.44 12.66 16.10 7.99 16.60 24.59
T9 0.64 5.98 6.62 3.43 12.96 16.39 8.76 16.55 25.31
T10 0.62 5.58 6.20 3.62 13.25 16.87 8.55 17.06 25.61
S.Ed. 0.02 0.28 0.28 0.16 0.80 0.78 0.52 0.87 1.07
C.D.at 5% 0.049 0.58 0.58 0.346 1.678 1.646 1.089 1.831 2,24

09
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At tillering stage, T, recorded highest Ca

accumulation (16.86 kg ha-l) in the total plant and was

at par with T4, T9 and T8. Ca uptake by the tops was found
to be maximum (16.87 kg ha-l) in Tlo’which.'waB. statisticnlly

gimilar to T,, T.,, T T and T

4 8’ °3

treatments. In case of rhizomes, TlO' behaved statistically

6 but superior to other

similar to T T T9, T3 and Tz, accounted for higher

4' 8'
removal of Ca (3.62 kg ha ') than T , T and T, at tillering

stage.

Uptake of Ca by the total plant was found to be

1

maximum in T,, (25.6 kg ha”~), though statistically alike

to T T and T

9’ 4
at the final harvest stage. In the tops also, T10 removed
rignificantly more Ca (17.06 kg ha-l) than T?, Te and

Tg, T

g and superior to all other treatments

Te, but was statistically not differen” from Tg» 4"

T3 and T Rhizomes at the final harvest stage accumulated

more Ca under T, (8.76 kg ha~t

4+ Tg and significantly higher than rest of the

), remaining at ‘par with

Tior T
treatments studied. Unfertilised control (Tl) accounted
for lowest accumulation of Ca in both tops and rhizomes

and all the fertiliser treatments were superior to it.

4.3.2.5 Magnesium uptake

Observations on the Mg uptake by the ginger plant

at different stages of growth are given in Table 4.17 and

Fliunt rated graphlically in 1*ig.10.



Tazble 4.17 Magnesium uptake (kg ha-l) 2y different plant parts of ginger at different stages

of growth
Tr2atments . STAGES
Rhizome initiation Tillering Harvest
Rhizomes Tcps Total Rhizomes Tops Total Rhizomes Tops Total
Tl 0.31 1.48 1.79 1.39 3.12 4.51 $2.48 2.84 5.32
'I‘2 0.57 1.92 2.49 - 2.41 4.00 6.41 4.88 3.78 8.66
T3 0.60 1.86 2.46 2.62 4.26 6.88 5.73 4.11 9.84
'I‘4 0.62 2.05 2.67 2.79 4.63 7.42 6.67 4.50 11.17
T5 .45 1.86 2.31 2.21 3.63 5.84 4.04 3.50 7.54
T6 0.61 2.27 2.88 2.88 4.84 7.72 6.74 4.48 11,22
T7 0.47 2.01 2.48 2.39 3.85 6.24 4,32 3.75 8.07
T8 0.55 2.00 2.55 2.58 4.35 6.93 5.96 4,07 10.03
T9 0.71 2.47 3.18 3.08 5.00 8.08 7.28 4.87 12.15
TlO 0.65 2.08 2.73 3.03 4,52 7.55 7.00 4.36 11.36
S.Ed. 0.037 0.144 0.137 0.181 0.293 0.350 0.573 0.249 0.625
C.D.at 5% 0.077 0.302 0.287 0.380 0.616 0.736 1.204 0.523 1.313

Z9
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An examination of the data in the Table 4.17 reveals
that the Mg removal by the total plant and rhizomes increased
with the advancement of growth;, whereas there was a drop
in the Mg accumulation after tillering stage in the tops
under all the treatments. Mg accumulation in the tops
was more than that of rhizomes upto tillering stage and,
thereafter, rhizomes accounted for more Mg accumulation

~than tops in all the treatments excepting T,.

Application of minor elements viz. Zn, Mg, B, Mo in
combination with NPK (Tg) significantly influenced the
Mg uptake by the total plant as compared to rest of the
treatments at rhizome initiation stage. In case of tops
nlno, Ty though nmtatistically similar to Teo aignificantly
increased the Mg uptake as compared to all other treatments
Aatudied. T ,bring ntntjntjca].ly at par with T+ Accounted
for significantly higher removal of Mg than rest of treat-
ments in rhizomes at rhizome initiation stage. Lowest
removal of Mg in the ginger plant (rhizomes and tops)

was found in treatment Tl,where no fertiliser were applied.

At tillering stage also, T9 accumulated highest

Mg in the total plant, rhizomes and tops (8.08, 3.08,

-1
5.00 kg ha ~, respectively), however, was statistically

at par with Ter T10 and T4, but significantly superior

to rest of the treatments studied. Lowest uptake of Mq

was again recorded in unfertilised control in the tops,

rhizomea and total plant,

Similar pattern regarding Mg accumulation at final
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harveat stage by rhizomes, tops and total plant was recorded
as found at tillering stage. Total plant, rhizomes ard
tops obtained from plots treated with NPK + 2ZN + Mg + B +

Mo (Tg),being at par with T T Ts' removed highest

10’ 4'
Mg, while unfertilised control (Tl) being 1lowest. Rhizomes

accounted for 46.62 per cent, 56.35 per cent, 58.23 per cent,
59.71 per cent, 59.92 per cent, 60.07 per cent, 61.62

per cent of the total Mg removed in treatments Tl’ T2,

T g7 TG and TlO' respectively at final harvest

T T

37 T4

stage.
4.%.2.6 Zinc uptake

The 7n uptake by different plant parts of differenr
stages of growth as influenced by various treatments is=s
presented in Table 4.18. Total =zinc uptake by ginger plant

at different stages of growth has been illustrated

graphically in Fig.l1l.

An examination of the data (Table 4.18) reveals
a{gradual increase in the 7Zn uptake by whole plant and
rhizome with the advancement in growth stage as affected

by various treatments. Zn accumulation in the tops increased

consistently upto tillering B8Btage in all the treatments

and therecafter;, no definite trend was followed in the

fertiliser treatments vunder study. The Zn accumulation

in the whole plant, tops and rhizomes was significantly

influenced with the application of fertilisers.



Table 4.18 Zinc uptake (g ha-l) by different plant parts of ginger at different stages of

g;owth
Treatments STAGES
Rhizome initiation Tillering Harvest
Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total
Tl 3.62 12.09 15.71 14,58 23.41 37.99 26.24 21.10 47.34
T2 7.21 16.99 24.70 29.93 29.32 59.25 60.91 28.71 89.62
T3 7.71 16.33 23.04 26.08 28.41 54.49 55.06 29.01 84.07
T4 8.03 ‘ 18.48 26.51 33.16 33.55 66.71 74.17 33.07 107.24
T5 7.28 19.69 26.97 36.50 32.66 69.16 62.09 31.42 93.51
T6 7.40 - 18.42 25.82 33.55 33.15 66.70 69.05 . 33.78 102.83
T7 6.34 16.59 22.93 28.47 29.05 57.52 -47.01 28.75 75.76
T8 6.38 17.99 24,37 32.11 32.85 64.96 67.40 33.02 100.42
T9 10.56 22.24 32.80 40,27 40.66 80.93 89.35 41.68 131.03
T10 9.28 18.67 27.95 39.05 36.65 75.70 80.91 38.92 119.83
S.Ed. 0.572 1.168 1.255 3.187 -1.732 4.497 7.398 2.951 7.530

C.D.at 5% 1.20 2.45 2.64 "6.70 3.64 9.45 15.54 6.20 15.82
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A perusal of the data in the Table 4.18 revecals
that the tops removed a higher proportion of ¥n “than 1 ho
rhizomes at the rhizome initiation stagye 1n all Lhe

treatments studied. Application of minor nutrient elements

viz. Zn, B, Mo, Mg in combination with NPK (7T had a

g)
significant positive affect on the Zn uptake by the whole .
plant, tops and rhizomes as compared to other fertiliser.
treatments at rhizome initiation stage. Lowest accumulation

of Zn in the whole plant, tops and rhizomes was found

in case of treatment Tl and all other . treatments were

superior to it.

Treatment Tg {80.98 g h@ily,though being statistically

at par with TlOI and superior to rest of the treatments

accounted for the hilighest removal ot Zn (80.Y3 y hu—l) in

‘the whole plant at tillering stage. The tops removed higher

Zn than rhizomes except in case of treatments '1‘2, '1‘6 and

Tlo at tillering stage. The 2Zn accumulation in the rhizomes

of tillering stage was highest in Ty, closely followed

by TlO and'Ts; but superior to rest of the treatments

studied. In case of tops also, treatment Tq significantly

affected the Zn uptake. Lowest 2zZn removal by whole plant,

tops and rhizomes was observed in treatment T and all

1
other fertiliser treatments were superior to it.

At the harvest stage also, Tgs behaving statistically
similar to TlO' accumulated highest Zn in the whole plant

-1 -
(131.03 g» ha ~) and tops (41.68 g ha l). Rhizomes recovered
’
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from Tg removed maximum 2Zn, but was statistically at par

with TlO and T4. Treatment Tl accounted for lowest Zn

romoval by whole plant, rhizomws and Llops al the harvest
stage and all the other fertiliser treatments removed
a significantly higher amount of Zn than it. Rhizomes
at the final harvest stage accounted for 55.43 per ’‘cent,
67.96 per cent, 65.49 per cent, 69.16 per cent_' 66.39
per cent, 68.19 per cent, 67.52 per cent' of the total

vn romoval 1in case of treatmentu T i\

l' 2'

and TlO’

4.3.2.7 Boron uptake

The data pertaining to B uptake, by different plant
parts, at differont wstagos of yrowlh, au ol lucnced by
various fertiliser treatments are summarised 1in the

Table 4.19. Total removal of B by ginger plant at different

stages of growth has been illustrated graphically in Fig. 12.

B uptake by ﬁops reached maximum at tillering stage
and then declined (Table 4.19). Contrary to tops, B uétake
by rhizomes and total plant continued to increase upto
harvest. The B distribuﬁion trend in different plant parts

at rhizome initiation and tillering stage showed that

tops accumulated higher proportion ot total B removed

than rhizomes. At the harvest stage, reverse trend was

tollowed in all the treatinents.

A perusal of the data reveals that highest uptake of



Teble 4.19 Boron uptake (g ha*l) by different plant parts of ginger at different stages of

growth .
Treatments STAGES
Rhizome initiation Tillering Harvest
Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total
Tl 3.01 14.08 17.09 16.50 22.11 38.61 23.54 21.10 44.64
T2 5.00 16.82 21.82 25.08 26.46 51.54 45.10 25.86 70.9¢6
T3 5.35 18.50 23.85 26.46 28.38 54.84 46.31 26.91 73.22
T, 5.87 18.43 24.30 31.01 - 32.54 63.55 53.69 30.47 84.16
T5 4,11 17.63 21.74 22.27 26.92 49.19 31.79 25.88 57.67
T, 4.99 17.45 22.44 25.90 32.03 57.93 49.68 30.17 79.85
T, 4.47 19.68 24.15 26.67 34.99 61.66 38.83 34.66 73.49
T8 5.13 18.99 24.12 27.08 33.86 60.94 50.88 31.28 82.1¢6
Tg €.30 - 19.91 26.21 30.36 35.80 66.16 56.93 33.48 90.41
TlG €.03 18.52 24,55 30.24 36.15 66.39 56.90 35.78 92.7¢&
S.ES 0.427 1.732 0.898 - 2.400 1.280 1.730 5.143 2.319 6.218
C.0.at t= ¢.90 3.64 1.89 5.04 2.68 3.63 10.81 4.87 13.0¢

89
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B (26.21 g ha_l) at rhizome initiation stage by the tops,

W 0y Dhsesves . . .
rhizomes and whole plantyin the plots treated with minor

- . . » . v 'm
_elements viz. 2Zn, B, MO, Mg in combination _w1th NPK (T9),3r‘~

in case of whole plant and was at par with all treatments excepting

unfertilised control (T&) in case of tops, in respect of
B accumumulation. No significant differences 1in respect
of B accumulation by rhizomes at rhizome initiation stage

were observed beﬁween T9, TlO' T4 and all these treatments

were significantly superior to rest of the treatments.
Lowest B accumulation in tops, rhizomes and whole plant

at rhizome initiation stage was found in case of unfertilised

plots (Tl) and other treatments were superior to Tl.

At tillering stage, register ed highest uptake

T10
of B in the whole plant (66.39 g ha ') and tops, though

being statistically at par with T and T,, 1in the former

9 4

and T 0 T8 in the latter «case and was superior to

g T

rest of the treatments. The rhizomes obtained from plots

fertilised with NPK (T4) behaving staistically similar

. -1
to Tgs TlO' T8’ T7, T3, accumulated highest B (31.01 g ha )

as compared to T T

6" Lo T5 and Tl. B removal by whole plant,

tops and rhizomes at tillering stage was found to be 1lowest
in T& and all the remaining treatments were statistically
Superior to it.

TlO' remaining statistically alike with T T

9’ 4'
T8 and Te, accumulated significantly higher B (92.67 g ha—l)

1n ginger plant at harvest stage than remaining treatments.
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Lowest B uptake at harvest stage by the gilnger plant was
recorded in treatment Tllwhich was statistically nrnot

In case of tops, maximum removal of
)

different from T5 .

B was found to be in treatment Ty which was statistically
i ! T ! and T_,. Lowest B ruinoval in Lhe
similar to '110, 17, 1‘9 a '18 wes C

tops was found 1in Tl*which was at par with T, and T, at

the harvest stage. The uptake of B by the rhizomes was

found to be highest in treatment T, (56.93 g ha—l),which

9

was statistically at par with 7T T | T and T

10 Tqr Ty Tg 3°
T1 accounted for lowest B removal by the rhizomes at the
harvest stage and was statistically at par with treatment TS'

4.3.2.8 Molybdenum uptake

The effect of various fertiliser treatments on the
uptake of Mo by different plant parts at different stages
of growth of ginger has been shown in the Table 4.20.
Total Mo uptake at different stages of growth by ginger

was also been depicted gréphically in Fig.13.

An inquisition of the data reveals a gradual increase
in the Mo uptake by - rhizomes and whole plaht with the

advancement of growth stage. Whereas in tops, Mo

acCumulation was found to be maximum at Lillering  stuge

and afterwards, there was a slight drop in Mo accumulation

In all the treatments studied. 1'he rhizowes accumulated

@ higher proportion of Mo after rhizowme iniliation slayce

than the tops in all the fertiliscr treatments studied.



Table 4.20 Molybdenum uptake (g ha_l)by different plant parts of ginger at different stages of

growth
Treatments _ STAGES .
Rhizome initiation Tillering Harvest
Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total
Ty 0.165 0.465 0.630 0.782 0.756 1.538 1.325 0.650 1.975
T, 0.276 0.553 0.829 1.246 0.967 2.213 2.649 0.948 3.597
T3 0.267 0.549 0.816 1.242 1.002 2.244 2.55¢4 1.001 3.555
T, 0.289 0.579 0.868 1.382 1.072 2.454 3.023 0.990 4.013
T5 0.213 0.520 0.733 1.063 0.901 1.964 1.734 0.856 2.590
T, 0.263 0.543 C.806 1.222 0.960 2.182 2.574 0.926 3.500
T7 0.203 0.520 ¢.723 -0.967 0.900 1.867 1.703 0.767 2.470
T8 0.329 0.594 0.923 1.496 1.155 2.651 3.182 1.130 4.312
T9 0.385 0.638 1.023 1.522 1.1581 2.713 5.443 1.161 4.604
TlO 0.299 0.579 (.878 1.450 1.151 2.610 3.424 1.153 4.577
S.Ed 0.037 0.057 (.057 0.143 0.087 0.177 T.33¢8 0.10° 0.335
C.C.at 5% 0.077 NS .119 0.299 0.183  0.373 £.702 0.229 0.704

1L
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Treatment T, behaving statistically similar to
Tg, Was found to be significantly best in respect of Mo
uptake by whole plant (1.023 g ha_l) and rhizomes (0.385
g ha—l) at rhizome initiation stage. Lowest uptake of
Mo by whole plant and rhizomes at rhizome initiation stage
was fecorded in Ty which was statistically at par with
'1'5 and T7, and all other treatments were superior to 1L,
Fertiliser treatments failed to affect the Mo uptake by
the tops at rhizome initiation stage. However, highest

and lowest uptake of Mo tops at rhizome initiation stage

was recorded in T9 and T respectively.

ll
At tillering stage, treatment Tq statistically

comparable with Tgr Tig and T, registered significantly

higher Mo accumulation as compared to rest of the trealments

studied in the whole plant (2.713 g ha_l) and tops (1.191

-1
a

g h ). In case of rhizomes at Lillcering slage, T, being

9

statistically at par with T TlO' '1‘4, T2 and Ty, removed

8'
significantly higher amount of Mo than rest of the

treatments. Lowest removal of Mo was recorded in T which

1
was statistically at par with Tg» T, in case of rhizomes

and tops and with T, in case of whole plant at tillering

stage,

At harvest stage also, T9 removed highest

Mo in the whole plant (4.605 g ha—l),

amount of

rhilzomes (3.443

-1 -
9 ha ) and tops (l.161 g ha l); though stalistically at

Par with T Tgr T, in case of former two and with =

’
10 10’



g 4 T3 and T, in the latter case. Treatment T

accumulated lowest amount of Mo in rhizomes, tops and

I\ 1

in the whole plant; however, statistically similar to

Jt T in all the three cases at the harvesl staye. oOul

57 7
of the total Mo removed by the whole plant, rhizomes
contained 67.09 per cent, 73.64 per cent, 71.84 pcr coent,

75.33 per cent, 73.79 per cent, 74.78 per cent, 74.8l1 per

cent of Mo accumulation in case of treatments T T

1’ 2

T T TB' Tg, T at the end of the season.

3’ "4’ 10

4.3.3 Soil chemical studies

Data on available nutrients content have been

summarised in Table 4.21 with their corresponding analysis

of variance appended in Appendix-F.

4.3.3.1 Available nitrogen

A reference to the data in Table 4.21 indicatos
that Tg (NPK+Zn+Mg+Mo) behaving statistically similar
to Tg, Ter T4, TlO' Tz,significantly increased the available

nitrogen (residual) status of soil over T T T,

g Ty T3 T
which were statistically comparable with each other, while

the former three treatments being again statistically

at par with TlO’ T2’ T4 and 'r6. Application of N, NP, NPK,

NPK+Zn, NPK+Mg, NPK+B, NPK+Mo, NPK+B+Zn+Mg+Mo, NPK+Jagromin

accounted for 8.63 per cent, 5.04 per cent, 9.35 per cent,

12.59 per cent, 11.15 per cent, 5.4 per cent, 6.11 Aper cent,

13.67 per cent, 8.99 per cent incredse in  available N

Status of soil over controly respectively.



4.3.3.2 Avallable phosphorus

An examination of the data in Table 4.21 reveals
that the application of N (TZ) and NPK+7n (T'.')) pignificantly
decreased the available P status of the soil as compared.

r r Al - 7y o L d e
to PlO’ I'q, '18, T6 and comparable wiLh,lg, 1 L an 1

37 7 1
while all the former and 1letter treatments were &t par

with each other. Application of NPK accompanied with Two

tullav sprays wl Jagyromin (' ) accoaunt od | Ly Lo dplaensd

10
available P in the soil. The decrease in available P of

1’ T2, '1‘3 Jand

T, was 4.93 per cent, 1.07 per cent, 7.41 per cent, 12.86.

soil with application of NPK+Zn (Ts) over T

per cent, respectively.
4.3.3.3 Available potassium

Application of NPK (T4), statisvcically
indistinguishable from TlO' TS' Ty T, and T significantly
increased available potassium status of soil over rest of
the treatments. Lowest available potassium in soil was
recorded 1in case of unfertilised control (Tl)’ which was
statistically at par with T,, Tg, T, and T, (Table 4.21).
An increase of 2.42 per cent, 1.03 per cent and 7.61 per cent

in available K was recorded with the application bf_th NP

and NPK, respectively over control.
4.3.3.4 Available calcium

It is evident from the data 1in Table 4.21 that the

available calcium status of soil after harvest was inzreascd



Table 4.21 Effect of various treatments on the available N, P, K, Ca, Mg, 2Zn, B and Mo in the
surface soil (0~15 cm) after harvest :

Treatments Available Available Available Available Available Available Available Available

nitrogen phosphorus potassium calcium magnesium zinc Boron Molybdenum
(kg hahl) (kg ha-l) (kg ha-l) (ppm) (ppm) (ppm) (ppm) (ppm)
Tl 290.60 46.99 335.82 1027.00 643.80 - 1.273 1.123 0.190
- T, 315.69 45.26 343.95 1085.50 638.70 1.480 ~1.103 0.208
Ty 305.24 48.10 339.30 1079.00 636.50 1.227 1.133 0.198
T, 317.78 S0.54 361.38 1072.50 602.60 1.347 1.077 0.246
T5 327.19 44.78 359.06 1033.50 629.90 1.927 1.007 0.202
Te 323.01 49.68 349.76 1001.00 669.40 1.313 1.040 0.211
T7 306.28 47.46 353.25 1007.50 655.50 1.333 1.263 0.238
Tg 308.37 50.27 340.46 1001.00 649.60 1.433 1.093 0.289
Tq 330.33 48.57 355.57 1027.00 653.80 1.7°3 1.207 0.278
Tlo 316.73 50.82 360.22 1059.50 614.40 1.367 1.083 0.244
. S.Ed. 8.48 1.92 8.11 26.52 12.98 0.061 0.054 0.015
C.D.at 5% 17.81 4,03 17.04 . 55.72 27.27 0.129 0.113 0.032

SL



with the application of N (T2), closely followed by T

' it and T,.
'I‘4, TlO and T5 which were at par with Tl 9

availability of Ca was found to be lowest with the

The

application of NPK+Mg (T6), being at par with T T

8’

7l
Tig* Tl and Ts, the former one again at par with "I":L

O.
Application of N, NP and NPK accounted for 5.69 per cent,

5.06 per cent, 4.43 per cent increase in the available

Ca status of soil over the control.
4.3.3.5 Available magnesium

Observations on the avallable My status ol Lhe soll
as affected by various fertiliser treatments are presen.ted
in the Table 4.21. Application of NPK+Mg (T6) accounted
for the highest avallability of Mg in the surface soil.
Available Mg was found to be lowest with the application

of NPK ('1'4), followed by Tig+ NO appreciable differences

were o n !
bserved among treatment 'I‘.,, Tg, T8' Tl' r1‘2, 1‘3 and

Ty, the former four being statistically at par with Te

and the latter three with Tyo- With the application ol

NPK+Mg (TG)' an increase of 3.97 per cent, 4.80 per cent,

5.17 per cent and 11.08 per cent in available Mg status

of the soill was observed over Tl’ T2, T} and T4;FPHvativvly.

4.3.3.6 Available zinc

Application of zinc significantly increased the

available zinc status of the soil (Table 4.21). Treatment

TS (NPK+Zn) accounted for the maximum available zinc in the



soil and was sBuperior to the rest of the  treatments.

Treatment '1‘9 was also superior to all the treatments except

T Lowest availability of zinc in the so0il was observed

5.
with the application of NP (T3), closely followed by T

ll
TG' T7 and T4. A decrease of 3.61 per cent over control
was observed with the application of NP in the available
Zzn status of the soil. T5 accounted for 43.06 per cent
increase in zn status of soil as compared to T,
4.3.3.7 Available Boron

A reference to the data in Table 4.21 indicales
that the application of B in combination of NPK (T),
followed by Ty, significantly increased the boron status
of the so0il as compared to all other treatments. This
increase was 17.27 per cent, 21.47 per cent, 14.51 per
cent of 11.08 per cent over T,» Ty, T, and T, respectively.

Application of NPK+Zn (TS), though at par with T6' T4,
Tio° Tge T,, accounted for lowest availability of n 1n

surface soil at harvest time.
4.3.3.8 Available Molybdenum

Treatment T8 (NPK+MO), while remaining at par with
T, yaccounted for sighificantly highcer availability of
MO in soil than rest of the treatments (lable 4.21). An
increase of 17.48 per cent, 45.96 per cent, 38.94 per
cent, 52.1 per cent, 3.95 per cent was observed in the

available Mo with the application of NPK+Mo (T8) over T,

4
T, Ty Tl'and Tyg+ respectively. Lowest availability of Mo



was recorded in unfertilised control (1), closely followed

by Tqs TS' T2' Tge NO significant differences wore observed

among treatments 'r4, T10 and T7, the latter one again

at par with T6 and T2.

4.4 CORRELATION STUDIES AND ECONOMIC ANALYSIS

4.4.1 Correlation studies

The yleld of a crop 1s affected considerably by
plant characters. A knowledge of inter-relationship, if
any, that may exist between different characters provides
the explanation for the +type of eftect produced by a
treatment on the ultimate yield. Accordingly, the correlation

studies were carried out among the following characters.

1) Pseudo~-stem length (cm)

2) Number of tillers plant-l

3) Number of leaves plantml
4) Leaf area (cmz)

5) Rhizome length (cm)

6) Rhizome breadth (cm)

7) yield plant™' (g)

8) Yield hat! (q)

Simple correlations between all possible combinations
of the eight characters listed above were worked out and

the same are presented in Table 4.22.

The correlation coefficient's (r) betlween t hizome

1

yield ha~ (q) and various growth and yield contributing

characters viz. yield plant—1 (g), pseudo-stem length (cm),

- -1 -
number of tillers plant 1, number of leaves plant ~, rhizome



Table 4.22 Correlation coefficients

Rhizome Yield ; Pseudo- Leaf Number of Number of Rhizome Rhizome

yield plant stem area tillers leaves length breadth

ha-l length plant-l plant“l
Rhizome yield ha-l - 0.98%* 0.89** 0.87** 0.99*"* 0.97** 0.94** 0.92**
Yield plant-l - 0.82** 0.83** 0.98** 0.99%*  .89%* 0.89*%*
Pseudo stem length - 0.85** 0.91** 0.78** 0.97** 0.89**
Leaf area - 0.85%* 0.80%* 0.91** 0.87*%
Number of tillers - 0.95*%* 0.94** 0.89**
plant-l
Number of leaves - 0.86** 0.87**
pl::—mt_1

= 0.89**

Rhizome length

Rhizome breadth

** Significant at 1 per cent level of significance

6L



length and rhizome breadth were found to be 0.98, 0.89, 0.99,

0.97, 0.87, 0.94 and 0.92, respectively which were highly
significant. Similarly, yield pldnt_l was higyhly correlated
with pseudo-stem length (r=0.82), number of tillers p]antnl,
(r=0.98), number of leaves plemt-l (r=0.99), rhizome length
(r-0.89) and rhizome breadth (r=0.89). Numbcr of tiJiuuu
plant_l, number of leaves plant-l, leaf area, rhizome
length, rhizome breadth and pseudo-stem length were also

highly correlated with each other.
4.4.2 Economic analysis

Grose and net income (Rs ha—l), as affected by Qarious
trecatments of £his gstudy are given in Table 4.23, depicted
graphically in Fig.l14 and their corresponding analysis
of vsariance have been given 1in Appendix-C. 'The details
of cost of cultivation under each treatment have been

given in Appendix-G.

Highest gross and net incomes were obtained with
the application of Jagromin in combination with NPK (TIO)'

though being at par with T, and T,. Lowest gross income

was observed in case of control (Tl), which was statisticelly

comparable with TS' As expected, the 1lowest net income

was recorded in ccntrol (Tl), which wus stolistically at

par with Tg and T7. No significant differences were observed

between treatments T3, 'Ta, TG and Tz. Trcatment T9 was

found to be statistically at par with 1, and 1'. in which

4 3



Gross and net income (Rs ha—l) as
by various treatments

Table 4.23 affeccted

Treatments Gross income Net income Nel returns poer

(Rs ha-l) (Rs hafl) Re investmont
Ty 34986.11 2706.69 1.08
T, 54026,.11 20587.19 1.61
"y 56946.11 23030.91 L.ub
T4 64472.21 30409.76 1.89
Te 39493.07 5317.18 1.16
T, 54923.61 20675.06 l1.61
T, 42395.33 8127.13 1.24
TB 56374.99 21328.72 l.o1
T, 63937.50 28535.45 1.81
10 66763.90 32240.54 1.9%9
S.ld, 3340.50 3354.30 -
C.D.at 5% 7018.39 7047.38 -
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the former one being statistically superior to the latter

one in respect of gross and net returns,

Net returns per Re investment were found to be highest

in case of treatment T (l.95),followed by T (1.89) and

10 4

T, (1.81). Lowest net returns per Re investment were recorded

9

in case of control (Tl).
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5. DISCUSSION

The results obtained from the present field
investigation entitled "Nutritional studies on ginger

(Zingiber officinale Rosc.)", conducted during Kharif,

1989 +to atsess the effects of NPK with micro-elements
(zn, B, Mo and Mg) on the growth (pseudo-stem length {cm),
number of tillers per plant, number of leaves per plant,
leaf area (cmz), development (dry matter accumulation),
viold contributing attributes (rhizomo laength, rhizomo
breadth and yield plant_l), yield and quality (oleoresin,
oil and crude fibre contents) of ginger in addition to
its effect on the soil chemical properties have been
described in the preceding chapter. An attempt has been
made in this chapter to interpret the important observations
recorded during this study on scilentilic basis to establish
cause and effect relationship in the 1light of available

evidences. The photographs of the ginger c¢rop treatment

wise are shown in Plates I to 1IV.
5.1 Effect of treatments on crop growth and yicld

The rhizome yield of ginger crop being the resultant

of the rate and duration of rhizome bulking is related

Primarily to the time of rhizomc iniliation .and persistence

of tops (follage). lach management practice anl lucnces yicld

by relative effect of all treatments usually explain yield

differences detected in field trials.,



Plates I to IV. Treatmentwise photographs of ginger at
an advanced stage of growth

General View
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...1 .

The application of NPK @ 100:50:50 kg ha followed

by two sprays of Jagromin-39 (Tlo) produced the highest
ginger rhizome yield than rest of the treatments excepting

T, and Ty with which 1t was at par (Table 4.2). Jagromin

containing various micro-nutrient elements in chelated
form (providing maximum absorption) along with the major

NPK nutrients (Tlo) resulted in higher pseudo-stem 1length,

- . -1
number of leaves plant l, number of tillers plant and

rhizome length (Table 4.1 and 4.2) owing to better nutrition
of the crop which were reflected in higher wuptakes of
N, P, Ca and B (Tables 4.13, 4.14, 4.16, 4.19). Wallace and
Wallace (1983) and Alexander and Schroeder (1Y87) also
reported the beneficial effects of the applicati:n of
inicro—nutrients through chelated form because of thneir
easy penetration, less scrotching and improved translocation

in the crop plants as compared to inorganic forms.

Dry matter accumulation by ginger plants, which

to a large extent is a function of plant density per unit

area was significantly influenced by various treatments

of this investigation. The dry matter of ginger tops and

rhizomes increased upto harvest stage. Among Vdli ious

treatments TlO (NPK+Jagromin) produced highest dry matter

through tops and rhizomes at tillering and harvest stages,

how, i i ! 1
wever, remaining at par with T9 and 1 1n case of former

Etage and with T9, T4 and T8 in the latter stage (Table 4a.3).

Better promotion of <the growth factors of ginger plant

in ’
these treatments (Tlo’ T4 and T9) favourably reflected
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in the plant photosynthetic surface viz. pseudo-stem length,
number of tillers plant“l, number of leaves plantﬁl and
thus might have attributed towards higher dry matter
production by ginger plant and its accumulation in the
sink (rhizome). Similar results were obtained by Randhawa
and Nandpuri (1969) and Kingra and Gupta (1977). Neopaney
(1988), while working wunder the similar <conditions of
-Himachal Pradesh, also reported that the application of
NPK @ 150:60:40 kg ha.l increased plant height, number

of leaves plant_1 and yield ha™t,

The rhizome yield in ginger is a function of rhizome
size (length and breadth) and yield plant-l. The  maximum
rhizome length and yield plant—l were recorded 1in TlO’
followed by T, and Tqy which were at par with each ot:er.

Whereas, maximum rhizome breadth was found in Ty followed

by '1‘9, TlO and T8' Th.e differences in the related treatments
were, however, non-significant). Thus, the superiority
of these treatments (Tlo, T4 and T9) over rest of the
treatments was reflected in the final rhizome vyield due
to cumulative effects of better nutrition on the vyield

contributing characters. These results are 1in conformity

to the findings of Neopaney (1988).

The leaf area was significantly influenced by the

combined application of NPK in conjunction with minor

elements viz. 2n, Mg, B and Mo (T,) over rest of the

9
treatments (Table 4.1). It was found that under the
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.conditions of this investigation ginger rhizone yicld
per unit area (g ha-l) was also found to be positively
correlated with pseudo-stem length (r-0.8Y9), numbaor O
tillers plant-l.(r=0.99), number ol Ilecaves pluuL—! (r-0.97),
leaf area (r=0.87), rhizome length (r=0.94) and chizome
breadth (r=0.92), respectively, which were highly
significant. The correlation coefficients among different
pargmeters were also highly positively significant (Table
4.22). Similar results were obtained by Marwaha (1984)

and Rattan et al.(1988).

The individual application of Zn or Mg or B or Mo
with NPK through so0il, however, significantly decreascd
leaf area, rhizome length and rhizome yield ha ~ over
NI’K application dlpne (Tables 4.1 and 4.2). 1t way b
due to poor growth as evident from the dry matter yield
through tops and rhizomee at rhizome initiation stage
(Table 4.3). The vyield plant-l was also significantly
decreased with the application of Zn or B with NPK. Rhizomc
length, number of leaves per plant, pseudo-stem length
and number of tillers plant-1 significantly decreascd
with the application of every minor element in combination
with NPK. Various workers like Sreedharan and George (196Y),
Dang et al.{(1990) and Roberts and Rhee (1990) have reported
reduction in yield of crops like paddy, onion and potuto
due to application of micro-nutrients through their highor

concentration/accumulation and interference with olther

elements in the plant metabolism and toxicity,

L)






5.2 Ginger quality and disease incidence

The quality of ginger is decided by high olcoresin
and oil and 1low crude fibre content and discase frce

rhizomes. The ginger oil content was not significantly
L

atlected by various treatments. However, T (NPK+My) and 1

6
(NPK+Zn+Mg+B+Mo) produced rhizomes with highest o0il content.

Y

Nitrogen application (Tz) lowered the oil content as compared
to control (Tl) (Table 4.4). Saraswat (1972) also reported
that the ginger o0il content was adversely affected by

N applications. Application of B, Mg or Zn with NPK (T7,

6 5
as compared to NPK (T4). Application of Mo (T

v or T.) sBignificantly increasoed the olcoreuin content

8) also

increcased the oleoresin content as compared to NPK (1)),

4
though non-significantly. It was found that the K application

improved the oleoresin and o0il contents of ginger rhizomes
(Table 4.4). The crude fibre content was found to be highest
in the rhizomes obtained from plots treated with N (T2),
4, Tlol TSI T3 and '1.5 (Table
4.4). Neopaney (1988) reported highest crude fibre content

closely followed by Tl’ T

in ginger rhizomes when 100 kg N was applied in combination

with 40 kg P,O; and 20 kg K,0 ha .

None o©f the¢ treatments could significontly influence
the incidence of rhizome rot. However, it ranged from

14,06 to 26.03 per cent in general.

5.3 Nutrient content and uptakc

The concentrations of N, P, K, Zn and Mo both in ginger
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tops and rhizomes and of B in tops and Mg in the rhizomes,
in general, decreased with the advancement of growth stage.
Whereas, the Ca content both 1in tops and rhizomes, B in
rhizomes and Mg conten‘t in tops increased upto tillering
stage and, thereafter, a.decline was observed. 'The ultimulece
decrease in nutrient concentration with the advancement
in age of the plant may be due to the dilution effect
caused by more dry matter accumulation (Smith,1962; Sharma
et al.,1978; Sharma and Verma,l988). Tops in general,
contained higher N, P, K, Ca, Mg, 2Zn, B and Mo contents
than rhizomes at all stages of growth (Tables 4.5 to 4.12).
Application of Mo, Zn or Mg individually in combination
with NPK 1ncreased the N content 1in tops and rhizowes
as compared to NPK at all stages of growth, though the
increase was not significant 1n most cases. The results
are in line with Mondy and Munshi (1988), Klein et al.(1982)
in case of potato and Medhi (1987) in cauliflower. It
was found that the B application in combination with NPK

(T7) reduced the N content as compared to NPK (T,). With

4
the application of B, the N content in cauliflower was

found to decrease (Randhawa and Bhail,1l976). When 2ZnSO was

4
incorporated as a fertiliser to the soil as in treatments

T (NPK+Zn) and Tq (NPK+Zn+B+Mg+Mo), it significantly
decreased the P content in tops and rhizomes at tillering
stage as compared to NPK (Tq). Zn opplication also marginally
decreased the P content in the tops and rhizomes at other

growth stages also. The P content was found to bc highest in
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NP administered plots (T3). The K content was significantly
intluenced by the various treatments in the tops at tillering
stage and in rhizomes at rhizome initiation and harvest
stages. K content in tops was found to be highest in NPK +

Jagromin (Tlo), closely followed by NPK+Zn (TS)’ NPK+B

\
(T7) and NPK (T4) at tillering stago, T (NPKVZ40)  accountlad

for highest content of K in rhizomes at rhizome initiation
and harvest stages. Application of Mg in combination with
NPK (T6) decreased the K content as compared to NPK (T4).
which may be probably due to the antagonistic effects
between K and Mg as reporfed by Smith(1962). The Ca content
was significantly influenced by various treatments at
all stages of growth except at tillering stage in the
tops. It was found that the application of B in conjunction
with NPK (T7) produced tops and rhlzomes with  hlghewt
Ca content. It may be due to the primary role played by
s in Lhe Ca metabolism (Yawalkar ¢t al.,1984). Application
of My in combination with NPK (T6) significantly increascad
the Mg coZntent in tops at rhizome initiation and tillefing
stage as compared to NPK. Merchand and Schenk (1985) reported
an increase 1n Mg concentration with the soil application
of Mg. Incorporation of Zn to the soil, as in treatments
T5 (NPK+2Zn) and T@ (NPK+Zn+B+Mg+Mo) significantly incrased
the Zn content in both tops and rhizomes at all stages
of growth when compared with T4 (NPK). Gupta and Potallia
(1987) reporqted that the Zn concentration in peanut tissuce

increased with its application. Application ot B in
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combination with NPK (T.,) significantly affected the B

7
content in tops at all stages of growth when compared
to other treatments, but could not significantly affect
the B content in the rhizomes. Roberts and Rhee (1990)
reported that 2.2 kg B ha-l applied broadcast or side
placed in band significantly increased the B concentration
in both vines and tubers of potato. None of the treatments
in the present study could. significantly affect the Mo
content in the tops and rhizomes at all crop growth stages.
However, Mo content was highest in tops and rhizomes when

MO was included in a treatment viz. T (NPK+Mo) and T

8 9

(NPK+Zn+B+Mg+Mo) .

Nutrient uptake is a product of dry matter yield
and concentration of particular nutrient elemgent in
question. Hence, it is dependent on both dry matter yield
and nutrient content, Treatment T9 (NPK+Zn+Mg+Mo+B) resulted‘
in highest removal of N, Ca, Mg, 2Zn, B and Mo at the rhi=zome
initiation stage through ginger plant (tops + rhizomes). The
Mg, Zn and Mo removals through ginger plant (tops and
rhizomes) were found highest in the same treatment 1i.e.,
T, at all stages of growth. The P accumulation throughout
the growth period and N accumulation after rhizome initiation
stage were highest in treatment TlO (NPK+Jagromin) which
may be due to the highest dry matter production. Highest
K accumulation in the ginger plant was recorded in trealment

T4 (NPK) at rhizome initiation and harvest staye. It may be

due to the highest K content 1in the rhizomes and tops
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in case of treatment T4 (NPK) (Tables 4.13 to 4.20). It was
found that the application of N, NP and NPK increased
the uptake of P, K, Ca, Mg and B over control, N and NP,

respoctively, Similar results were obtained by Krishnappa

and Gowda (1988), Krishnappa(l988) and Sharma et al.(1978).

5.4 Soil chemical studies

Application of N, P, K, Mg, Zn, B and Mo in various
treatment combinations increased thelr respective availa-
bilities in the s0il after the crop harvest (Tlable 4.21),
which may be due to the additional supply of nutrients
to the so0il. Subba Rao and Ghosh (198l1) also reported
that the addition of Zn improved its availability by 128 per
cent. Application of minor elements viz. Zn, Mg, B and
Mo along with NPK (Tg) increased the available N status
ot the soil after the harvest ol Lhe crop. Incorporation
of 7Zn (TS) decreased available P content of the soil,
which may be due to antagonistic effects between 2Zn and P.
Katyal and Rattan(1990) also reported that there is wid#=ly

known antagonism between phosphorus and zinc and phosphorus

and iron in 8oils and hinders “n and. I'e uplake, Plobtsy
administered with N contained highest available Ca content,
which may be attributed to the additional supply of Ca

by the use of CAN.
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5.5 Economics

Economic analysis of various fertiliser treatments
worked out with a view to evaluate their profitability
under the conditions of present investigation indicated
that the maximum gross and net incomes and net returns
per rupee invested were obtained with the application

of NPK+Jagromin (Tlo). However, no significant differences

9
of gross and net incomes (Table 4.23 and Fig.l14).

were observed between treatment Tlo' T4 and 1 In respect
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6. SUMMARY AND CONCLUSION

The study entitled "Nutritional studies on ginger

(zingiber officinale Rosc.)", was conducted at Regional

Research Station, Kandaghat of Dr Y S Parmar University of
Horticulture and Forestry, Solan (HP) during the Kharif
{1989). The experiment was laid out in Randomized Block

Design with three replications. There were ten treatments,

namely, control (Tl), N @ 100 kg ha_l (Tz), N:P @ 100

kg N : 50 kg ons ha'l (T3), N:P:K @ 100 kg N:50 kg P

50 kg K,0 ha™' (T ), N:P:K+Zn @ 100:50:50+znS0

10 kg ha 1t (v

29
1

4 20 kg ha

(Ts), N:P:K+Mg @ 100:50:50+Mgso4 o)' N:P:K+13 @
1 _

100:50:50+Borex 10 kg ha (T5), N:P:K+Mo @ 100:50:50+

1

ammonium molybdate 1 kg ha (Tg)s N:P:K+Zn+Mg+B+Mo . @

100:50:50+ZnS0O, 20 kg+MgSO 10 kgt+Borax 10 kg+ Ammonium

4
1 (Tg) and N:P:K+2 foliar Sprays of

4
molybdate 1 kg ha

Jagromin @ 100:50:50 kg ha-1+ 0.7% in each spray (Tlo).

Full dose of P, K and Zn, B, Mg and Mo and % N was
applied at the time of sowing and FYM @ 30 t ha-1 was applied
in each plot. Remaining dose of N was applied in two splits
viz., % at rhizome initiation stage and & at tillering
stage. The crop season was nofmal for the growth of ginger

crop.

Observations on growtch and development of ginger
plants (pseudo-stem length, number of tillers plant_l,

number of -leaves plant-l, leaf area and dry matter

accumulation 1in tops and rhizomes at three stages viz.
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rhizome initiation, ¢tillering and harvest stage), vyicld
attributes, content and uptake of N, P, K, Ca, Mg, Zn,
B and Mo in rhizomes and tops at different stages were
recorded to 'explain the effects of treatments on rhizome

yield and quality of ginger.

The important results of the study have been summarised

as follows:
6.1 Effect on growth and yield of ginger

1. Highest pseudo-stem length (cm), number of tillers

plant-l, number of leaves plant“l and rhizome length

(cm) were found in treatment T (NPK+Jagromin) .
2. Leaf area (cm2) was significantly influenced Dby
the treatment T, (NPK+Zn+B+Mg+Mo) .
3. Maximum rhizome breadth (cm) was recorded in treatment
T,) (NPK).
. -1 . . -1
4. Rhizome yield plant (g) and rhizome yield (g ha 7)
were recorded highest in treatment Ty (NPK+Jagromin).
5. Soil application of minor elements viz., 7%n or Mg or
B or Mo with NPK (T5 or ’1‘6 or '1‘7 or '1‘8) decreased
the growth and yield of ginger.
6. Different growth and yield traits viz., stem lenygth

(cm), number of tillers plant—l, number of leaves

1

plant™ ~, leaf area (cmz), rhizome length (cm), rhizome
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breadth (cm), yield plant:-1 and rhizome yield (g ha-l)

were found positively correlated with each other.

Dry matter accumulation (kg ha_l) by tops was highest
in treatment TlO at tillering and harvest stages.
Treatment T, produced higher dry matter yield through
tops at rhizome initiation stage. T 0o
for the highest dry matter production through rhizomes
at all the three stages of growth studied viz.,

rhizome initiation stage, tillering stage and harvest

stage.
Lffect on quality and incidence of rhizome rot

0Oil content in ginger was not significantly influenced

by various treatments.

K applications improved the oleoresin content of
ginger. Incorporation of B or Mg or Zn to the soil
with NPK ('I‘7 or T, or TS) significantly increased

oleoresin content as compared to NPK (T4).

Crude fibre content was found to be highest in

treatment 'I‘2 (N).

None of the treatmente could significantly affcct
the incidence of rhizome rot ginger. However, it was

minimum in case of treatment TS (NPK+4n).

accounted’
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Plant and soil chemical studies

Nutrient content in ginger

N, P, K, Zn and Mo content both in tops und rhizomes,
B content in tops and Mg <content in rhizomes, in
general, decreased with the advancement of growth;
whereas, the Ca content both in tops and rhizomes, 13
content in rhizomes and Mg content in topws Lnct casied
upto tillering s8tage and aftcrward u decline wan

observed.

Application of Mo or Zn or Mg with NPK ("I‘8 or T, or T )

lncrvawod N contont, while U appllcatlion wlth NEK o (1))

!
decreased it in both tops and rhizomes at all stages

of growth as compared to NPK (T4).

Highest P content was found in T3 in both tops und
rhizomes and it decreased with the application ot Yn

at all stages of growth.

K content in the tops at rhizome initiation and hagvest
stages and 1in rhizomes at tillering stage was not

significantly affected by various treatments. It was

observed to be highest 1in trcatment W in  Cano

IV
of tops at tillering and in treatment I, in casc ot
rhizomes at rhizome initiation and harvest stages.
Ca content in tops and rhizomes was significa

Intlusnced by varlous tircatmentls al all SLayun

growth except in the plant tops of tillering stage.

i
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Treatment 'r7 (NPK+B) produced rhizomes with highest

Ca content.

Treatment T6 (NPK+Mg) significantly influenced the My
content 1in tops at rhizome initiation and tillering
stagese and in rhizomes at harvest stage when coumpared

with T4 (NPK) .

Application of Zn as in treatments T and T,

significantly increased the Zn content in rhizomes and

tops at all stages of growth.

Incorporation of B to soil with NPK (T.,) significantly

7
increased its content in the tops at all stages of

growth.

None of the treatments could significantly affect the
Mo content in tops and rhizomes at all stages ol

growth.
Nutrient uptake by ginger

Application of NPK+Zn+B+Mo Crg) resulted in highest
removal of N, Ca, Mg, 4n, B and Mo at rhizowme
initiation stage through whole ginger plant (tcps und
rhizomes). K accumulation in tops and whole plant was
recorded to be highest in case of treatment 'P4 stagoe,
while TlO accounted for highest accunulat ion Ol
K in the rhizomes, .. : ,

T aarnlae 0 ey I’ accumulation in tops .and
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rhizomes was highest in Tio-

N, P, K and Ca accumulation by tops and rhizomes, B
accumulation by tops and, Lhercby, whole plant  ware
found to be highest in TH() at tLillering stage. T4
accumulated highest B in the rhizomes at the same

stage. Removals of Mg, Zn and Mo through tops and
rhizomes and thereby, whole plant were highest 1in case

of treatment T9.

B and Ca accumulation in tops, N accuwulation in
rhizomes and P accumulation both in tops and rhizomes

were found to be maximum in case ol treatwent “10

at harvest stage. T4 accounted for bhighest removal

of K (tops and rhizomes) and N through top:s. Mg, %n and
Mo uptake by tops and rhizomes and Ca and B uptake by
rhizomes werce highest in cone of  treatmend "ot e

harvest stage.

Soil chemical studies

Available N status .({(kg ha—l) of the soil after
harvesting of ginger was found to be highest in case

of treatment T (NPK+Zn+Mg+B+Mo); whereas,

!\\l 2
9 (NPK+

10
Jagromin) accounted for the inlighest available P

1

content (kg ha ~) of the soil after the * harvesting

of ginger.

Application of NPK (T4) increased  the  available K

status of the s0i1l after harvesting ol gioger.,
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3. Available Ca content (ppm) of the soll after harvesting
of ginger was observed to be highest 1in treatment

T2 (N).

4. Application of Mg in combination with NPK (T,.)

6
significantly improved the available My content

of the soil after harvesting of ginger.

5. Available Zn, B and Mo contents (ppm) of the soil alter
harvesting of ginger were significantly influenced
with their respective applications to the soil as 1in

T T, and T,.

treatments T 7° 8 9

5’
6.4 Economic analysis

Highest gross and net income of Rs.66763.90 and

32240.54 ha-l, respectively was obtained in The net

'1‘10.

returns per rupee investment were also highest in treatment

Tlo;

CONCLUSION

Soil application of NPK @ 100:50:50 kg ha—l accompanied
with two foliar sprays (0.7% in each spray) of Jagromin-99
was the best treatment for getting higher.yields of good
quality ginger. Since the results are based on one year

experimentation, thus further testing is necessary.
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APPENDIX-A

MiEAN WEEKLY METEOROLOGICAL DATA OF THE VEGETAULE KIESEARCI]

STATION,SOLAN FOR THE YEAR 1989

STandard  Week ending _Temperaturc(°C) Mean Total

week Maximum Minimum Relative Rainfall

Humidity - (mm)
(%)

19 13 May 29.86 13.86 46.36 -
20 20 May 33.86 17.14 48.49 -
21 27 May 32.43 16.71 54.46 15.20
22 3 June 29.86 17.28 67.14 27.3
23 10 June 29.29 16.71 72.93 23.20
24 17 June 27.57 15.71 67.36 49.60
25 24 June 28.00 16.71 78.64 3.40
26 1 July 29,29 19.43 78.43 3.20
27 8 July 29.57 17.00 69.50 -
28 15 July 32,29 19.43 70.93 32.40
29 22 July 29.57 18.14 76.46 6.20
30 29 July 26.14 20.14 79.36 124.60
i1 S August 23.14 16.79 90.21 95,80
32 12 August 28.14 -18.28 84.07 2.40
33 17 "August 25.43 1R.43 90.36 39,00
34 26 August 26.29 18.00 92.00 L22.00
35 2 September 24,43 16.86 90.00 17.80
36 9 September 26.00 16.57 89.93 2.20
37 16 September 25.36 16.00 76.36 16.20
38 23 September 25.00 17.00 76 .86 8.40
39 30 September 25.43 13.86 76.29 0.20
40 7 October 28.00 14.29 80.86 -
41 14 October 26.71 12.86 76.43 -
42 21 October 25.29 9.79 67.36 -
43 28 October 23.43 9,57 76 .71 -
44 4 November 20.29 R.86 73.57 -
45 11 November 19.57 6.07 73.86 3.60
46 18 November 20,29 7.21 67.43 -




APPENDIX-B

ANALYSIS OF VARIANCE FOR DIFFERENT OBSERVATIONS UNDER STUDY IN GINGER (Kingiber
officinale Rosc.)

Mean sum of square

” Replication Treatment Error
Degree of freedom (2) (9) (18)
OBSERVATIONS |

GROWTH PARAMETERS
f4ewds- Stem length (cm) 0.4650 33.3308 0.9727
Number of tillers per plant 0.0360 3.6083 0.0790
Number of leages per plant 0.0280 137.9912 1.3405
Leaf area (cm”) 0.0054 0.2312 0.0040
YIELD PARAMETERS
Rhizome length (cm) 0.0595 8.0428 0.8570
Rpizome breadth (cm) 0.0130 2.9374 0.0433
Y}eld per plant (g) 106.6295 1689.1167 64.0011
Yield per ha (q) 137.2977 1201.6433 55.3336
Dry matter accumulation (kg hatl)
Rhizome initiation stage
Tops 124.4355 3467.3207 107.5858
Rhizomes 95.9574 11207.338 94.8800
Tillering stage
Tops 2840.1725 23124.6840 870.0924
Rhizomes 68.4615 178393.96 2628.2123
Harvest stage
Teps . 291.961 53435.746 1532.7876
Rhizomes 146952.43 2220520.6 74616.43




APPENDIX-C

ANALYSIS OF VARIANCE FOR QUALITY AND ECONOMICS OF GINGER
(Zingiber officinale Rosc.)

Mean sum of squares

Replication Treatment Error

Degree of freedom (2) (9) (18)
Quality parameters

GGinger oil content (%) 0.0141 0.0229 0.u349

Oleoresin content (%) 0.0017 0.0327 0.0039

Crude fibre content (%) 0.0147 0.0358 0.0138

incidenco of rhizome rot 10.9877 17.17355 18.4062
lconomic Studieé

Gross income (Rs ha 1) 41532532 363497100 16738429

Net income (Rs ha'l) 42587721 332888325 16876950




APPENDIX-D

ANALYSITS  UF  VARIANCE  FOR  CUNCUNTRATIUN  OF  NUTHILNG  ELIPENIG  IN GINGLIE (Zingilor
ofricinalu fouwc.)
T Muom sum UF-Tﬁﬁuhﬂnf_ T
Replication Treatment Lrroc
Dogrow ot Fruedom . (?) . (U)”.m_ o jl”) ——
Fonc. o nubrdonl wlemenls Ithlzomus  Tope Whizomws  Topn Hhi zomun Tupn
N content (%) .
Rhizoms initiation etege 0.01457 0,00702 0.00898 0,04173 0.01011 0.010%0
Tillering stags 0.00586 0,02182 0.02057 0.06766 0.00685 0.00392
Horvuut stage 0.00322 0.0151% 0,02145  0,027115% 0,003838 0, 006Yn
P contunt (%)
Rhizoma initliation stage 0,00017 0.,00047 0.00197 0.004b1 U,0UL20 0.uuuu
Tilluring stage 0,00015 0,00019 0,00179  0.00447  U,00010 n.ouy
Hurvuat stage 0.00096 0.00035 0,00058 0.00120 02y t, Ui
K content (%)
HWhizome inftiation slugu tU,nnNan 0,02830 0. 029680 H 02104 0,110 (014507
Tilluring stege 0,01048 0.01438 0.0074Y U.0%787  0,00Y50 0.u1574
Harvust stage 0,00117 0,00230 0,03592 0.01539 0,01139 .00Y41
Ca content (%)
Hhizomu initiation etugu 0.00006  0.00674  U.LLUZY  LLUIYYZ LDLoOGDY Uauluts
Iillering stage u.0Ndo0072 0.00564 0.uuy3y 0.01394  D.U0LU11 U.u01382%
Harvest stage 0.000018 0.01110 0.00040 0.01909 0.QuUdLS8 U.0064y
Mg contant (%) ‘
Khlzome initiation stage 0.00007 0,00232 0.00025 0.00528 Q.00023% 0.00145
Tillering stage 0.00026 0,.00086 0.00040 0.00324 0.00019 0.00131
Harvest atage 0.00017 0.00102 0.00056 0.00157 0.00022 1,00078
i cuntunt (ppm)
Rhizome initietion stage 1.1435 2.1420 0.7473 26.1229 1.8541 4,9300
Tillering stage 2.6080 7.2820 1.2644 39.6276  2.5255 2.2893
Hurvuol wbuge U.7260 3.0320 U.L990 21,9260 1.0 a4, 85103
Zn content (ppm)
Khizoms initiation stage 22,5333 25.0334 27.'1U074 Y, 2220 4.714% 10,9222
Tiiluring stege 1.0333 21.7000 32.8926 62.0593% 5.00004 L. 42
Harvast stage 3.0333 5.4333 28,3296 29,5704  3.4407 5.914n
Mo contunt (ppm)
Khisume Initiation atagu U.02294 0.02073 D.UIZ70 U.LO7S4 11,0181 .zt
i) buving slaye b.03dnee 0.02821 D.U2387  0.0154°70  ua g, a0y
Mrvosl ology U e DL00344 D029 . nnl oy AL 5




APPEND T X-E

ANALYSIS OF VARIANCE FOR NUTRIENT UPTAXE BY GINGER (Zingiber officinale Rosc.)

Mean sum of squares

« Replication Treatment Error o
Nagrue of freeanm (2) (9) (18)
Mutriant uptaka Rh{izomes Tops Total Rhizomas Tops Total Rhizomoy  Tops Total
-1
1 uptake (kg ha ) -
Rhizomg initjation stage 0.0595 0.2006 0.2860 5.3101 5.0064 20.3256 0.1669 0.4161 0.507s
Tillering stage 1.3223 3.6720 3.8275 63.2623 31.5347 180.11063 3.0086 1.4234 18.5800
Harvest stage 52.9485 2.7881 55.5745 791.5698 29.8707 1117.0010 33.4489 1.4301 23.9159
iruptyee Tkn b )
Ahjzoma initiation stage 0.0011 0.0020 0.0046 0'1197, 0.2588 0.7204 0.0028 0.0162 0.0135
Tillering stage 0.0413 0.1381 8.2710 2.2678 1.0949 6.3977 0.0551 0.7790 0.1559
Harvest stace 0.1683 0.0731 0.1175 12.7267 0.8481 19.6418 0.5088 0.0419 0.5899
-1
K uptake (kg ha )
Rhizome initiation stage 0.1361 0.3038 0.2243 10.3129 7.3267 34,4397 0.3129 0.3061 0.4586
Tillering stage 2.5426 10.4928 12.3850 122.0908 47.2555 316.0760 5.0801 2.4334 5.2677
Harvest staga 119.5447 0.2711 97.9443 1244.,0494. 24,5930 1596.3420 65,5398 1.3486 69.9113
-1
Ca uptake (kg ha )
Shismme Initiation stage 0.0014 0.2458 0.2379 0.0327 1.0552 1.4396 0.0080 0.1141 0.114%
1111eriny stage 0.0097 1.43289 1.39M 0.8441 7.2811 12.8061 0.0406 0.5733 0.9206
Harvest stage 0.8008 1.3771 3.4399 9.1865 13.3723 43.2919 0.4028 1.1396 1.7052
-1 :
Mg uptake (kg ha )
Rhizcme {nitiation stage 0.0020 0.0805 0.0740 0.0397 0.2046 0.3979 0.0021 0.0309 0.0281
Tillering ustage 0.070S 0.033% 0.006% 0.7282 1.0048 3.3550 0.0491 0.1294 0.1839
Harvest stage 1.0305 0.1540 1.8190 7.2061 1.0292 13.5672 0.4929 0.0927 0.5859
-1
8 uptake (g ha )
Rhizome initiation sfage 0.2137 0.4928 0.0667 2.88789 9.4496 18.6274 0.2734 0,2057 1.2109
Tillering stage 7.5193 17.6599 46,9992 56.2162 66,7275 228,8735 0.6462 2.4419 9.9883
Harvest stegs 43.1773 8.6254 87.8277 363.2084 63,3824 651.0031 39.6744 8.0688 58.0018
-1
In uptake (g ha )
Rhizome initiation staye 2.1380 3.4833 8.2118 10.2924 20.6119 57.0806 0.4913 2.047M 2.3607
Tillering stnge 3.64453 33.6525% 43.7100 164.4867 67.9858 430.,8882 15,2353 4.5017 30.3289
Harvest stagu 186.2068 8.0961 270.2745 956.8649 98.7940 1648,.7356 82,0997 13.0615 85.1274
L
Mo uptaxe iy A )
Rhizome initiation stage 0.0028 0.0052 0.0045 0.0122 0.0068 0.0369 0.0020 0.0049 0.0048
Tillaring stage 0.0833 0.0099 0.0366 0.1767 0.0568 0.4298  0.0305 0.0114 0.0472
Harvest stage 0.5401 0.0027 0.4947 1.6928 0.0849 2.5039 0.1676 0.0179 0.1682




APPENDIX-F

ANATLYSTS OF VARIANCE FOR AVAILABLE NUTRIENT STATUS OF THE SOIlL
AFTFER HARVEST

Moean sum ol sqguare (MHih)

: Replication Treatment kKrror
Degree of freedom (2) (9) (18)
Nitrogen (kg ha—l) 324.7458 420.5176 107.7934
Phosphorus (kg ha-l) 11.3087 13.75%07 H.52101
potassium (kg ha—l) 189.9365 266.8934 98.6147
Ca o (ppm) : | 1406.9240 TIO7.9407 1O5S4.8417
Mg (pem) 1o6.7040 I LHY .45 20 2H 2 0640
Zn (ppm) 0.00745 0.15909 0.00566
B (ppm) | 0.01359 0.01707 0.04439

Mo (ppm) 0.00029 0.00351 0.00036




APPENDIX-G
COST OF CULTIVATION OF GINGER (Re ha )

Purtliculars bnit -1 -1
Re.unit Amount(Ks.ha )
I. Fixoud wxponses
1) Propurutory tillaye
i) Ploughing 3 14501 ETRTT
b) PRlanking 3 30 90. 00
c) Preparation of bede and channels 80 labour 18 1440.00
units
ii) Sesd and sowing
u) Cost of seed 20 g 1100/4 22000, 00
b) Seed treatment - . - 455. U0
c) Sowing 44 lubour 18 86410
unito
i{i)Manuring
a) Cost of FYM 30 t 85/t 2550.0N
b) FYM application 24 labour 18 432,00
units
iv) Three weedings followed by sarthing up 80 labour 18 1440.00
iunite
v) thruu Lrrigutions
a) Charges of irrigetion wster - - 16.50
L) Labour required for three irrigations 6 labour 18 108.00
unite
vi) Harvesting and sorting BO labour 18 1440.00
unita
fuLals T - P I T
11, Variable expanses
i) Cost of fertilisers
u) N (through CAN) 100 kg 6.80/ky 641,00
) P60 (through SSP) 50 kg 5.94/kq 297,10
c) K70 (through MOP) 50 kg 2.08/kq 104.00
d) i N Ky TRNTYINT 17,00
u)  MySu 10 kg 3.4/ ky 34,10
F) Baraﬁ ' 10 kg 20.00/kqg 200. (1
) Awmonium molybdate 1 kg Y5400/ /ky 9h4 .0
h) dagromin-99 2.5 1 58.00/1 145,60
i) Ffertiliser application
1)Charges at sowing tims 12 labour 10 216.00
units
2)Top dressing of N fertilisers in two splite24 labour 18 432.00
vplits unite
J) Jwo roliar sepray of Jeyromin-99 L lubour 14 10Ut
ikt o )
Pelin of Lhe Product )
i) Ginyor rhizomas Hu.HhH0.00/y
TREATMENTWISE COST OF CULTIVATION (Rs ha-1)
Dol Lo Wurking capitsl Inturust an working onplk?l ] Landd ni;ﬁ;;; lulal -
. 12.5% tor 3 months(Re ha ) (e ha ) (Hs ha )
T1 31285,50 977.67 16,25 322147
T2 32613.50 1019.67 16.25 33648.92
T3 32910.50 1028.45 16,25 33955.20
T4 33014.50 : 1031.70 16.25 34062.45
TS 33124.50 : 1035.14 16.25 34175.48Y9
Tﬁ 33059.50 1032.80 16.25 340908.55
TY 33214.50 1037.95 10,25 34268.70
T“ 33968.50 1061.52 16.2%9 350486, 27
Ty 34313.50 1072.30 16.25 35402.U5
T 33267.50 1039.61 16.25 34323.36




APPENDIX-H

COMPOSITION OF JAGROMIN-99

Constituent Concoentration(ppm)
Zinc 9000

Iron 4000

Copper _ - 5100
Manganese 3200

Cobalt : 100

Boron 100
Molybdenum ' 180

Jagromin~-99 was procured from Jai Shree Agro Industries Pvt.
Ltd., Baxoli, G.T. Karnal Road, Delhi 110 036, througi

Porzes
he

courtesy of the Director of Agriculture, Himachal Pradesh,

Shimla.
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