
. .... . . 
• I 

NUTRITIONAL STUDIES ON GINGER 

(Zingiber officinale Rose.) 

THESIS 

By 

NUTAN lVIAHAJAN 

Submitted in partial fulfilment of the requirements for the 
Degree of 

.. ,,- ", ' 
MASTER ~dF SCIENOE 

in 

HORTICULTuRE 

(VEGETABLE CROPS J 

Dr. YASHWANT SINGH PARMAR 

UNIVERSITY OF HORTICULTURE AND FORESTRY 

SOLAN 

INDIA 

~990 



Dt. ¥.S. Pan:;ar LTniversity of I 
fI'oTticulture l.:, Forestr~ , 

L;ty"r" ';;;-'- '- "173"P O J 
A 

-: ~ ~,~~uO : ' "il 0'7' 15 A J' S 
ccess; ().., l" . ' .• ' , ...., ~. , . , ••• -_. - i 

D;'~l-:I(i-- s-- 9, , i 

~ . . .... ... .. .. --

.. 



DEDICATED 
TO 
MY 

PARENTS 
(Smt & Sh Permeshwer Mahajan) 



Dr K K Singh 
Professor 

This is to 

Department of Vegetabl 
Dr Y S Parmqr Universi ' 

-Horticulture & Forestr: 
Solan 173 230 HP 

CERTIFICATE - I 

certify that the thesis entitled 

"Nutri tiona 1 studies on ginger (Zingiber officinale Rose.) n , 

submi tted in partial fulfilment of the requirement for the 

degree of MASTER OF SCIENCE in HORTICULTURE (VEGETABLE CROPS) 

of Dr Y S Parmar University of Horticulture and Forestry, 1S 

a faithful record of bonafide research work carried out by 

Mr Nutan Mahajan under my 

part of the thesis has been 

or diploma. 

guidance 

submitted 

and superv1s1on. No 

for any other degree 

The assistance and help received during the course of 

investi 3'ation and the source of literature have been fully 

acknowledged. 

Da ted: 28th December, 1990 

~/ 
( K K Si'~ ) 

Chairman 1h 



CERTIFICATE - II 

This is to certify that the thesis entitled 

"Nutritional studies on ginger (Zingiber offieinale Rose.)", 

submi tted by. Mr Nutan Mahajan (H-88-12-M), to the Dr YS 

Parmar University of Horticulture & Forestry, Solan in 

partial fulfilment of the degree of MASTER OF SCIENCE 

in HORTICULTURE (VEGETABLE CROPS) has been approved by 

the Student's Advisory Committee after an oral examination 

of the same in collaboration with the Nominee of the Dean. 

Chairm n 
Advisory Co mittee 

Advisory Z-OmD ttee 

./ 

(P.P.Sharma) 

BC¥ 
(B.S .Kanwar) 

Head of the Department 

(G.P .U.padhyay) 



ACKNOWLEDGEMENTS 

With an overwhelming sense of legitimate pride and 
genuine obligation, I take this rare opportunity to express 
my deep sense of gratitude to my esteemed teacher and 
Chairman of my Advisory Committee, Dr K K Singh, Professor, 
Dept of Vegetable Crops, Dr YS Parmar Dni vers i ty of Hort 
& Forestry, Solan for his painstaking interest, inspiring 
guidance, constructive . cri ticism and constant encouragement 
during the course of these investigations. 

I wish to express my heartiest thanks to Dr P P Sharma, 
Professor and Head, Dept of Vegetable Crops; Dr B S Kanwar, 
Assoc Prof and Head, Dept of Basic Sciences; Dr G P Upadhyay, 
Asstt Scientist, Dept of Soil Science and Water Management 
for their counsel and constant interest in the present 
investigations. 

lowe my heartiest thanks to Dr B N Korla, Assoc Prof 
for his sincere help during the course of investigations. 

I convey my gratitude to Sh D P 
US Panwar, NS Kai th, N Thakur and 
generous help and jovial company. 

Sharma, Rajeev 
RC Dhiman for 

Raina, 
their 

Thanks are due to my friends S/Shri BVC Mahajan, 
S Chadha, RB Sharma, MD Sharma, Shamantak, S Raina, 
G J~obta, K Balooni, K Chand, JC Chauhan and RK Chauhan who 
helped me ln various ways ln the preparation of this 
manuscript. 

I am also thankful to Dr YS parmar Uni versi ty of 
Horticulture and Forestry for providing me Merit Scholarship 
throughout the study period and other facilities for carrying 
out the research. 

I shall be failing in my duty if I do not place 
on record my cherished desire of extending heartful gratitude 
to my parents, sisters, brothers-in-law, uncle and aunty for 
their sacrifice, encouragement and good wishes without 
whom this treatise would not have become a reality. 

Last but not least I am thankful to Mr Asha Ram for 
typing this manuscript. 

~ 
Dated: 31st December,1990 ( Nutan Mahajan ) 



Chapter 
Number 

1 

2 

3 

4 

5 

6 

CONTENTS 

Title 

INTRODUCTION 

REVIEW OF LITERATURE 

MATERIALS AND METHODS 

EXPERIMENTAL RESULTS 

DISCUSSION 

SUMMARY AND CONCLUSION 

REFERENCES 

APPENDICES 

Page 

1-2 

3-9 

10-20 

21-82 

83-92 

93-99 

(i-vii) 

(A-H) 



Table 
Number 

3.1 

4.1 

4. 2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4. 9 

4.10 

4.11 

LIST OF TABLES 

Title 

Physico-chemical characteristics of the soil 
before the start of the experiment 

pseudo-stem length, number 
plant, n~mber of leaves per 
area (cm ) as influenced by 
ments in ginger 

of tillers per 
plant and leaf 
various treat-

Ginger yield per plant and per ha and rhizome 
size as influenced by various treatments 

-1 
Dry matter accumulation (kg ha ) in tops 
and rhizomes at different stages of growth 
of ginger as affected by various treatments 

Effect of various treatments on the ginger 
oil content (% ), oleoresin content ( % ) , crude 
fibre content(%) and incidence of rhizome 
rot 

Nitrogen content (%) in ginger 
rhizomes at different stages 
as affected by various treatments 

Phosphorus content(%) l.n ginger 
rhizomes at different stages 
as affected by various treatments 

tops and 
of growth 

tops and 
of growth 

Potassium content(%) l.n g1.nger tops and 
rhizomes at different stages of growth 
as affected by various fertiliser treatments 

Ca~cium content(%) i~ 
at different stages 
by various treatments 

ginger tops and rhizomes 
of growth as affected 

Magnesium content (%) l.n g1.nger 
rhizomes at different stages 
as affected by various treatments 

tops and 
of growth 

Zinc content (pprr.) l.n ginger tops and rhizomes 
at different stages of growth as affected 
by various treatments 

Boron content(ppm} ~n g1.nger tops and rhizomes 
at different stages of growth as affected 
by var1.OUS treatments 

Page 
Number 

12 

23 

26 

29 

32 

35 

37 

39 

41 

43 

45 

48 



4.12 

4.13 

,. 

; 4.14 

4.15 

4.16 

4.17 

4.18 

4.19 

4.20 

4.21 

4.22 

4.23 

Molybdenum content{ppm) l.n gl.nger tops 
and rhizomes at different stag~s of growth 
as affected by varl.OUS treatments ' 

Nitrogen uptake (kg 
plant parts of 

. gl.nger 
of growth 

Phosphorus uptake (kg 
plant parts of gl.nger 
of growth 

Potassium uptake (kg 
plant parts of ginger 
of growth 

ha- 1 ) by different 
at different stages 

ha- 1 ) by different 
at different stages 

-1 ha ) by different 
at different stages 

-1 
Calcium uptake (kg ha ) by different plant 
parts of ginger at different stages of 
growth 

Magnesium uptake (kg 
plant parts of ginger 
of growth 

zinc uptake (g ha- l ) 
parts of gl.nger at 
growth 

Boron uptake (g ha- l ) 
parts of ginger at 
growth 

Molybdenum uptake (g 
plant parts of ginger 
of growth 

-1 ha ) by different 
at different stages 

by different plant 
different stages of 

by different plant 
different stages of 

-1 
ha ) by different 
at different stages 

Effect of various treatments on 
N, P, K, Ca, Mg, Zn, Band Mo 
soil (0-15 cm) after harvest 

the available 
in the surface 

Correlation coefficients 

Gross and net income (Rs ha -1) as affected by 
various treatments 

49 

51 

54 

57 

60 

62 

65 

68 

71 

75 

79 

81 



Fig.l 

Fig.2 

Fig.3 

Fig.4a 

Fig.4b 

Fig.5 

Fig.6 

Fig.7 

Fig.8 

Fig.9 

Fig.IO 

Fig.ll 

Fig.12 

Fig.13 

Fig.14 

Plate 1 

plate 2 

plate 3 

Plate 4 

LIST OF ILLUSTRATIONS 

Mean weekly weather data 

Layout plan 

Mean pseudo-stem length (cm) 

Ginger rhizome yield (q ha- l ) 

Ginger rhizome yield (g plant-l) 

Dry matter accumulation (kg ha- l ) 

Total N uptake (kg ha- l ) 

Total P uptake (kg ha- l ) 

Total K uptake (kg ha- 1 ) 

Total Ca uptake (kg ha- 1 ) 

Total Mg uptake (kg ha- l ) 

Total Zn uptake (g ha- l ) 

Total B uptake (g ha- l ) 

Total Mo uptake (g ha- l ) 

Gross and net income (Rs ha-1 ) 

Between page(s) 

10-11 

13-14 

21-22 

27-28 

27-28 

29-30 

52-53 

52-53 

58-59 

58-59 

63-64 

63-64 

69-70 

69-70 

81-82 

83-84 

84-85 

85-86 

86-87 





IN1'RODUCTION 

Gingey · (Zingiber officinale Rosc.) is an important 

spice crop of Inc.ia known for its medicinal properties. It 1S 

a herbaceous perennial plant,belonging t6 family Zin~iberaceae, 

is bel ieved to be na ti ve of South-Eastern Asia (Pursegloue 

et al., 1981). It is propagated through rhizomes, which put 

forth erect, leafy stem 30-90 cm 1n height. It is 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 1n 

open areas, though it thrives well under partial shade. 

It 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 1n humus 1S ideal. It may be grown alone or mixed 

with partial shade glv1ng plants. 

India en joys from times immemorial a un1que posi tion 1n 

the production and export of g1nger. Out of the total 

production of ginger in the world, nearly 50 'per cent 1S 

met by India alone (George and , Vel1apan, 1980). , In India, 

ginger 1S grown in an area of 52,460 hectares with a 

production of 1,27,000 tonnes (Dohroo,1990). The country 

exported 4776 tonnes of dry ginger amounting to Rs. 843 lakhs 

during 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, 
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West Bengal, Bihar, Himachal Pradesh, Uttar Pradesh and 

Maharashtra. It is an important cash crop of Himachal Pradesh 

grown in districts Sirmour, Solan, Shimla, Bi1aspur, 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 requ1res heavy doses of manures and fertilizers 

(Randhawa and Nandpuri,1969; 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 m1nor elements have also been reported from 

many parts of Northern India (Kumar and Marwaha,l984). It 

has also been reported that the use of high analysis NPK 

f erti Ii zer lead s 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 f Zn, Band Mo in case of . glnger, 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 

1n ginger; and 

3) To observe the disease incidence, if any. 



(~ I-I A 1-) r!, I~ l~ - I I 

REVIEW OF I-iITEf\ArrURE 



2. REVIEW OF LITERATURE 

Information available on the effect of essential 

nutrient elements on the growth, yield and quality of ginger 

(Zingiber officinale Rosc.) 1S 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, yield, 

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 the rate of 3 cwt sulphate of 

ammonia (Anonymous,1953). Groszman (1954) recommended a 

top dressing of fertiliser mixture (10: 8: 7) at the rate of 

-1 
500 kg ha for high yield of ginger. Loknath and Dash (1964) 

while determining the op~imum fertilisation and spac1ng 

of ginger recommended an optimum level of fertilisers at -
the rate of 60 Ib N, 40 lb P and 60 lb K per acre for getting 

high yields. Chew (1969) obtained high fresh yields of 

ginCjer when fertilised with 65 lb N, 40 lb P
2

0
5

, 170-200 lb 

K20 and 15 lb CUS0
4 

per acre. 

In Himachal Pradesh, application of 100 kg N, 50 kg 
.. -
P2 0 5 and 50 kg K20 per hectare to ginger significantly 

increased plant height, branch number and yield of fresh 

ginger rhizomes; and a good growth and yield ,,"as obtained 
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-1 
by the use of 100 kglJha 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 20 5 and 200 kg Kf 

ha- l • Dasaradhi et al.(1971) stressed the importance of 

ni trogen at active growth and til1ering stage of ginger. 

Ra jan and Singh (1972) reported that the application of 

urea along with saw dust to soil significantly increased 

the yield of ginger. 

Sara swat (1972) found that in Indonesia, the application 

40 kg 
-1 

ha increased the yield of gl.nger 

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

nitrogen was ineffective. Muralidharan (1973) reported 

that with the application of 50 kg Nand 75 kg P
2

0
5 

per ha 

significantly increased the yield of ginger, 

application of N alone at the rates higher than 

significantly reduced the yield of ginger. 

Muralidharan et al.(1973} found small, 

while 

50 kg 

but 

the 

ha- l 

non-

significant responses of NPK at 40:40:80 and 60:60:120 kg 

-1 
ha ,respectively in case of ginger and reported a decrease 

in number of tillers when the NPK were applied beyond 

70:70:140 kg -1 
ha . Mu.ralidharan et al.(1974) obtained a 

significantly high til1ering and yield of ginger rhizomes 

-1 
when 70 kg N ha was applied. Application of phosphorus had 

no effect, while potash at the rate of 140 kg -1 ha 
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significantly reduced the yield. Muralidharan and Ramankutty 

(1975) reported that the application of ni trogen at 60 kg 

ha -1 in two splits viz. 60 days and 120 days of planting 

significantly increased yield; but a non-significant increase 

was observed in number of tillers per clump as compared 

to control. 

Application of N at 30 kg 
-1 ha doubled the yield 

of ginger and a further increase in yield by 75 per cent with 

N application at 90 kg 
-1 

ha (Aclan and Quisumbing, 1976) . In 

Himachal Pradesh, Kingra and Gupta (1977) recommended use 

of 50 kg N and 50 kg P20 5 
ha -1 along with 25-30 tonnes of 

FYM, while Sood and Sharma (1976) recommended 100 kg N, 

and 50 kg for getting high yields of 

Muralidharan and Ramankutty (1977) observed that 

the treatment combination of 120 kg K20 and 10 kg Boron per 

ha gave the highest number of leaves and tillers per clump 

in case of ginger. They also reported that 

characters were not influenced by potassium 

and application of B over 50 kg -1 ha reduced 

the plant 

application 

the yield. 

Sadanandan and Sasidharan (1979) reported that the application 

-1 of N beyond 50 kg ha reduced the yield of ginger. 

Lee et al.(198l) observed highest ginger rhizome 

yield with the application of N at 200-300 kg ha- l , while Lee 

and Asher (1981) ohtained similar results with the application 

of N at 336 kg -1 ha . Panigrahi and Patro (1985) reported 
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.' that the application of Nand at 90 kg 
-1 

ha 

significantly increased the yield of ginger. Sivaraman 

-.:t; 

~(198S) 
~ 

reported that under Ve11anikkara conditions NPK at 

30 kg ha
-1 

40:40: gave the highest ginger yield, however, 

1f 
'~1 at pottangi, maximum yield was recorded with the application 

r -1 
of 125:75:50 kg ha of NPK. 

:! 

~; Cho et a1. (1987) found that the most favourable soil 

;, condi tions for ginger growing were a pH of 6, 405 ppm 
.~ 

. ~ available P 205 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 a1. (1988) recommended the optimum fertiliser 

rates of N at 120 kg, at 60 90 kg 
-1 

ha 

for getting an optimum yield of ginger. Mohanty et a1. (1988) 

found highest rhizome yield with the application of N:P
2

0
S

: K
2

0 

-1 
at 125:75:150 kg ha ,respectively. Neopaney (1988) recorded 

-1 
highest plant height, number of leaves plant , rhizome 

-1 
length and yield ha wi th the application of N, P 205 and 

K 20 at 150, 80 and 60 kg ha -1 respectively; whereas highest 

rhizome breadth was obtained at the fertiliser combination 

-1 of 150 kg N, 60 kg P
2

0
S 

and 40 kg K
2

0 ha • 

. 2.2 Concentration and uptake of nutrient elements 

The leaf N concentration of gl.nger shoots and rhizomes 

at early and late harvests increased wi th the total amount 

of N applied upto highest level of 

Asher,l981). 

336 kg N 
-1 

ha (Lee and 
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Nagarajan and pillai (1979) reported that the rhizomes 

of "Wynad local" ginger vtJcicty removed (j7 ky N, 21 kg I', 

l' '1 ktj 1<, 1.1 k<J Cn and ;l,O k'J MtJ 1'0, ' I,ll. 11,' "'"JIJI'" I ~·d t 1101 I 

shoot portions should be put back to soi 1 as they contn i np(l 

~) 0 11 u r c u n t tot t2 1 ' N, 3 b P L' r c u n l l () l It I I' , It I L II' r C l .· 11 l t () l " I 

K, 67 per cent total Ca and 57 per cent tot a 1 Mg removed 

by the plant. 

2.3 Effect of nutrient elements on quality of gingcr 

The ginger oil content was adversely affected by 

N applications (Saraswat,1972). Nair and DilS (19BO) rcport(ld 

that the foliar application of Urea + Planofix significant J y 

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 k.g 
-1 

ha onward!;; deCredl::>ed ulCUrelJl11 cunLenL vi 

ginger as· the doses of superphosphate 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 oil content 

in case of ginger. 

2.4 Effect of nutrient elements on discase incidence 

AppliCation of NPK (50:25:30 L.Julld will, L.'l'L.'UIIUL Cdh.,· 

reduced the incidence of rhizome rot in case of ginger 

(Rajan and Singh,l:974). Muralidharan and Ramankutty (1975) 
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i . t f <..loft rot in case of ginger reported that the ntensl. yo"" 

was not affected by N applications. 

Ramankutty (1977) concluded that the B at 50 

Mura 1 idha ran and 

-1 
kg ha reduced 

the incidence of soft rot disease in ginger. Sadanandan 

and Iyer (1986) reported that the FYM application enhanced 

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 a1.(1988) reported that the 

N at 120 
-1 

kg ha and K at 70 and 120 

diAcase incidence in case of turmeric. 

2.5 Correlation studies 

kg 

application 

ha -1 reduced 

of 

the 

Association of different growth characters and their 

bearing on yield is important for boosting crop product- ion. 

The extent of observed . relationship between two characters 

is known ~s 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 seconda ry fingers, - number and weight of adventitious roots and straw had positive 

and significant correlation with yield .l.n case of ginger. 

Sreekumar et a1.(1980) found that the correlations were 

significant and positive between the plant height versus 
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rhizome weight (r=O. 71), tiller number versus rhizome weight 

(r-O.4G) anci loaf number vnraUB rhizotnp wci<Jht (r=O.6o, in 

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

Marwaha (1984) observed a positive and sionificant 

correlation between plant height versus number of 

(r=O.94), plant height versus number of leaves 

~lant height versus fresh weight of rhizomes 

number of tillers versus fresh weight of rhizomes 

tillers 

(r=O.99), 

(r=O.9H), 

(r=O.98), 

number of tillers versus number of leaves (r=O.96) and number 

of leaves versus fresh weight of rhizomes (r=O. 98). Rattan 

et ale (1988) found that plant height was significantly 

positively correlated with number of leaves, leaf length, 

rhizome length, rhizome breadth and yield per plot. They 

also observed that number of tillers were positively 

correlated 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. MATKRIALS AND MKTHODS 

The present investigations were carried out at Regional 

Research Station, Kandaghat, Department of VegetablE:.: Crops, 

Dr Yashwant Singh Parmar University of Horticulture and 

Forestry, Solan (H.P.) during the Kharif, 1989. Details 

of the exper iment a long with the rna ter ia 1 U Hed and UlL' 

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 altit~.;je 

of 1500 rn above mean sea level~ at a latitude of 30 u 57' North 

and longitude of 77 0 6' East. 

3.1.2 Climate 

Meteorological data for the crop period could not Ill' 

recorded locally because of non-availability of observatory. 

Hence, the weather data recorded at Vegetable Research 

Station, Solan having more or less identical clim.:it.i.~ 

conditions have been included and 

have been appended in Appendix-A and 

in Fig.l. 

the mean weekly data 

illustrated graphically 

The overall weather was 

growth. 

favourable for the crop 



130 

120 

110 

tOo 

90 
"'" f 

tOO 
J . 
4:70 
u.. 

~60 
c( 

Q:: 

50 

4{) 

30 

:.20 

10 

0 
6 r~ 

MAY 

lNDEX-

RAINFALL I 
RELATIVE HUMIDITY ~ 

MAXIMUM TEMP. ~ 

MINIMUM TEMP. '-'-

30 7 

;rUNE JULY AUGUST SE.PTE.MS ER 

Fig.l MEAN WEEKLY WEATHER DATA 

14 21 lS 4 11 . IS 

OC.T08ER NOVEM~r.R 

90 

eo 
~ 

70 ,.. ... 
60 § 

~ 
~ 

50 :I: 

40 ~ 

~ 
30 u:: 

a::. 
2() 

10 



11 

3.2 PHYSICO-CHEMICAL PROPERTIES OF SOIL 

A composite soil sample of the experimental site 

(0-15 cm depth) was tak.en before tht:! ::;tart 01 cXf,Jt:!rll11l.!IIL 

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 in texture, neutral In reaction, hi(lh in 

organic carbon, available K and P and medium In N, H, Mo 

unci Zn. 

3.3 EXPERIMENTAL DETAILS 

The experiment was conducted 

Design with three replications. 

3.3.1 Detail of treatments 

~n Randomized Block 

The experiment consisted of ten treatments. The detai 1 

of treatments is given below: 
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Table 3.1, Physico-chamical characterietics of the eoil before the starL of thu uxpariment 

Soil characteristics 

A. Mechanical analysis 

Coarse sand (") 
fine sand (") 
Silt (") 
Clay (%) 
Texture 

8. Chemical analysis 

pH 

Drgunic carbon(%) 

Avuilubls -1 
nitrogen (kg he ) 

Available -1 
phosphorue(kg ha ) 

Available -1 
potassium(kg ha ) 

Exchangeable Ca (ppm) 

Exchangeable Mg (ppm) 

Available Zn (ppm) 

Available 8 (ppm) 

Available 1'10 (ppm) 

, 

Content 

32.12 
13.54 
30.72 
22.80 
Loam 

7.3 

1.95 

291.65 

46.6 

352.09 

1053 

688.2 

1.16 

0.96 

0.18 

Method employed 

International pipette method 
(Plpur,19G(;) 

(1: 2.5 60il watDI' suspension) • 
Glass electrode pH meter (Jackson, 
1967) 

Wulklt.lY unt..l U luck' ~ I(u~ld tltrullun 

lOut-hod (PljJul',19fjG) 

A lkillinu PUI'IIl1lflllunutu muthod 
(Subhl~h and nuiju,1~SG) 

Olsen's mathoJ (Piper,1966) 

Ammonium acetate method using flame 
photometer (Jackson,1967) 

Ca and Mg were 
neutral ammonium 
and determined 
method (Kanwar and 

extracted ~lith 

acetate (pH 7.0) 
by Versenate 

Chopra, 1976) 

Extracted with DTPA solution 
(Lindsay and Norvell, 1969) . and 
determined by Ato~ic Ahsorption 
Spec t ropho tOlJlt:ll.\j r'y • 

Extracted in hot water (Wear, 1965) 
and determinod by carmine method 
(Hatcher and Wilcox,19S0). 

Extracted with acid ammonium 
oxulatu (pll 3.3) uolution (Crl!)O. 

1953) and duLuI'minod tiy lhiocyunutu 
orango red colouI' method (Jackeon, 
1967). 



Truetmt:ln\; 
symbol 

---~-:---:----"7"---=-~:77:::;----'~~~ ------ .----Nutrient element ~pplled A p P 1 1 C I:! t ion rut u 

T, 

T2 

T3 

- T 4 

\. 
T6 

Control 

N 

N:P 

N:P:K 

N:P:K + In 

N:P:K + Mg 

N:P:K + B 

N:P:K + Mo 

No fertiliser application 
-1 

100 kg ha 
-1 

100:50 kg hI:! 

-1 
100:50:50 kg he 

100:50:50 t , lnSIl 
4 

100:50:50 + MgS0
4 

100:50:50 t Oarox 

-1 
7IJ klJ Ilu 

-1 
10 kg ha 

-1 
10 klJ Itu 

-1 100:50:50 + Ammonium molybdate 1 kg hi:! 

u 

T7 

Te 
Tg N:P:K + Zn ,+ Mg + 8 + Mo 100:50:50 + lnSO 20 kg + MgSO 10 kg + Borax 

4 4 -1 
10 kg + Ammonium molybdate 1 kg ha 

N:P:K + 2 f~liar sprays of 
Jugromin-99 (cholutud 
form of micro-nutrients) 

-1 
100:50:50 kg he + 0.7'j, in anu upruy 

at rhizome initiation stage 
and one month after first 
spray 

* Compoolticn of Jagromin-99 is Div~n In Appundix-H 

Replications 3 

Plot size 

Gross 3 m x 1.8 m (6 rows 3 m long) 
Net 2 m x 1.2 m ( 4 inner rows) 

Variet~ Local (seed procured through the Dept.of used Agriculture) 

3.4 FIELD CULTURE 

3.4.1 Layout of experiment 

Tt:le layout of experiment with randomization of var ious 

treatments has been given in Fig.2. 



-----
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1.8m 

Fig.2 LAYOUT PLAN 3m 
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3.4.2 preparation of field 

'l'he experimental field was prepared with the help of 

3 ploughings given by desi plough, each ploughing follo· .• :ed 

by planking. The experimental area was divided inco three 

l>lockl:l for three replicCltions and 10 1!1Qt~ within edch 

block labelled well. 

3.4.3 Manure and fertiliser application 

l"YM @ 30 
-1 t ha was applied to each plot <..Ind nd xt'd 

well with the soil. r'ull dotJe of P dnd K unu ~n , Mlj, B 

and Mo and Js N was applied at the time of sowing. Remaifli.fig 

N was applied in two splits viz. Js at rhizome initiation 

and ~ at tillering stage. Calcium ammonium nitrate (25% N), 

single superphosphate (16% P20S) and muriate of potash 

(60% K.p) were the sources used for nitrogen, phosph.r.·us 

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 

stage. 

3.4.4 Sowing of seed rhizomes 

The weight of the ~ach seed rhizome fingers . ranged 

between' 15 to 20 g. The sowing was done on May 15, l~~~. 

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.a5 per cent and Bavistin @ 
, 

0.05 per cent for one hour and dried in shade for t\.:enty 
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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 plots kept separately. 

3.5 OBSERVATIONS RECORDED 

3.5.1 Growth paromeL~r~ 

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 wat; measured in CHI, 

from ground level to the top of the tallest leaf sheath 

and was recorded .as average stem length per plant. 

3.5.1.2 Number of tillers per plant: Average number of 

tillers per plant for every plot were worked out. 

3.5.1.3 Number of leaves per plant; Averugc number of leav\.!o 

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 

and leaf area in cm2 was taken on automatic leaf area meter. 

3.5.2 Yield parameters 

The evaluated yield and yield contributing -=haracters 

are as follows: 
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. h ' f the rh1' zornes was worked 3.5.2.1 Rhizome S1ze: T e S1ze 0 

out in terms of length and breadth. 

3.5.2.1.1 Rhizome length: - Rhi zom<'" 

in cm for every rhizome of five randomly selecteu plants 

per plot and average worked out for each plot. 

3 5 2 1 2 Rh o br adth· Rhizome breadth was measured • • • • 1zome e . 

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 r-ecorded 

and averaged as yield per plant in g. 

3.5.2.3 Rhizome yield per hectare: The yield 
-1 (q ha ) was 

h h i f 1 ( 'J I ') 2 ) , I I Cd lculated on t e uOtj aij 0 n~t!) vl "JX. &. III yip I • 

3.5.3 Dry matter accumulation 

Two plants (from border rows) at random Wt'rc splectl'd 

from each plot at every growth stage viz. I rhizome 

in1 tiation (76 days after sowing) , t illering (10 1 day~ 

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 and then with 0.1 N Hel, single distilled water 

and finally with double distilled water. The samr!.es 

were oven dried at 65+5°C for four duyti till con~t".\IlL 

weight. Dry weight thus obtained, was expressed 1.n kg 
-1 

ha 

for rhizomes and tops separately by thL' followill':J tormuld: 
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Dry weight of two plants(g) x 10000 Dry matter 1 - - --
accumulation(kg ha- ) 0.12 x 1000 

3.6 CHEMICAL STUDIES 

3.6.1 plant studies 

Oven dried rhizomes and tops samples as described 

in section 3.5.3 were ground to powdery m"H:~s and tiubjt·cLl:d 

to chemical analysis. 

The samples were digested in 4:1 nitric acid 

perchloric acid mixture. The digest was dissolvE'd in 

double distilled water and filtered into 100 ml volumel...ric 

flask. In order to have complete transfer of the digested 

material, three washings of the digestion flask were 

given with double distilled water and volume made to 

100 mI. 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 determinedh~flame photometrical.ly 

(Jackson,1967). Zn was determined on Atomic Absorption 

Spectrophotometer. 

For estimation of N, the plant material was digested 

1n concentrated H2S0
4

, in the presence of digestion mixture 

20 g CuS0
4 + 3 g HgO + 1 9 Se-powder, 

thoroughly mixed). After digestion the NH
4

-N was estimated 

by colorimetric method as described by Uaethgen and AI] ( .' y 

(1989). 
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Separate dry ashing for Band Mo was done in muffle 

furnace for 6 hours at 550°C. Then ash was taken in 10 ml 

of 1 N HCl. Band Mo were then determined by carmine 

method (Hatcher and Wilcox,1950) and potassium thi.ocyanate 

orange red colour method (Jacx.oon,1~67), n .'::; puc t i Vl~ l Y , 

using Spectronic-20 spectrophotometer. 

3.6.2 Soil chemical studies 

After the harvest of crop, surface soil sampl~s 

(0-15 cm depth) were collected from each plot. Samples 

were dried, ground and mixed thoroughly and used for 

the d~termination of available nutrient contents viz., 

N, P, K, Ca, Mg, Zn, Band Mo by u:::>ing the :::>LCtodCtrd melhuu:::> 

as given in Table 3.1. 

3.6.3 Nutrient uptake 

3.6.3.1 Macro Nutrients: Mdcronutcicnl U.f:JtdKu uy rlli~(JIIIL'O 

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

formula: 

Nutrient 
uptake(kg ha- l ) = Nutrient content(%) x Dry matter(kg hn- l 

100 

3.6.3.2 Micro Nutrients: Micronutrient uptake w,w 

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

formula: 

calculated 

u~ing · the 

Nutrient -1 
uptake (g hal}.:: Nutrient content(ppn) x Dry matter(kg hLi ) x 1000 

10000 x 100 
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i t L I, l'lJ' )lllll WuU l,;~ll,;ul.:.llt·d ToLCll nulr cut Ul! Or-C uy I:J 1\ l!l } (. 

by summing up the nutr ient uptakes by 

treatmentwise for each stage separately. 

rhizomes and 

3.1. QUALITY PARAMt:'l't:HS AND INCID~NCI!: Ot' 1{Ul~OMJ:; HO'l' 

3.7.1 Quality parameters 

3.7.1.1 Crude fibre content: The estimation of 

tops 

~rude 

fibre content was done by the acid-dlkdll dlyetiLiull (atihill~) 

method with 5 9 sample as described by Sankaram (1966) 

and calculated in per cent dry wei~ht. 

3.7.1.2 Oleoresin content: The r-nnl('nt 

determined by using acetone as a sol vent as per procedure 

outlined by the Association of Official Analytical Chemists 

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

3.7.1.3 Oil content: 'fhe oil cOfll~nt Wd~ ul:tt.!rmin~<..I 1Jy 

using Clevenger apparatus as per procedure outlined by 

Association of Off icial Analytical Chemists {Hor-wi tz, 1980) 

and calculated in per cent dry weight. 

3.7.2 Incidence of rhizome rot 

The incidenc~ of rhizome rot was worked out by 

observing the symptoms on plants of every ploL c...lnd (,!xprc!:>~'l. ~d 

as per cent rhizome rot. 

3.8 ECONOMIC ANALYSIS 

After takipg into conaidL'l 'dl iOIl lilL' VoJ r i ~ 1; I l.~ 
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wuJ 1 dt::l tixt!d in~ul~ dnd corrctllJulJc..JillY lLALl'U, Ll1l! L:uuL 

lllcurrud on each Lreollnt.ml WQI:) WUl'kl,d uuL ("l)i!L'llli 1 x -(j ) • 

::;imulttlneoutJly yrotJtJ ct:!turnt::l wWCt.! work~u uuL 10e W<..tL:l. 

treatment based on market rates of the produce. Net returnti 

were then worked out by deducting the cost . incurred from 

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 

/1)lluwllllj L1.o LJt·LJcuduI. ll duucI·jl"·11 Ily ('111'1""" 

(1963). The treatment effects were tested at 5 per cent 

level of significan~~. 

3.9.1 Correlation studies 

The CO e f fie i tj n t 0 f cor reI (.t L ion ( r ) w ~U leu leu I d L t'd 

by the formulae: 

£..XY 
~X. 'f,Y 

n 

where, 

;[XY ::; sum of products of the coe re~JlJond j ny VLA 1 UCti of 
X and Y 

.fx2 = sum of square of variable X 
2. y2 = sum of. square of variable y 

'" ~. X ::; sum of all the variablcti vi 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 duri.ng 

Kharif 1989 have been presented 1n this chapter ':-lith the 

help of data tables and suitable illustrations under four 

broad sub-headings. 

I) Crop growth and yield studies 

II) Quality studies and incidence of rhiy.omf' 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 

-1 of leaves plant , 

(cm) , 

leaf 

number of 

2 area (cm ), 

tillers 

rhizome 

-1 plant , 

size 1n 

number 

terms 

of rhizome length (em) and rhizome breadth (cm) , yit'lcf 

plant -1 (g) , rhizome yield ha -1 
( y. ) dnd dry /TIaLl:vr 

accumulation (kg ha-1 ) in tops and rhizome at different 

stages of growth have · been presented in Table 4.1 to 4.3, 

and their corresponding analys is of va r i • .HICe have · I)( ·('n 

appended in Appendix-B. 

4.1.1 Crop growth studies 

4.1.1.1 Pseudo-stem length 

Data pertaining to mean length of pseudo-stem, as 

affected by various fertiliser treatments, are given in 

Table 4.1 and illustrated grap~ically in Fig.3. 
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A lJeru~al ot the 'l'dble 4.1 ("evt:"ctlt..·(j Lhctt lilt! f:JlctlllH 

of treatment registered maximum pseud-stem lcrqth 

(39.56 cm) and were statistically superior to all other 

treatments and were followed by T 4 and T 9 ' which were at 

par with each other. On the other hand I the minimum pseudo-

stem length (29.12 em) was observed in caHe of control 

(T
l

), which was at par with TS. No significant differences 

were observed in plant height of treatments rr 3 I '}'8; '1'6 I 

4.1.1.2 Number of tillers. per plant 

Observations on mean number of 

as affected by various treatments, are dc·tailed in thE' 

Table 4.1. 

An examination of the data revealed that all the 

fer~iliser 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 which was at par with The differences between 

treatments T4 and T9 were found to be. non-significant. 

Similarly, no significant difference~ were ob~ervcd 
c.J III u II ':J 

various ~treatments viz. IT 9 , T3
' 

T2' T6
' 

T8 and all these 

Lredtmcnts remained ::stati::stically HUl-'vriur tu 

4.1.1.3 Number of leaves per plant 

'I' ~ • 
:> 

Data on average number of leaves per plant, as affected 
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Table 4.1 Pseudo-stem length,number of ti l lers plant-I, No.of 
-1 2 leaves plant and leaf area (cm ) as influenced 

by various treatments in ginger 

Treatments Pseudo-stem Number Number Leaf ared 
length(cm) of of leaves ( cm 2,) 

tillers -1 
-1 

pLJnt ' 
plant - - - -

Tl 29.12 2.40 24.13 2H.3& 

T2 31.15 4.40 37.H7 2H.~l 

'I' 3 34.31 4.67 J~.:lU :le. ',1) 

'r 4 36.55 5.40 41.20 29.07 

TS 30.46 2.93 25.00 28.41 

T6 31.24 4.33 38.60 28.64 

T7 30.91 3.33 29.93 28.49 

Ta 33.51 4.33 39.00 28.78 

T9 36.32 5.20 41.07 29.18 

T10 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 



by various fertiliser treatments I have been tabulated in 

the Table 4.1 

It is evident from the data that T IO produced higher 

numher of 1 eaveR per pI ant (41.R), 

'1'4' '1'9 and T2 and was statistically superioc to rest ot 

by Tl (24.13) and it was at par with TS· 

differences were observed among treatments T 2 , 

No appreciilhlf' 

4:.1.1.4 Leaf area 

The results on mean leaf area, as influenced hy 

various fertiliser treatments have been embodied 1.n the 

Table 4.1. 

An examina tion of the data revea 1 ('0 that th01 ('.I f 

area (cm) was significantly increased by all the fertili~er 

treatments as compared to control. With the combined 

application of minor elements viz., Zn, Mg, H, Mo and NPK 

('I' y )' there was a significant i riC c<...·<..1 I-H..' in 

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

1n respect of leaf area and was signif icantly supe,-.i.or 

to TIO ' T 3 , the latter two being at par wit.h each other. 

Treatment T 6 was significantly superior to treatments T 5 

and T7,which were statistically similar to each other. 



25 

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 brea-.ith (cm) 

have been given in the Table 4.2. 

4.1.2.1.1 Rhizome length: It ~s evident from Tahle 4.2 

that mean rhizome length, as affected by various fertiliser-

treatments, ranged from 8.15 to 12.58 cm, being lowest 

in treatment Tl and highest in treatment T IO • Treatment TID 

was statistically superior to all the treatments excepting 

T 4' T 9 and T 3. An increase in rhi zome length of 4.17 cm, 

3.03 em, 1.26 cm was recorded in case of T4 (NPK) over 

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

appreciable differences were observed among thtments 

T9 , T3 , Ta; T3 , TS' T6 ; T6 , T2 , T7 ; T2 , T7 , TS and T
I

• There 

was a decrease ~n rhizome length wi th soil application 

of minor elements along with NPK. 

4.1.2.1.2 Rhizome breadth: An examination of T~l)le 4.7 

nwealed that T4 registered maximum rh.i:Gome brLocHlth «().~4 elll)./ 

which was closely followed by T
9

, TID and T
8

; while m1.n''Tlum 

rhi zome breadth (4. S 2 cm) was observed 1.n case of cont rol 

(T 1 ) ~ whiQh was comparable with 

and T3 exhibited a significant cii ffcrc'ncC', 

Treatments 

hut hoth were 



Table 4.2 Ginger yie~d per pla~~ ane per ha and rhizome size as influenced by 
various treatments 

Treatments Yielc_1 Per cent ~hizome -1 Per cent Rhizome size 
plant increase yield ha increase Rhizome Rhizome 

(g) over (qJ over length breadth 
control control (cm) (ern) 

T1 62.73 63.61 8.15 4.52 

T2 112.73 79.71 98.61 55.02 9.29 5.69 

T3 115.27 83.76 103.61 62.88 11.06 5.31 

T4 125.87 100.65 117.22 84.28 12.32 6.94 

T5 72.67 15.85 71.81 12.89 8.43 4.61 

T6 112.20 78.8E 99.86 56.99 9.63 5.65 

T7 82.73 31.E; 77.0R 21.18 8.69 4.68 

T8 112.93 81.E2 1:2.49 61.12 10.59 6.69 

T9 125.8- 100.E: 1:6*25 82.75 11.73 6.85 

T10 12E.93 105.:; 121.39 90.83 12.58 6.82 

S.Ed. E • ::3 6.07 0.76 0.17 

C.D. at 5% 1- - ... :2.76 1.60 0.36 ~ , _. -

~ 
C" 
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4.1.2.2 Yield per plant 

ObBervationB on r.hi~olt\c yll.'ld lJvr' lJI.IIIL 

influenced by different fertiliser treatm0nt-s, have been 

summarised in Table 4.2 and illustrated graphically 1n 

4 ( I) ) . • 

It was found that the highest rhiz()[{I(' yi('ld (.J('(' 

plant was recorded in Cdl:ie of 'I' 1(1 
(1/H.<i 't <\ 

plant-l),which remained ill par wilh '1'')' 'I' 
I} 

'(' 
J 

IOl-irKedly Buperior to (.)11 olilcr lll',llllh'lll :;. vic-Itl 1)1'1 iJl.llll 

increased with the application of NPK fert j 1 j sees (T 4) by 

100.65 per cent, 11.66 per cent and 9.? fJer cent over 

control N ( '1' ) 
2 

significant differences 

and 

were 

NP 

observed 

and 'J' 1 • 

was found to be decreased wi th tile so i 1 

minorcllements viz., ~n, fYllj, H oIlid MCl. 

in yield per plant was found in cast' of '\' .­
) 

-1 
followed by T7 (43.14 9 plant ) ov('r '1'4. 

4.1.2.3 Rhizome yield 

The rh i zom0. y i 0.1 d 

graphically in Fig.4{a). 

Nu 

among Lreatments 

yield per plant 

iJ[J[.JJ ication of 

( I:> 3 • ? -1 
J?l.ant ) 

An examination of the data revea led that th h' e r 1zome 

yield increased with the application of NPK ( '1' ) 
4 

by 84.28 per cent, "8.87 per cent and 1 ) • 1 11 
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and NP The highest 

'flas recorued wi L1l Lhe .J. t't' t 1 eLl L lUll u1 

of NPK (lOO:'10: r ,o kq \hl-
1 ) 1(" " \ 11 i ~;I'rn 

tollow~d by two foliar ::;prays ot ,JCJ<:Jrolllin-lJ~ which 

rest of the treatments was significantly superior to 

excepting T4 and Tf))which remained at par wi I ' h 'I' I () and 

'rr: I 
. ) 

'1' 7 ; '1' '" 
. ) 

dnc1 'I' 1 • '['he> 

rhizome yields decreased with the soi1 application of 

minor elements viz., Zn, Mg, B and Mo. 

of 45.4 q ha- 1 and 40.1 q ha-
1 

was 

of Zn ( 0 k S ha-l) 
2 g Zn 04 and B 

respf'cl"ively over NPK. 

" • 1 .] Dey inti t tee tH~CUIllU 1.1 t ion 

'l'he max 1 mum decrea'S(~ 

nolec/ with dpl!licdt.ioll 

(10 kg Borax 
-1 

ha " )) 

Oat a 0 nth e dry mat t era c r. IlIn \I 1 ; I I i () n 
-\ 

I" 1 ) 

tops and rhizomes at different stagp.s of growth <lrc' fJres(~ ntcd 

It is evident from the data that thp a iJ ~ l i C <.J L i () Ii 

of NPK (T 4 ) produced highest dry rn,)LI:('r L h rO\l\J II tous ; 

however, at par with TID and T I)' siljllific'\lIl Iy :; \I P' . r I () r 

to rest of the treatments at the rhizome initiation stage. 

In case of rhizomes, TIC produced highest dry matter) which 

reUt...l .i IH~d at par with 'I' 9 t:ind 'I' 
4 • 

J\ I I L1ll' til ' . rt 1111 'Ill !; Wt'l l..' 

significantly superior to control (T
1

) In rC'sppct of ory 

matter accumulation through tops and rhizomes at rhizome 

initiation stag ri
• No Sl'g 'f' t J' ff I c nl 1can (11 l'rl'nr4'~; W4" (' n )s('r-v( ,d 



Table 4.3 

Treatments 

Tl 

T2 

T3 

T4 

TS 

T6 

T7 

Ta 

T9 
T10 

S.Ed. 

C.D.at 5% 

Dry ma~ter acc-.=.ulation (kg 
differe:lt stages of growth of 

ha -1) in tops and rhizomes a~ 
ginger as affected by various 

treatments 

STAGES 
Rhizome initiati=~ Ti11ering Harvest 

Tops Rhizc-es 'Iops Rhizomes Tops Rhizomes 
• 

362.22 2C9.~: 661.11 1100.00 904.33 2039.44 

417.7E 345.(: 786.11 1655.S6 l1E2.44 3781.11 

433.3~ 353.~: 811.11 1700.00 122E.OO 3936.11 

469.4~ 395.:: 913.89 1876.67 1322.75 444~.44 

398.8~ 276.E- 736.11 1441.66 1035.78 2632.22 

421.6- 342.2: 841.66 1708.33 l1E9.67 404i.78 

405.5: - - - r'" 
L.~:>. ~ . 763.89 1580.56 11:E.45 299C.55 

431.6- -.!~ ,: 
.j --' .... - E/7. i S 1752.78 12£4.63 413(.56 

463.8~ -;c::; := E?7.22 1858.33 12-:.45 445-:-.78 ...; -." . - -
467.2: -".- -: --

'::: 1 . : S~I.E6 1922.22 13::.2.1 457:.89 

8.~- - ,..- 2! l ~ 41.86 - ~ ""'IiI_ 22::.03 " ... - . .. . . - - .. ... ..... - - • - I 

17.7: .. :: -.- 50.EO 87.95 -:--.:'6 46~.59 - ~ . -

....., 

..... -
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t 'I' '1' '1' and T between tratmen ~ 3' 8' 6 2" 

'freatment '£10 accounted for the h iytH.!H L dry Ind ller' 

production through the tops and rhizomes at the ti llering 

~taye , which Wt:l~ cal. !Jar with '1' 9 
and 'I' 4 " 

')' 
H 

wct~ )lHllld 

to be statistically at par with T9 , T4 and T6 in respect 

of dry matter production through tops. In case of rhizomes, 

no appreciable differences were observed between treatments 

TS' T6 and T 3 • All the treatments were significantly superior 

to control in respect of dry matter production through 

tops and rhizomes at ,tillering stage. 

At the harvest stage, treatment behaving 

statistically alike with T 9 , Ta and T
4

, produced highest 

dry matter through the tops and rhizomes. No signif icant 

differences were observed between treatments 'r9' T8' T
3

; 

T3 , T6 , T2 and T2 and T7 in respect of dry matter f.Jcoduction 

through tops. Treatment T 9' closely followed by T 4 I 'r 8 

and T6 , was significantly superior to T
3

, T
2

, T7 which 

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 (T I ) in respoct of dry matter accumulation hy 

tops and rhizomes. 

4.2 QUALITY STUDIES ~~D INCIDENCE OF RHIZOME ROT 

Data on oil content (%), oleoresin content (ft), cru(h~ 

fibre content (fl.) and incidence of rhizollIt. r' ot h .... Vl' 

presented in Table 4.4 and corresponding analysis of variance 



are appended in Appendix-C. 

4.2.1 Quality studies 

4.2.1.1 Ginger oil content 

31 

None of the fertiliser trcilt.m~nt'"' could t.li(Jrlifir.alllly 

affect the ginger oil content (%) aB shown -in Lhe 'L'ahle 4.4. 

However, the application of NPK + B (T 7 ) accounted for 

highest ginger oil content (1.96%) and T2 the 1owest. 

4.2.1.2 Oleoresin content 

Data pertaining to per cent oleoresin content as 

influenced by variou6 fertili6er In.· .. IIlIt'III!; .lIt ' I'll·~;t·IILl'd 

in the Table 4.4. 

Highest oleoresin content in rhizomes (5.59%) was 

recorded with the application of NPK + B ('1'7) I which was 

closely followed by TEj. No F?i<Jni fic.lllt 

observed among treatments T 6' T 5' 

latter two also observed to be not 

'1' 
R 

significantly 

wllile tllt.~ 

different 

from Tg and TlO • Applicat.ion of nitrogen (T
2

) accounted 

for the lowest oleoresin content, although . statistically 

at par with T l, · T 3 , T IO and T
4

, the former two being at 

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

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 variot:s treatments on the ginger oil co::tent (% ) , 
oleoresin content (% ), crude fibre content ( %) and incidence of 
rhizome rot 

Treatments 

T1 

T2 

T3 

T4 

TS 

T6 

T7 

TS 

T9 
T10 

S.Ed. 

C.D.at 5% 

Ginger oil Oleoresin Crude fibre Incidence of riOf_zOll. i~ 
content(%) content(%) content(%) rhizome rot(%} 

1.71 5.29 3.88 22.11(27.97} 

1.67 5.25 3.92 22.59(28.07) 

1.75 5.31 3.73 26.03(30.67) 

1.75 5.34 3.83 24.21(29.33) 

1.83 5.47 3.72 14.06(21.92) 

1.88 5.49 3.60 24.91(29.85) 

1.96 5.59 3.63 21.92(27.77) 

1.79 5.42 3.77 22.19(27.S1) 

1.88 5.39 3.62 24.23(29.37) 

1.79 5.33 3.7E 23.07(28.63) 

0.153 0.051 0.OS6 3.5(3 

NS C.11 0.2(2 NS 

Figures in tte parentheses represents Arc Sine 
transformed ~alues 

w 
~ 
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the Table 4.4. 

/ 

'l'he crude fibre content W.-:.u:1 lound to be h l(JIlL'o L. 

(3.92%) with the application of N followed by 'I' l' 

T 4 , T lO ' Ta, T3 and TS. Lowest crude fibre cont'"3nt WCl!:i 

ubH~rv~d in ca~e of treatm~nt '1' 
6 

(NPK + My); wllieh 

was statistically similar to T
9

, T
7

, T
5

, T
3

, Ta and T
10

' 

the latter five treatments being again on par with T4• 

4.2.2 Incidence of rhizome rot 

A statistical analysis of the data showed that the 

fertiliser treatment failed to affect the incidence of 

rhizome rot (Table 4.4). 

However, application of NPK + Zn accounted 

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

followed by T7 (21.92%), Tl (22.11%) and TK (22.1<)'b). 

Highest incidence of rhizome rot (26.03~) was recorded 

with the application of NP (T
3

).1 followed by Tg (24.23%), 

and T 4 (24. 21 % ) • 

4.3 PLANT AND SOIL CHEMICAL STUDIES 

4.3.1 Nutrient content in ginger plant 

The data pertaining to effect of various tr~tments 

on nutrient content L1 tops and rhizomes of ginger at 

di f ferent stages of gr.owth have been given j n Tab 1 es 4.5 t.o 

4.12 and the corresponding analysis of variance have been 

appended in Appendix-D. 
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4.3.1.1 Nitrogen content 

Observations on the content of ni trogen in ginger 

i t d · ff t Rt.lgPS of crop <Jrnwth pll1nt tops and rh zomos 11 1. . ercn .. 

are given in the Table 4.5. 

The nitrogen content in the ginger ~ in gpner.al~ was 

[ounn to be maximum at rhizome initiation stagp. which 

thereafter started decreasing with advancement of the 

crop growth. 

The ginger tops of treatment TS containen the 
, . 

maXlmum 

N content at rhizome initiation stage,which wac statlotical~y 

stage treatment T6 , behaving statistically alike with 

TS' 'was found to contain the highest N content. Similarly, 

treatment T 6 , being statistically indistinguishable from 

'1'') , '1' H' 'I' 
2 ' TID' '1' 3 ' was found to hdve t.he lIIc1XiIllUIII N cunL"IiL 

1n the tops at the harvest stage. plant tope obtained 

from control (TI ) contained lowest N content at all the 

stages of growth, however, were at par with T7 at rhizome 

initiation and harvest stage. 

None of the fertiliser treatments could signi ficant ly 

affect the N content in the rhizomes at rhizome initiation 

stage. Whereas at the tillering stage, maximum N content 

in the rhizomes was recorded in case of treatment 1'2' 

which was statistically at par with T
6

, T
5

, Ta' T3 and 1'4" 

Treatment T6 was found to contain highest N content 

thp. rhizome at the harvest stage, though remCt ined at 

i n 

[JCl r 

with TS' Ta, T'2' Tg and TIO. Lowest N content in the rhizome;; 



Table 4.S Nitrogen content(%) in ginger tops .and rhizomes at different stages of 
growth as affected by various treatments 

Treatments TOEs Rhizo:::es 
Rhizome Tillering Harvest Rhizome Tillering Harvest 
initiation stage stage initiation stage stage 
sta2e stage 

Tl 3.0S 2.71 1.76 1.96 1.66 1.56 

T2 3.41 3.11 2.00 2.08 1.90 1.77 

T3 3.24 3.0S 1.94 2.05 1.80 1.71 

T4 3.23 3.08 1.99 2.03 1."'E 1.72 

TS 3.40 3.22 2.07 2.10 1.E5 1.81 

T6 3.36 3.27 2.08 2.15 1.89 1.83 

T7 3.21 3.02 1.89 2.02 1.73 1.61 

Ta 3.44 3.12 2.03 2.09 1.80 1.79 

T9 3.27 3.02 1.92 2.12 1.6~ 1.75 

TID 3.27 3.04 1.98 2.06 1.-:-~ 1.74 

S.Ed. 0.082 0.051 0.068 0.082 O.-:;f7 0.050 

c.:>. at 5% 0.174 0.107 0.143 NS · O.l~O 0.106 

w 
Vl 
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t 1 (Tl) at all stages of growth, 
was recorded in the can ro 

however, it was at par with T 9 , T 7 , 

tillering and T7 at harvest stage. 

4.3.1.2 Phosphorus content 

'I' at 
3 

Data on the phosphorus con ten t in tops CI nd rh i zomvFI 

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 (T
3

) produced ginger tops w~~h 

highest P content at rhizome initiation and tillering 

stage, which was at par with T 10 , '1'7' '1'4 in the forl1l('r 

and with T
4

, T
7

, TID and TA in the latter stage. Applicatiop 

of N (T
2

) was found to decrease the P 

at the harvest stage as compared to 

content in the 

'£1 (control) ; while 

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

Treatment T 4 recorded highest P content in the tops, which 

remained statistically at par with all other treatmcnt.s 

except T2 and TI • Lowest P content waS observed in treatments 

TI and T2 I which were statistically at par with each other 

and with TS and Tg at. rhizome initiation and tillering 

stages. 

Simi lar trend in respect of P content J n rh i :lOIn(':; 

was recorded at the rhizome injtiation and tillering st~g~s. 



Table 4.6 Phosphorus content{%) in ginger tops ana rhizomes at cifferent stages of 
growth as affecte= by various treatments 

Treatments To:>s Rh':'zomes 
Rhizome Tillerlng Harvest Rhizome Tillering Harvest 
initiation stage stage initiation stage stage 
stage stage 

T1 0.4fl1 0.400 0.259 0.208 0 .. 207 0.176 

T2 0.469 0.389 0 .. 241 0.211 0 .. 222 0.198 

T3 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 0.214 

T8 0.536 0.466 0.292 0.263 0 .. 267 0.221 

Tg 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.e22 0.016 0.012 o. : 08 :.012 
C.D. at 5% 0~0489 0.0459 0.0326 0.0243 0.:172 ~s 
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The ferti 1 iser treatments fai 1 ed t.O affect thp. p content 

in rhizomes at the harvest stage. 

4.3.1.3 potassium content 

K content in tops and rhizomes at dif feren t stage:::; 

uf growth as influenced by varinu/:J I('rtilil;c'¥" t- ratml?nl:; 

is presented in the Table 4.7. 

A perusal of the data revealed that the K content ... 

in general, decreased with the ~dViH1C(:IIl('nt of g('owth of 

ginger plant. This decline was more rapid in the tops 

then in the rhizomes. It was observed that thp. application 

of N or NP decreased the K content 1 n ('h i :tOIllC'S il nd to[Jti 

at all stages of growth. 

None of the ferti liser trea tmen l:-; cou 1 d s i yo if iCi.lnt , y 

affect the K content 1.n the tops at rhi~ollle initiation 

and harvest stages. However, T 7 produced L()(.J~ wit It h iglles l 

K content in both the stages. K con tent in the lOf:J::) w .... ~ 

~.i.9nificantly affected by the variouH !\"l-Li I i::>v( .Ln'u '. IIIl'lIl:; 

at tillering stage. Highest K content was recorded in 

case of treatment TID' closely followed by TS' 'r
7

, T
4

, TS' 

Tg and T
6

; while the lowest K content waH rt'lJiHtered III 

T3 which was comparable with TI , T2 and T6" 

K application significantly increased the K content 

in the rhizomes at rhizome initiation stage, being highest 

in the trea tment which was st .... tisl ic.d Iy .. I pel r wi III 



Table 4. 7 Potassium content (%) in ginger tops and rhizomes at different stages of 
growth as affected by various fertiliser treatments 

Treatments TOEs Rhizomes 
Rhizome Tillering Rhizome Rhizome Tillering Harvest 
~nitiation stage stage initiation stage stage 
stage stage 

Tl 4.188 3.800 2.338 2.838 2.488 2.263 

T2 4.150 3.850 2.300 2.763 2.463 2.213 

T3 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 

T6 4.264 3.938 2.200 2.913 2.500 2.325 

T7 4.375 4.038 2.400 2.950 2.525 2.438 

T8 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 0.096 0.079 0.088 0.079 0.087 

C.D. at 5% NS 0.201 NS 0.184 t-'s 0.1'83 

W 
\0 
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At the 
4 ' 

I< content rhizomes was not significantly affected 

t m behaving Btati~tical1y alike 
by various treatmen s. 15' 

d T significantly increased the K 
with T 4 , T7 , Ta an 10' 

content in the rhizomes of harvest stage as compared to 

I , t' of NP (T ) produced rhizomes other treatments. App 1ca 10n 3 

with lowest K content at all stages, which was statistically 

at par with T2 and . Tl at rhizome initiation and '1'2' '1' 
I ' 

T
6

, T9 and T
lO 

at harvest stage. 

4.3.1.4 Calcium content 

The effect of various treatments on the Ca conten t 

in tops and rhizomes at different stages of growth is 

presented in Table 4.8. 

It is evident from the data 1n Tabl e 4.8 that the 

Ca concentration in tops and rhizomes was found to be 

highest at tillering stage and thereafter, a decline in 

the Ca concentration was observed. 

The ca· concentration in the tops was signi ficantly 

affected by the application of nutrient elements as compared 

to control at rhizome initiation stage. Highest Ca content 

was recorded in case of treatment T7 , 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 ~tage, which was 



'fable 4.8 Calcium content{ %) in ginger tops anc rhizomes at different stages of 
growth as affected by various treatments 

Treatments 
TOEs Rhizomes 

Rhizome Ti1~ering Barvest Rhizome Tillering Harvest 
initiation stage stage initiation stage stage 
stage stage 

T1 1.053 1.235 1.079 0.143 0.163 0.159 

T2 1.274 1.391 1.287 0.159 0.198 0.186 

T3 1.287 1.430 1.261 0.160 0.195 0.192 

T4 1.209 1.443 1.235 0.152 0.190 0.184 

T5 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 

T7 1.313 1.482 1.378 0.177 0.202 0.199 

T8 1.300 1.456 1.313 0.173 0.196 0.194 

T9 1.287 1.443 1.300 0.161 0.185 0.196 

TID 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 

~ .... 
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statistically at par with all the treatments except 'f 
4 

and T
l

• All the, fertilised treatments significantly incred~cd 

the Ca content as compared to T l · 

At the rhizome initiation stage, treatment T 7 , behaving 

statistically similar to produced rhizomes with 

significantly higher Ca content; while the lowest Ca content 

was recorded in treatment which was statistically 

comparable with T4 and TS" Ca content was significantly 

increased by the fertiliser treatment as compared to control, 

being highest in treatment 'l'reatment 'j' 
"/ ' c-xhibit\n9 

no statistical diffcrencos to T 4' .,nd 'f' 
I ' 

rhizomes with highest Ca content at the hdrVcl::JL HLo.lJc 

and all the fertiliser treatments were statisti'cdlly superior 

to control (T
l

). 

4.3.1.5 MAgnesium content 

The data on the Mg content in tops and rhizomes 

at different stages of growth as affected 

treatments are presented in the Table 4.9. 

by various 

The Mg content in the tops was found to be maximum 

at tillering stage and thereafter, there was u Hharp ck.c1 in£> 

in the Mg content,· while ;n cas'" ot • .... ctiizometi thece Wdti 

a gradual decline with the advancement of gcowth stage. 

Application of Mg with NPK (T
6

) siynificdllLly incre~~ed 

the Mg content 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 trea~ents 

Treatments Tops Rhizomes 

Rhizome Tillering Harvest .Rhizome Tl11ering Harvest 
initiation stage stage initiation stage stage 
stage stage 

T1 0.411 0.471 0.314 0.151 0.127 0.121 

T2 0.458 0.508 0.319 0~165 0.146 0.129 
rr 0.430 0.525 0.335 0.169 0.154 0.145 -.., 

J 

T4 0.437 0.507 0.3~O 0.157 0.149 0.150 

TS 0.466 0.492 0.338 0.161 0.153 0.152 

T6 0.537 0.576 0.377 0.178 0.169 0.166 

T7 0.496 0.503 0.335 0.167 0.152 0.145 

Ta 0.462 0.499 0.324 0.157 0.147 0.144 

Tg 0.530 0.558 0.3E2 0.180 0.166 0.163 

T10 0.445 0.480 0.329 0.162 0.158 0.153 

S.Ed. 0.026 0.030 0.C:3 0.012 0.011 0.012 

C.D.at 5~ 0.054 0.062 NS NS NS 0.J24 

~ 
w 
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At the tillering stage also, T 6 produced tops with high 

Mg content, though statistically at pur wi th '[' 
') 

and 'I' ~ . 
The Mg concentration at harvest stage was not ~ignifiCGtntly 

influenced by various trea~ments. 'l'reatment '1'1 woo found 

to produce tops with lowetlt Mg conLent .... t chiztJlIIl' i rti L i.,d i (III 

and tillering stages, which was statistically comparable 

with T
3

, T
4

, TIO ' T
2

, Ta and TS in case of former and 

with T
3

, T
2

, T
4

, T
7

, Ta; T5 and TlO 
in case of latter stage. 

The treatments failed to significantly influence 

the Mg co~ntent in case of rhizomes at rhizome initiation 

and tillering stages, however, Tg produced rhizomes with 

high Mg content. 

At the harvest stage I treatment T 6 produced rhizomes 

with highest Mg concentration which remained statistj ~a] 1 y 

at par with all the treatments except T 2 and T 1 

treatment " TI' statistically comparable with T2 

produced rhizomes with lowest Mg concentration. 

4.3.1.6 Zinc content 

Observations on Zn content in tops 

at different stages of growth as affected 

treatments are presented in Table 4.10. 

and 

by 

while 

and 

rhizomes 

various 

A perusal of the data in Table 4.10 reveals that 

the Zn content, in 1 d genera, ecreased wi th th(' advdncement 

of growth stage in the ginger pIilnt. 



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

Treatments 
TOEs Rhizomes 

Rhizome Tillering Harvest Rhizome Tillering Harvest 
initiation stage stage initiation stage stage 
stage stage 

T1 35.33 33.33 23.33 17.33 13.33 12.67 

T2 40.67 37.33 24.33 22.33 lS.00 16.00 

T3 37.67 35.00 23.67 19.00 15.33 14.0C 

T4 39.33 36.67 2S.00 20.33 17.67 16.67 

T5 49.33 44.33 30.33 26.33 2S.33 23.67 

T6 43.67 39.33 2S.33 21.67 19.67 14.33 

T7 41.00 3E.OO 2S.67 22.33 18.00 IS.6-

TS 41.67 3~.67 26.00 lS.33 18.33 16.3~ 

T9 4S.00 ~5.33 32.67 26.67 21.67 20.0: 

TIC 40.00 3~.OO 29.33 23.33 20.33 17.6-

S.Ed. 2.698 :.137 1.990 2.049 1.83~ 1.S:5 

C.D.at S% 5.67 ~.49 4.17 4.30 3.86 3.1~ 

~ w., 
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Maximum Zn concentration at the rhizome ir,itiation 

stage was recorded in the tops obtained from plots treated 

with NPK + Zn (T 5)' which was statistically at par with 

and Application of Zn significantly increased 

the Zn content in the tops at tillering stage. In this 

stage, treatment T 9' statistically on par with '1' 5' 

significantly superior to rest of the treatments. At the 

harvest stage, T9 , behaving Btati~ticully Hilllilc.1C wi Lli 

TS and T
10

, significantly increased the Zn ~n the tops. 

Lowest Zn content in the tops was found in case of r I' 

which was statistically at par with T
3

, T
4

, T
lO 

and T2 

at rhizome initiation stage, with T
3

, T
4

, and at 

tillering stage and with T
3

, T
2

, T
4

, T7 and TS at harvest 

stage. 

Rhizomes obtained from treatment found to 

be highest in respect of Zn content at rhi zornc ini tia t ion 

• stage, however, were statistically si~ilar with TS and 

TIO · At tillering stage, treatment TS ' behaving statistically 

alike with T9 , produced rhizomes with highest Zn content. 

Zn content in rhizomes was significantly influenced by 

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

The Zn content was found to be lowest ~n case treatment 

Tl at all stages of growth., which was statistically at 

par with Ta' T3 and T4 at rhizome initiation ::;tage, with 

T3 at tillering st.age and with T
3

, T6 and T7 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 'fable 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 tillerincJ 

stage. 

Application of B in combination with NPK ( '1' ) 
7 

significantly increased the B content 1n the tops at all 

the crop growth stages as compared to all other treatments. 

Lowest B content in the tops was recorded in ca~e of control 

(T I ) at rhizome initiation and tillering stages, which 

was statistically at par with T 6' T 2 I 'r 10 and T 4 in the 

former and with T4 , T3 and T2 in the latter growth . stage. 

At the harvest stage, plant tops obtained from plots 

treatment with N (T 2 ) were lowest 1.n R content, which 

was statistically similar with T3' TI' T
4

, TS' TS and T
6

. 

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 rhizomL'ti 

at different stagef:l ~ as influencL'd uy v.:.ar.iouti tcrti1i~t...'r 

treatments.lare presented iOn the Table 4.12. 



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

Treatments 
TOEs Rhizomes 

Rhizome Tillering Harvest Rhizome Tillering Harvest 
initiation stage stage initiation stage stage 
stage stage 

Tl 38.83 33.44 23.33 14.39 15.00 11.50 

T2 40.28 33.67 21.83 14.50 15.11 11.83 

T3 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 

TS 44.22 36.S6 2S.00 14.85 15.46 12.06 

T6 41.39 38.00 2S.33 14.SS lS.13 12.22 

T7 48.51 45.78 31.00 15.67 16.89 12.9.4 

TS 44.00 38.83 24.72 14.69 15.44 12.33 

T9 42.89 39.89 26.22 15.89 16.33 12.78 

TlO 39.67 38.39 27.00 lS.17 15.74 12.44 

S.Ed. 1.813 1.235 1.696 1.112 1.298 1.023 

C.:;.at 5% 3.81 2.60 3.S6 NS NS NS 

~ 



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

Treatments 
TOES Rhizomes 

Rbizome Tillering Harvest Rhizome Tillering Harvest 
initiation stage stage initiation stage stage 
stage stage 

Tl 1.283 1.143 0.720 0.790 0.713 0.650 

T2 1.320 1.227 0.803 0.803 0.752 0.703 

'I' 3 1.267 1.233 0.820 0.753 0.730 0.647 

T4 1.233 1.170 0.750 0.730 0.712 0.680 

TS 1.303 1.283 0.827 0.773 0.740 0.653 

T6 1.290 1.143 0.770 0.770 0.717 0.~33 

T7 1.2EO 1.lS0 0.687 0.712 0.613 0.5S0 

TS 1.377 1.330 0.893 0.943 0.SS3 0.767 

T9 1.377 1.330 0.910 0.973 0.820 0.773 

T10 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% ~s NS NS NS NS NS 

~ 
I.D 
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K, the Mo content dlso dec] 'ined As in case of N, P, 

with the advancement in growth stage in DoLh rl1i~ollles 

f d th t all the treatments failed and tops. It was oun a 

to signif icantly affect the Mo concentration in the tops 

and rhizomes at all stages of growth. 

Highest Mo content in the tops and chi zornes at all 

stages of growth was observed in case of treatments '1' 
8 

and T
9

, respectively. Treatment T7 accounted for the minimum 

content of Mo in the rhizomes at all sLaye::; 01 yrowLIl. 

r.owest content of Mo in tops at rhizome ini tidt: ion St.'FJ(', 

tiller ing stage and harvest stage was Ob~:H;H·ve<.J in C...t::;e 

of treatments T4 , Tl and T6 and TI' 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 N uptake 'through plant tops and rhizomes I as 

affected by various treatments, at different stages of 

growth has been presented in Table 4.13. '1'otal N uptake 

by ginger plant has also been 1'llustrated d' , 
l~yrammatlcally 

in Fig.6. 

A perusal of the data l' n T bl 4 1 a e • 3 revealed that 

the rate of nitrogen uptake h' was 19he~t, 111 respect of 



Table 4.13 

Treatments 

Tl 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 
T10 

S.Ec. 

C.D.at 5% 

Ni trogen uptake (kg ha -1) by different plant parts of ginger at different stages 
of growth 

STAGES 
Rhizome initiation Tillering Harvest 

Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total 

4.11 11.04 15.15 18.24 17.92 36.16 31.85 15.89 47.74 

7.16 14.24 21.40 31.48 24.43 55.91 66.74 23.68 90.42 

7.23 14.06 21.29 30.51 24.73 55.24 67.39 23.77 91.16 

8.01 15.15 23.16 33.33 28.20 61.53 76.63 26.30 102.93 

5.82 13.58 19.40 26.66 23.67 50.33 47.67 21.45 69.12 

7.35 14.18 21.53 32.30 27.55 59.85 74.19 24.75 98.94 

5.74 13.03 18.77 27.29 23.09 50.38 48.18 21.12 69.30 

7.30 14.87 22.17 31.55 27.25 58.80 74.00 25.63 99.63 

8.38 15.19 23.57 31.22 27.09 58.31 78.03 24.51 102.54 

8.19 15.27 23.46 33.45 28.63 62.08 79.71 2E.16 105.87 - . 
0.334 0.527 C.582 1.416 0.974 2.656 4.722 0.976 4.755 

0.70 1.11 2..22 2.98 2.05 5.58 9.92 2.05 9.99 

I..n 
!-' 



total plant, in between tillering and harvest stages, 

d ' 't d t s01'1 as a fert.iliser. when N was directly a m1n1S ere 0 . 

All thu fertil iser tred tmen tM under M L udy were I.i i lJII j 1 i Cd /ll I Y 

superior 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 accumulation 

was found at tillering stage and ther-ea[tl~r, a dl~cl i ne 

in the nitrogen accumulation was observed; whi Ie rhizomes 

,continued to be accumulating N till harvcHt ot.HJe. 

Tops accumulated higher proportion of N at rhizome 

initiation stage as compared to rhizomes 1n all the 

treatments under investigation. Highest N · uptake 1n the 

whole plant and rhizomes (23.57 and ~.3ti kg ltd 
-1 
~ 

respectively) was recorded in treatment '1' 9' which was 

at par with treatments TIO and '1'4. '1'10 register-cd higher 

nitrogen uptake (15.27 kg ha- 1 ) in th~ tapti i..lt rhizullle 

in i t i a t ion s tag e , W h i c h was s tat i s tic d 1 1 y i "d i::; Lin lj u i s 11 <.J lJ I e 

from T9 , T4 , TS' T
Z 

and T
6

• 

The N uptake at tillering stage through rhizomes, 

tops and whole plant was found to be maximum ( 62.0 H , 33.45 I 

in TIO.l which was statistically at par with 

treatments T
4

, T
6

, TS 

by the whole plant at 

higher N quantity as 

higher dry matter. 

At the harvest 

and Tg • 

tillering 

compared 

stage, 

Out of the Lol\.l} N removed 

stage, rhizomes accumu"lated 

to the tops oWIng to the 

l i k l..! t Ill' I i I \ \' r i fI'J :;\ .I'J", 
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T removed highest quantity of N in the whole plant and 
10 

in the rhizomes (105.87 and 79.71 kg ha-
l

, respectively) 

and was statistically comparable with T 4' Ir 9' T and 
8 <1' 6 ' 

but superior to rest of the treatments. In case of lops I 

maximum uptake of N was found in T 4 ~ closely followed by 

Rhizomes accounted for 66.72, 73.Hl, 

73.92, 74.45 and 75.29 per cent of total N removed .i n 

4.3.2.2 Phosphorus uptake 

The P uptake 
-1 (kg ha ) , 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 stage; while the 

tops accumulated p till tillering stage ilJld thereafter, 

there was a decline in the P accumulation. 

The P uptake was significantly influenced by fertiliser 

applications at rhizome initiation stage. It was found 

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

At rhizome initiation sto.ge, highest uptake of p in the 

Whole plant (3.66 kg 
-1 -1 ha --) and 111 the' 1(1):-> ( 'J ,- H k (.1 a . . 1 lid ) 

was found in treatment TID' Which was com[,Jarable with 

T4 and T3 • P removal by rhizomes was found to lH' equal .::tmoJ)q 



Table 4.14 Phosphorus uptake (kg ha-1 ) 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 0.44 1.67 2.11 2.28 2.65 4.93 3.61 2.34 5.95 

T2 0.73 1.96 2.69 3.77 3.05 6.82 7.49 2.84 · 10.33 

T3 1.00 2.54 3.54 4.80 4.05 8.85 8.62 3.66 12.28 

T4 1.08 2.57 3.65 5.10 4.41 9.51 9.67 3.98 13.65 

T5 0.72 2.01 2.73 3.44 3.07 6.51 5.21 2.81 8.02 

T6 0.91 2.25 3.16 4.34 3.81 8.15 8.57 3.40 11.97 

T7 0.76 2.22 2.98 4.26 3.67 7.93 6.36 3.31 9.67 

T8 0.92 2.32 3.24 4.71 4.06 8.77 9.12 3.68 12.80 

T9 0.97 2.32 3.29 4.31 3.75 8.06 8.92 3.50 12.42 

T10 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.t.at 5%0.09 0.22 0.20 0.40 0.48 0.67 1.22 0.35 1.32 

I..~ 
,1:1. 
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-1 which were at par with T3 and 
TID and T4 (1.08 kg ha ) , 

significantly superior to rest of the treatments. No 

significant differences in respect of p uptake by the 

whole plant were observed between treatments rr 9' T H~' '1' • 
b ' 

'I' '1'; and 'I' and 'I' • 1 L waa 1: UUIlU Uw LilLI L lie L It.'oJ LIIiV III ;j 
6' 7 5 2 

were superior to control in respect of P removal. Rhizomes 

removed higher quan,tities of P as compared to tops at 

tillering stage under all the treatment exc~f:Jting control 

('1\). As in rhizome initiation stage, '1' 
10 

removed hi <J II '. ' ~j l 

(9.60 kg ha- l ) amount of P ~ closely followed by '1' 
4 

in tht..! 

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 T10 , which was statistically at par with 

T4 and T3 and significantly higher than all other treatments. 

Lowest uptake of P was found in case of control (T
I

). 

At the harvest stage, TID was found to be best in 

respect of P uptake by whole plant (13.75 kg ha- l ) and 

-1 
rhizomes (9.81 kg ha ),which was comparable with '1'4 ...and 

T8 • The P removal by tops was found 

kg ha-
l

) in T4 ,closely followed by '1'10' 

to be highest (3.9~ 

'1' and 'I' rl'reatment 
~ 6· 

Tl registered the lowest uptake of P (2.34 kg ha- l ) 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 T 
l' 

T " 10' respect1ve1y at the harvest stage. 

and 
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4.3.2.3 Potassium uptake 

The K uptake through plant tops and rh i zornes, 

influenced by variou8 treatments, at d.i.tlerent 

t d . 'I' 1'1 4 Il 'I'llu LuLc..l1 of growth has been preaen e 1fl au e .:.J. ... 

K uptake by ginger plant at different stages of growth hc:.lti 

been illustrated graphically in Fig.Bo 

Tt is evidont from tho datil ('('dill (' ". I rj) I lid I I I I( • 

rhizomes continued to remove K from the soil till harv~-st 

~tdyO; while the LOpS rumoved K Ll'll lilh·l.illlJ tHl.lljc dlld 

d t t tn- W d r d I::l , the r ~ W d I::l d d c:J C 11 n t:l 1 n Ll w K (1<..: C U III U 1 d li U 1\ • 

However, the uptake of K by the whole plant increc..ltil;!d 

wi th the a~e of the plant. There was a signif icant increase 

in K uptake with the fertiliser application dl::l comp(Jn:d 

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 T 4' which was 

and No significant difference~ 

troatmonts '1' • 
7 ' 'I' " 

at 

, l' I' 
:.J 

par 

I II 

'1' 10 

III 

K uptake by the whole plant. The removal of K by rhizomes 

was lower under all the treatments studied compared as 

to tops. Highest uptake of K by rhizomes was recorded 

in treatment T lO (11.93 kg -1 ha ) , closely followed by 

treatments T. and Tgo Treatments T . 
4. H' T () , '1' 

3 
and T 

2 
did not 



Table 4~15 Potassiurr. uptake (kg ha-1 ) by diff~rent plant parts of ginger at different stages 
of growth 

Treatments STAGES 
Rhizome initiation Ti11ering: Harvest 

Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total 

Tl 5.94 15.17 21.11 27.40 25.13 52.53 46.16 21.15 67.31 

T2 9.53 17.34 26.87 40.78 30.27 71.05 83 .. 52 27.22 110.74 

T3 9.64 17.94 27.58 41.03 30.52 71.55 86.79 27.45 114.24 

T4 11.82 20.41 32.23 47.88 36.78 84.66 109.51 30.74 140.25 

T · 
5 8.37 17.25 25.62 36.56 29.90 66.46 66.69 24.99 91.68 

T6 9.97 17.91 27.88 42.73 33.17 75.90 94.06 26.17 120.23 

T7 8.42 17.74 26.16 39.94 30.95 ' 70.79 73.25 26.81 100.06 

T8 10.26 18.55 28.81 44.92 35.01 79.73 99.24 29.99 129.23 

T9 11.58 19.60 31.18 46.24 35.65 81.89 104.20 28.69 132.89 

TID 11.93 20.16 32.09 49.48 38.34 87.82 108.17 30.14 138.31 

S.Ed. [.457 0.452 0.552 1.840 1.274 1.874 6.610 , 0.948 6.827 

C.D.at 5% C.96 0.95 1.16 . 3.87 2.27 3.94 13.89 1.99 ,14.34 

r · 

U\ 
-...I 



diffor significantly with u"ch other. 

t T as found to accumulate high K (~7. ~2 Treatmen 10 w 

kg ha- l ), closely followed by T 4 and was significan~ly 

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 ~ops. Treatment T 10 accumulated high~Bt K 

(49.48 kg ha-1 ) and in the tops (38.34 kg 

in th~ rhizoml!B 

-1 
ha ) and was 

significantly superior to all the treatments except T4 

which was at par with TIO • No significant differences 

were observed between treatments T 4' T 9' T 8; T 9' T 8' 'I'6; 

'1' 6 ' T 7 ' T 3 ' , .• and'!' 
5 

in uuLh ulld 

at tillering stage. 

Treatment T4 registered highest uptake (140.25 kg ha- l ) 

of K by the total plant at harvest stage wh ich was found 

to be statistically similar with T
lO

' and while 

the treatment T 6 was comparable with T 9 and T 8' but wCt.S 

significantly lower tqan TIO and T 4 • 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 in treatment T4 (109.51 and 30.74 kg ha 

-1 
.' , 

respectively) I closely followed by '1'10' 'l'~ . and or ~. Untreated 

control (T l ) removed lo·...,est quantity of K 1n the ginger 

plant at all growth stages and a- 11 tt t t o ler rea ments were 

superior to T1 • Rhizomes accounted for 65.68, 75.42, 75.97, 

78.08, 78.21 per cent of total K removed Ct. t hdrvest stage 
in treatments Tl' T2 , T3' T4 and T . 1 lOr respectlve y. 

.I 
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4.3.2.4 Calcium uptaKe 

Data on the uptake of C<.l (k<J 
-1 

11..t ) by different 

plant parts, at different stages of growth, as influenced 

by various fertiliser treatments oj the :::;l.lIuy, <.l["1:.! ~ullundrit;l.!d 

in Table 4.16. The total Ca upt<.lke by lj.1n<jt.![" plant. at 

different stages of growth ha:::; (Jl~o lH.!l.! 11 illustrcJLl.!li 

diagrammatically in Fig.9. 

The data r~vc<.ll (l yr<iduul lIlCrL'<.l: ;' · 111 ('..t ..tCt'IUIII: 1 d l i urI 

in different plant parts commensurate wi ttl the adVanC(;inent 

in growth. The Ca ulJtake by tOPI:J, rh i ZOIllL'fj d lid lot i.J lUI <.l n l 

was significantly influenced by v~riou~ fertiliser treatments 

over the control at all stages ot growLtl. 'l'1l0 tOLJti relllovt!d 

a larger proportion of calcium as compared to rhizomes 

in all the treatments at all stages of growth. 

Highest Ca uptake (kg ha -1) by the pldnt as a whole 

and tops at rhizome initiation stage was recorded in 

treatment Tg (6.62, 5.88 kg -1 
hd I 

followed by T
4

, TS' TID and 'r 3 
and was 

to rest of the treatments. The Ca 

at rhizome initiation stage was Llgain 

in treatment T 9 (0.64 which 
I 

TID' T 4 , Te and statist~ically hiqlll" 

r. L' ~ pe c t i vel y) , c 1 0 ~ ely 

statistically superior 

remova.l by rhizomes 

tound to be mayimum 

c;omt>arable w.ith 

til d " r e ~it_ () f l 11 ~ 

treatments. Tl re~istered lOWL:~L .... cculIlul .... L1Ull 01 .l ll 

the total plant (4.12 kg 

rhizomes (0.30 kg ha- l ). 

-1 
ha ) , tops (3.82 kg ha- l ) and 



Table 4.16 Calcium ~?take (kg ha- 1 ) by different plant parts ofgi~;e= a~ ~ifferent stages of 
growth 

T!."eatments STAGES 
Rhizome initiation Tillering: Harvest 

Rhizcrr:es 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 7.55 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 5.96 15.42 21.38 

TS 0.60 5.62 6.22 3.44 12.66 16.10 7.99 16.60 24.59 

Tg 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.S7 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 )..678 1.646 1.089 1.831 2.24 

~ 
o 
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At tillering stage, recorded highest 

'accumulation (16 .S6 kg ha- l ) in the total plant and was 

at par with T 4' T 9 and T S. Ca uptake by the tops was found 

to he' m,",xJmum (lG.B7 kg ha- 1 ) in T
10l

Which waR. stlltistlcn11y 

similar to T 4 , T7 , TS ' T3 and T6~ but superior to other 

treatments. In case of rhizomes, T IO ' behaved statistically 

R.tml1nr to T 4 , T
B

, T
9

, T3 and T
2

, accounted for highrr 

removal of Ca (3.62 kg ha- l ) than T
6

, T7 and TS at tillering 

stage. 

Uptake of Ca by the total plant was found to bp 

maximum in TlO (25.6 kg -1 ha ), though statistically alike 

to T9 , T4 and TS and superior to all other treatments 

at the final harvest stage. In the tops also, TID removed 

si.gnificant1y more ell. (17.06 kg hll.- l ) thAn T
2

, T(i nn<l 

not differeOi from - T 4' TS' but WllS Rtlltietictl11y 

T3 and T 7 • Rhizomes at the final harvest stage accumulated 

more Ca under T 9 (a. 76 kg ha -1) , remaining at 'par with 

T IO ' T 4' Ta Clnd significantly higher than reAt of thr 

t~eatments studied. Unfertilised control 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 

Clt tii ffprf'"nt Rtnges of growth are given in Tablp. 4. l7 (,no 

, I 1'1 n' r n ,-,'d q r."t pili. cl'Ill yin Ii' ig . lO • 



~=jle 4.17 

Tr:atments 

T1 

T2 

T) 

T4 

T5 

T6 

T7 

T8 

T9 
T10 

S.Ed. 

C.).at 5% 

Magnesium uptake 
of growth 

(kg ha -l) :y different plant parts of ginger at different stages 

STAGES 
Rhizome initiation Tillering: Harvest 

Rhizomes Teps Total Rhizomes Tops Total Rhizomes Tops Total 

0.31 1.48 1.79 1.39 3.12 4.51 2.48 2.84 5.32 

0.57 1.92 2.49 2.41 4.00 6.41 4.88 3.78 8.66 

0.60 1.86 2.46 2.62 4.26 6.88 5.73 4.11 9.84 

0.62 2.05 2.67 2.79 4.63 7.42 6.67 4.50 11.17 

0.45 1.86 2.31 2.21 3.63 5.84 4.04 3.50 7.54 

0.61 2.27 2.88 2.88 4.84 7.72 6.74 4.48 11.22 

0.47 2.01 2.48 2.39 3.85 6.24 4.32 3.75 8.07 

0.55 2.00 2.55 2.58 4.35 6.93 5.96 4.07 10.0) 

0.71 2.47 3.18 3.08 5.00 8.08 7.28 4.87 12.15 

0.65 2.08 2.73 3.03 4.52 7.55 7.00 4.36 11.36 

0.037 0.144 0.137 0.181 0.293 0~350 0.573 0.249 0.625 

0.077 0.302 0.2B7 0.3BO 0.616 0.736 1.204 0.523 1.313 

0'\ . 
. ~ 
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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 increa~~d 

with the advancement of growth I whereas there was a drop 

in the Mg accumulation after ti11ering stage in the tops 

under all the treatments. Mg accumulation in the tops 

was more than that of rhizomes upto ti11ering stage and, 

thereafter, rhizomes accounted for more Mg accumulation 

than tops in all the treatments excepting Tle 

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 

,,11"10, '1'g thn\1qh Flt"t:l.Atlcnl1.y Aimil~r to To' Aiqni ri rnnt 1 y 

increased the Mg uptake as compared to all other tr~utm~nt_., 

Atnrli,..O. 'rcph,..i.nq RtntiAtically at par with T
10

, FlCCOllnt,..d 

for signifi.cantly higher removal of Mg than rest of treat-

ments in rhizomes at rhizome initiation stage. LoweRt 

removal of Mg in the ginger plant (rhizomes and tops) 

was found in treatment Tl,wher~ no fertiliser were applied. 

At ti11ering stage also, accumulated highest 

Mg in the tota 1 plant, rhi zornes and tops (8. 08, 3. 08, 

s.oo kg -1 ha , respectively), however, was statistically 

at par with T
6

, and but significantly superior 

to r~st of the treatmentB studied e LoweBt uptake of Mq 

was aga i.n recorded ir, unfertilised control in the tops, 

r h I z om (' R "n d tot., 1 pIa n t • 

:1imll"r p.1ttern regarding Mg accumulation at finnl 
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horV('At AtngQ by rhizomes, tops and total plant waR record('rl 

aR found at tillering stage. Total plant, rhizomeA arc.! 

tOpA obtained from plots treated with NPK + ZN + Mg + B + 

Mo (T g ), being at par with T lO ' T 4 , T6 I removed higheAt 

Mg,' whil(" unfertilised control (T
1

) being lowest. Rhizomr:-n 

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 T l' T 2' 

T
1

, T
4

, T q , To' and TIO ' respectively at final harvest 

stage. 

4.~. 2.6 Zinc uptake 

The 7.n uptake by different plant parts of differenl 

stages of growth as influenced by various treatments i~ 

presented in Table 4.18. Total zinc uptake by ginger plant. 

at, r-:;tages of growth has 

graphically in Fig.ll. 

An examination of the data (Table 4.18) reveil]!"; 

a : gradual increase in ,the Zn uptake by whole plant and 

rhi,7.omp wi.ththe advancement in growth stage as affectrrl 

by various treatments. Zn accumulation in the tops increased 

conR i At.f"nt 1 y upto tillE"ring stage in all the t r(",tmf"n t Po 

ano thpr("nfterJ no definite trend was followed in thf' 

fertiliser treatments under study. The Zn accumulation 

in th~ whole plant, tops and rhizomes was significant] y 

inflUenced with the application of fertilisers. 



Tab':'e 4.18 

Treatr:ents 

T1 

T2 

T3 

T4 

T5 
T 6 
T7 

T8 

T9 
T10 

S.Ed. 

C.D.at 5% 

Zinc uptake (g ha -1) by different plant parts of ginger at different stages of 
growth 

STAGES 
Rhizome initiation Ti1lering Harvest 

Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total 

3.62 12.09 15.71 14.58 23.41 37.99 26.24 21.10 47.34 

7.21 16.99 24.70 29.93 29.32 59.25 60.91 28.71 89.62 

,7.71 16.33 23.04 26.08 28.41 54.49 55.06 . 29.01 84.07 

8.03 18.48 26.51 33.16 33.55 66.71 74.17 33.07 107.24 

7.28 19.69 26.97 36.50 32.66 69.16 62.09 31.42 93.51 

7.40 18.42 25.82 33.55 33.15 66.70 69.05 33.78 102.83 

6.34 16.59 22.93 28.47 29.05 57.52 47.01 28.75 75.76 

6.38 17.99 24.37 32 .. 11 32.85 64.96 67.40 33.02 100.42 

10.56 22.24 32.80 40.27 40.66 80.93 89.35 41.68 131.03 

9.28 18.67 27.95 39.05 36.65 75.70 80.91 38.92 119.83 

0.572 1.168 1.255 3.187 1.732 4.497 7.398 2.951 7.530 
• 1.20 2.45 2.64 6.70 3.64 9.45 15.54 6.20 15.82 

~ 

i..' 
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A perusal of the data in the Table 4.18 rev(':dls 

that the tops removed a higher proport- i onnl r.n t tlc:ln tilt, 

rhl:l01llt38 at the rhizome initidlioll tjtdy~ " ill <..tIL "" Llll! 

treatments studied. Application of minor nutrient elerr.ents 

viz. Zn, B, Mo, Mg in combinatiun with NPK ( '1' ) " 9 d 

significant positive affect on the Zn uptake by the whole ·" 

plant, tops and rhizomes as compared to other fertili::;er " 

treatments at rhizome initiation stage. Ilowest accumulation 

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

in case of treatment and all other · treatments w~ce 

superior to it. 

Treatment T9 (IOol'i 

at par with TlD and superior to ret;t of Lilt:! treatmenLti) 

dc<.:ounted for the highetit removal ut l.n (~U. ~~ Y 
-I 

hd ) J II 

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

Zn than rhizomes except in case of treatments T 2' T6 and 

T IO at tillering stage. The Zn accumulation in the rhizomes 

of tillering stage was highest in T9 , closely followed 

by TlO and T • 
5 ' 

but Buperior to rest of the treatments 

studied. In case of tops also, treatment T9 significantly 

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

tops and rhizomes 'was observed in treatment Tl and all 

other fertiliser treatments were superior to it. 

At the harvest stage also, '1'9' l.J~haviny ~tdti::itic: .. ;dly 

similar to T10 ' accumulated highest Zn in th~ whole plant 

(131.03 g' ha-
1

) and tops (41.68 g ha- l ). Rhizomes recovered 
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from Tg removed maximum Zn, but was statistically at 

with T IO 
and Treatment accounted for lowest Zn 

rUlIIovCll by wholu ~lant, rhi ~om..,t:f dUU LU1:J1,j u L Lhu haL VL!U L 

stage and all the other fertiliser treatments rem0ved 

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 

~n romoval in caso of troatment u T l' '1'2' 'I' 
1 ' '1' I ' 

:J 
' \' 

I) 

and TIO ' 

4.3.2.7 Boron uptake 

The data pertaining to B uptake, by different pL.l.nt 

pat' lti, at difforunL ul:.aguM of lJrowLh, o..lU illllul:nt.:L!d 11'1 

various fertiliser treatments are summari::;ed in 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 tops reached maximum at tillering stage 

and then declined (Table . 4.19). Contrary to tops, B uptake 

by rhizomes and total plant continut!d to ~ncrease Ul:Jto 

harvest. The B distribution trend in difft!rent plant [.>c:.trt::; 

at rhizome initiation and tillering stage showed that 

tops accumulated higher proportion ul tola! .celllov"-!u 

than rhizomes. At the hc.rvest Htagp, n.!vL"-::; e trend Wu::; 

to1 Lowed in all the treatmt!nlt;. 

A peru::,al of the data revea is thd t h itjbe::; t uptake of 



Table 4.19 

Treatments 

Tl 

T2 

'" "'3 

T4 

T5 

T6 

T7 

T8 

T9 

TIC 

S.E::. 

C.:J.at 5~ 

Boron uptake (9 ha -1") by different plant parts of ginger at different stages of 
growth 

STAGES 
Rhizome initiation Ti11ering: Harvest 

Rhizomes Tops Total Rhizomes Tops Total Rhizomes Tops Total 

3.01 14.08 17.09 16.50 22.11 38.61 23.54 21.10 44.64 

5.00 16.82 21.82 25.08 26.46 51.54 45.10 25.86 70.96 

5.35 18.50 23.85 26.46 28.38 54.84 46.31 26.91 73.22 

5.87 18.43 24.30 31.01 32.54 63.55 53.69 30.47 84.16 

4.11 17.63 21.74 22.27 26.92 49.19 31.79 25.88 57.67 

4.99 17.45 22.44 25.90 32.03 57.93 49.68 30.17 79.85 

4.47 19.68 24.15 26.67 34.99 61.66 38.83 34.66 73.49 

5.13 18.99 24.12 27.08 33.86 60.94 50.88 31.28 82.16 

E.30 19.91 26.21 30.36 35.80 66.16 56.93 33.48 90.41 

E.03 18.52 24.55 30.24 36.15 66.39 56.90 35.78 92.7E 

0.427 1.732 0.898 2.400 1.280 1.730 5.143 2.319 6.218 

0.90 3.64 1.89 5.04 2.68 3.63 10.81 4.87 13.0E 

C'\ 
00 
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B (26.21 g ha- l ) at rhizome initiation stage by the tops, 

W~t1.l>~"-~ 
plot,s treated with minor rhizomes and whole plant J, in the 

elements V1Z. Zn, B, Mo, Mg in combination with NPK (T 9) ,su~n 

in case of whole plant and was at par with all treatments exce1?ting 
. ~ .~. ,. , .. 

unfertilised control (T
l

) in case of tops,9 in respect of 

B accumumulation. No significant differences 1n respect 

of B accumulation by rhizomes at rhizome initiation stage 

were observed between T9 , and all these treatments 

were significantly super10r 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 (T1 ) and other treatments were superior to T
1

. 

At tillering stage, T IO register ed highest uptake 

of B 1n the whole plant (66.39 g ha- l ) and tops, though 

being statistically at par with T9 and 1n the former 

and 1n the latter case and was superior to 

rest of the treatments. The rhizomes obtained from plots 

fertilised with NPK behaving staistically similar 

to T9 , T IO ' TS ' T 7 , T 3 , accumulated highest B (31.01 g ha- l ) 

as compared to T 6' T 2' T 5 and T 1. B remova I by whole plant, 

tops and rhizomes at tillering stage was found to be lowest 

1n and all the remaining treatments were statistically 

Superior to it. 

TIO ' remaining stat.:.istically alike with T 9' T
4

, 

TS and T
6

, accumulated significantly higher B (92.67 g -1 
ha ) 

in ginger plant at harvest stage than remaining treatments. 
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Lowest B uptake at harvest stage by the ginger plant was 

recorded in treatment Tl ~ which was statistically not 

different from TS. In case of tops, maximum removal of 

B was found to be in treatment '1\0 J which wao statistically 

l:Iimilar to '1'10' '1'7 ' '1' and '1'8 • Lowect U L ' l.:JIIUVd 1 in Llll: 
9 

tops was found in Tl~which was at par with 'I' and 'I'c: at 
2 J 

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

found to be highest in treatment (56.93 
-1 

T9 g ha ) ) which 

was statistically at par with '1'10' '1' 
4 ' 

'1' 
H' 

'1' 
6 

Tl accounted for lowest B removal by the rhizomes 

and 'I' ) . 
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.),0" 

Total Mo uptake at different stages of growth hy g1nger 

was also been depicted graphically in Fig.l). 

, ' An inquisition of the data revea 1 s a gradua 1 1ncrease 

1n the Mo uptake by rhizomes and whole plant with the 

advancement of growth stage. Whereas in tops, Mo 

dccumulation waH found to be IIh..1ximUIII LlL l.i 1 Lel'iny liL.HJ~ 

and afterwards .. there was a slight droE,> in Mo accumulation 

in all the treatments '.:tud1'ed. 'l't t' - I~ r 11. zometi dCC umu 1 cJ ted 

a higher proportion of Mo a f te·' l'tl i '10' III" . . L ' . 
... ... £. '- l II l . 1. d L 1. 0 n !;; L d ':J L' 

than the tops in all the f t'l' er 1 1S0r treatmentti titudied. 



Table 4.20 Molybdenum uptake (g ha -1) by different plant parts of ginger at different stages of 
growth 

Treatments STAGES 
Rhizome initiation Ti11ering Harvest 

Rhizomes Tops Total Rhizomes TOps Total Rhizomes Tops Total 

Tl 0.165 0.465 0.630 0.782 0.756 1.538 1.325 0.650 1.975 

'J''l 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 2.554 1.001 3.555 

T4 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 

T6 0.263 0.543 C.806 1.222 0.960 2.182 2.574 0.926 3.500 

T7 0.203 0.520 0.723 · 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 

To 0.385 0.638 1.023 1.522 1.191 2.713 3.443 1.161 4.604 
j 

TIO 0.299 0.579 C.878 1.459 1.151 2.610 ::.424 1.153 4.577 

S.Ed. 0.037 0.051 C.057 0.143 0.OE7 0.177 :.33t. 0.109 0.335 

C.t.at 5% 0.077 NS C.119 0.299 0.183 0.373 C.702 0.229 0.704 

...,J 

~ 



Treatment behaving statistically similar to 

." Ta' was found to be 

uptake by whole plant 

g ha- l ) at rhizome 

significantly best 1.n respect of Mo 

(1.023 g ha- 1 ) and rhizomes (0.1H5 

initiation stage. Lowest uptake of 

Mo by whole plant and rhizomes at rhizome ini tiation otc.HJc 

was recorded in T
l

, which was statictically par wi th 

'1' and T , and all other treatmentti were tiu[Jcr-ior to iL. 
5 7 

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 ini tiation stage 

was recorded in T9 and T
I

, respectively. 

At tillering stage, treatment statistically 

comparable with TS' T lO and T4 registered significantly 

higher Mo accumulation as compared to rCot of the trcaLllIL!nlc 

studied in the whole plant (2.713 g ha- l ) and tops (1.191 

-1 of rhizomes l: ill l.' 1- i n 9 9 ha ). In case at std(Jll, '1' bl'i Illj 
~ 

statistically at par with TS' T IO ' T 
4 ' T2 and 'r 3' remov e d 

Significantly higher amount of Mo than re~t of the 

treatments. Lowest 

was statistically 

and tops and with 

stage. 

At harvest 

Me in the whole 

9 ha- 1 ) and tops 

par with TID' ,T 8' 

removal of Mo was recorded in TI which 

at par with T 5' T7 in case of rhizomes 

T7 in case of whole plant at tillering 

stage also, T9 

(4.605 

removed higlll.'t;t amount of 

plant g 

(1.161 g -1 
ha ); 

T4 in case of 

-1 ha ), rhizomes (3.443 

though H t d t i H t i ca 1 1 Y dt 

former two and with r, 

• 10' 



,. 
"r 

in the latter case. 'l'rca tmcn l 'I' 
1 

accumulated lowest amount of Mo in rhizomes, tops and 

in the whole plant; however, statistically similar to 

'I' '1' in a 11 the three cases C:i t the · hCi rvut;; l t;; LdYC. ()u l 
5' 7 

of the total Mo removed by the whole plant, rhizomes 

contained 67.09 per cent, 73.64 per cent, 7l.A4 [J(.'(" cvnl:, 

75.33 per cent, 73.79 per cent, 74.78 per cent, 74.81 per 

cent of Mo accumulation in case of treatments T l' T 2' 

T
3

, T
4

, T8 , T9 , TlO at the end of the season. 

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 indictlll'U 

thdt 'r 9 (NPK+Zn+Mg+MO) behaving statistically Silllildl ' 

to TS ' T6 , T4 , T10 , T2,si9nificantly increased the available 

nitrogen (residual) status of soil over T
8

, 'f
7

, T
3

, '1'1' 

which were statistically comparable with each other, whi Ie 

the former three treatments being again statistically 

at. par with TlO ' T2 , T4 and T
6

• 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 per cent, 

13.67 per cent, 8.99 per cent incrcdt:ie 111 dV<ti 1 '-1b I L' N 
, 

stdtus of soil over contro~respectively. 



4.3.3.2 Available phosphorus 

An examination of the data in '.rable 4.21 reveals 

that the application of N (T~) tJnu NPt<+7.n ('r~) uiqnifh:..Hltly 

decreased the available P status of the soil as compared . 

and comparable with , '1'9' '1' 3 ' '1' 
7 

'1' • 
1 ' 

whi l.e all the former and lC'tter treatments were c·t par 

wi th each other. Application ' of NPK accompanied wi th Two 

('I' ) "I'I!lIl1lll oil 
10 

I lJ I 

available P in tre soil. The decrease in avai lable P of 

Hoil with application of NPK+Zn ('r ) 
5 

over 'I' l' ~nd 

T4 was 4.93 per cent, 1.07 per cent, 7.41 per cent, 12.86 

per cent, respectively. 

4.3.3.3 Available potassium 

Application of NPK statis '~ lea 11 y 

indistinguishable from TID' T
5

, T 9 , T7 and T 6 , significantly 

increased available potassium status of soi lover rest of 

the treatments. Lowest available potassium in soil was 

recorded in case of unfertilised control ('1'1)' which was 

statistic~lly at par with T
3

, and '1' 
6 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 of N, NP 

and NPK, respectively over control. 

4.3.3.4 Available calcium 

It is evident from the data in 'l'able 4.21 that the 

aVailable calcium status of soil a fter harvest was ira ::rcascd 



Table 4.21 Effect of various treatments on the available N, P, K, Ca, Mg, Zn, Band Mo in the 
surface soil (0-15 ern) after harvest 

Treatments Available Available Available 
nitrogen phosphorus potassium 

-1 (kg ha ) -1 (kg ha ) -1 (kg ha ) 

Tl 290.60 46.99 335.82 

T2 315.69 45.26 343 .• 95 

T3 305.24 48.10 339.30 

T4 317.78 50.54 361.38 

T5 327.19 44.78 359.06 

T6 323.01 49.68 349.76 

T7 306.28 47.46 353.25 

TS 30S.37 50.27 340.46 

To 330.33 48.57 355.57 
~ 

'T 10 316.73 50.52 360.22 

• S. Ed. 8.48 1.92 8.11 
C.D.at 5% 17.81 4.03 17.04 

Available Available 
calcium magnesium 

(ppm) (ppm) 

1027.00 643.80 

1085.50 638.70 

1079.00 636.50 

1072.50 602~60 

1033.50 629.90 

1001.00 669.40 

1007.50 655.50 

1001.00 649.60 

1027.00 653.80 

1059.50 614.40 

26.52 12.98 

55.72 27.27 

Available 
zinc 

(ppm) 

1.271 

1.480 

1.227 

1.347 

1.927 

1.313 

1.333 

1.433 

1.'93 

1.367 

0.061 

0.129 

Available 
Boron 

(ppm) 

1.123 

. 1.103 

1.133 

1.077 

1.007 

1.040 

1.263 

1.093 

1.207 

1.083 

0.054 

0.113 

Available 
Molybdenum 

(ppm) 

0.190 

0.208 

0.198 

0.246 

0.202 

0.211 

0.238 

0.289 

0.278 

0.244 

0.015 

0.032 

...,J 
V'I 



with the application of N (T 2) , closely followed by 'r 3 ' 

T
4

, TIO 
and TS which were at par with T1 and T9 • The 

availability of Ca was found to be lowest with the 

application of NPK+Mg (T 6) , being at par with T
7

, .TS' 

TlO ' T1. and TS ' the former one again at par with T iO • 

A~plication 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 a va! It.dJ 1 t! My H Ld LUH ul Lhe l:iO i 1 

as affected by various fertiliser treatments are presented 

in the Table 4.21. Application of NPK+Mg (T 6) accounted 

for the highest availability of Mg in the surface soil. 

Available Mg was found to be lowest with the application 

of NPK (T
4
), followed by T

IO
• No appreciable differences 

were observed among treatment T 7' T 9' T S' T l' T 2' 'f 3 and 

T 5' the former four being statistically at par with 'f 
{) 

and the latter three with TIO • With the dlJplication 01 

NPK+Mg (T 6)' an increase of 3.97 per cent, 4.80 per ceo t., 

5.17 per cent and 11.08 per cent in available Mg status 

4.3.3.6 Available zinc 

Application of zinc significantly increased the 

available zinc status of the sOl'l (Table 4 21) T t t . • rea men 

TS (NPK+Zn) accounted for the max·imum available zinc in the 



Boil and was superior to the rest of the treatments. 

Treatment T9 was also superior to all the treatments except 

TS. Lowest availability of zinc in the soil was observed 

wi th the application of NP (T 3)' closely followed by T I' 

'1'6' T7 and T 4. A decrease of 3.61 per cent over control 

was observed with the application of NP in the available 

Zn status of the soil. T5 accounted for 43.06 per cent 

increase in zn status of soil as compared to T 4 . 

4.3.3.7 Available Boron 

A reference to the data in Table 4.21 indiciJl('!j 

that the application of B in combination of NPK ('['7) , 

followed by T 9 , significantly increased the boron statu::> 

of the soil as compared to all other treatments. This 

increase was 17.27 per cent, 21.47 per cent, 14.51 per 

cent of 11.0S per cent over T
4

, T 3 , T2 and T
1

, respectively. 

Application of NPK+Zn (T
S
)' though at par with T

6
, T

4
, 

TID' TS' T2 , accounted for lowest availability of Zn in 

surface soil at harvest time. 

4.3.3.8 Available Molybdenum 

Treatment T8 (NPK+MO), while remaining at par with 

'1'9 ,accounted for significantly higher- aVdili.llJility of 

Mo in soil than rest of t.:.he treatments ('l'dble 4.21) • All 

increase of 17.48 per cen~, 45.96 per cent, 38.94 per 

cent, 52.1 per cent, 3.95 per cent was observed 1.n the 

available Mo with the application of NPK+Mo over 

T · )' T 2 , T1 and T9 , respectively. Lowest avai labi] ity of Mo 



was recorded in unfertilised control ('1\), closely follo'ded 

by 'f3 , T 5 , T 2 , T 6 • No significant eJitferl!nCCHi wure ()btiprv( .~cI 

among treatments T 4' 

at par with T6 and T
2

• 

and the latter 

4.4 CORRELATION STUDIES AND ECONOMIC ANALYSIS 

4.4.1 Correlation studies 

one again 

The yield of a crop is 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 effect produced by a 

treatment on the ultimate yield. Accordingly, .the correlation 

studies were carried out among th~ following chdracters. 

1) 

2) 

3 ) 

4) 

5) 

6 ) 

7 ) 

8) 

Pseudo-stem length (em) 

Number of tillers plant-1 

Number of leaves plant- l 

Leaf area (cm2 ) 

Rhizome length (cm) 

Rhizome breadth (cm) 

Yield plant- l (9) 

Yield ha-1 (q) 

Simple correlations between all possible combinations 

of the eight characters listed above were w()rked out dnd 

the same are presented in Table 4.22. 

The correlation eoefficicnl'~ (r) bclwccn LhizOlllC 

yield ha-1 (q) and various growth and yield contributing 

characters viz. yield plant-1 (9), pseudo-stem length (em), 

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



Table 4.22 Correlation coefficients 

Rhizome yield ha-1 

-1 Yield plant 

Ps€udo stem length 

Leaf area 

Number of tillers 

-1 plant 

Number of leaves 
-1 

plant 

Rhizome length 

Rhizome b=:-eacth . 

Rhizome Yield_ l 
yield plant 

ha -1 

0.98** 

Pseudo-
stem 
length 

0.89** 

0.82** 

Leaf Number of Number of Rhizome 
area tillers leaves length 

plant -1 plant -1 

0.87** 0.99*n* 0.97** 0.94** 

0.83** 0.98*.* 0.99** 0.89** 

0.85** 0.91** 0.78** 0.97** 

0.85** 0.80** 0.91** 

0.95** 0.94** 

0.86** 

** Significant at 1 per cent level of significance 

Rhizome 
breadth 

0.92** 

0.89** 

0.89** 

0.87** 

0.89** 

0.87** 

0.89** 

...,J 
\C 



length and rhizome breadth were found to be 0.98, 0.H9, O.qq, 

0.97, 0.87, 0.94 and 0.92, respectively which were highly 

-1 . 
td(Jnifioant. Similarly, yield plcsnt wet!;; h.iyhly curreluLL!u 

-1 
with pseudo-stem length (r=0.82), number of tillers plant, 

-1 (r=0.98), number of leaves plant (r==0.99), rhizome length 

(r-O.H9) 

-1 
plant , 

and rhizome 

number of 

breadth (r-D. 89) • 

-1 
leaves plant , 

Number of l i·1 Il'l :i 

leaf area, 

length, rhi~ome breadth and pseudo-stern length were also 

highly correlated with each other. 

4.4.2 Economic analysis 

Gross and net income (RS ha- 1 ), as affected by variou::i 

treatments of this study are given in 'rabl~ 4.23, dcpicll'd 

graphically in Fig.l4 and their corresponding analysis 

of vlJriance have i?een given in Appendix-C. 'l'hc.! dc.·1 dill; 

of cost of cultlvation under each treatment have been 

givon in Appendix-G. 

Highest gross and net incomes were obtained with 

the application of Jagromin in combination wi th NPK (T 10) , 

though being at par with T 4 and T 9. Lowest gross l.ncome 

was observed in case of control (T1 ), which was statistically 

comparable with TS. As expected, the lowest net income 

was recorded in centrol (T
I

) 1 which W~::i ::ildl h;tically at 

par witp TS and T 7 • No significant differences were observed 

between treatments T 3' T 8' T 6 and 'I' 2" '1' l-Cd tmen t was 

found to be statistically at pa 'th 'I' r Wl 4 d lid '1' 3 , in wh i eh 



'l'ablc 4.23 Gross and net income (Rs ha -1) as affcr.ted 
by various treatments 

'l'ccdtm~nts Gross income Net income NuL rcturn!j LH ' r' 

(Rs ha- 1 ) (Rs ha- 1 ) He investmcnt 

'1' 
1 34986.11 2706.69 1.OH 

T2 54026.11 20587.19 1.61 

'I' 
3 

569UG.ll :L303U.!Jl 1.IJB 

T4 6.4472.21 30409.76 1.89 

T 5 39493.07 5317.18 1.16 

T6 54923.61 20675.06 1.61 

T7 42395.33 8127.13 1.24 

'1' 
8 56374.99 21328.72 1.61 

'1' 
') 63937.50 28535.45 1.81 

'1' 
10 66763.90 3224U.54 l.~~ 

s. ~:d. 3340.50 3354.30 

C.D.dt 5% 7018.39 7047.38 

I ' 

; 

" 

,. 
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H2 

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 TIO ( I • 95 ), f 011 owed by 'r 4 
(1.89) and 

T (1.81). Lowest net returns per Re investment were recorded 
9 

in case of control (T
I

). 
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5. DISCUSSION 

The results obtained from the present 

entitled "Nutritional studies on investigation 

(Zingiber officinale Rose. ) II , conducted during 

field 

ginger 

Kharif, 

1989 to at&ess the effects of NPK with micro-elements 

(Zn, B, Mo and Mg) on the growth (pseudo-stem 1 ength (cm), 

number of tillers per plant, number of leaves per plant, 

leaf area 
2 (em), development (dry matter accumulat ion), 

yluld contributing llttributo~ (rhi.:tomo IUII'JLh, r1dzollll.l 

breaath and yield plant -1), yield and quality (oleoresin, 

oil and crude fibre contents) of ginger in addition to 

its effect on the soil chemical properties have been 

descr ihed in the preceding chapter. An a ttempt has been 

made in this chapter to interpret the important observations 

recorded during this study on sc.ientll1c lhltiit> to el;;tabli8h 

cause and effect relationship in the 1 ight of avai lable 

evidences. The photographs of the ginger crop treatment 

wise are shown in plates I to IV. 

5.1 Effect of treatments on crop growth and yield 

The rhizome yield of ginger cr'op bL!illtj Lhe resultant 

of the rate ana" durat ~or. of I ' I . I k . • " r I I ZOllll' uU . I nlj IS reldted 

primarily to the time of rhizome.' ill ili.1I i.wl oIlld persistence 

of tope (foliage). Each IIldnl1gemc..'111 l-JI .IL'l i Ct' i III IUl'llCCI::I Y i l,t d 

by relative effect of all treatments usually explain yield 

differences detected in field trials. 



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

General View 
RATE 

J 



The application of NPK @ 100:50:50 kg 
-1 

ha 

84 

fo]~owed 

f . 99 (T
lO

) produced the highest by two sprays 0 Jagrom~n-

ginger rhizome yield than rest of the treatments excepting 

T4 and T9 with which it was at par (Table 4.2). Jagromin 

containing various micro-nutrient elements in chela ted 

form (providing maximum absorption) along with the rna jor 

NPK nutrients (T
IO

) resulted in higher pseudo-stem length, 

-1 -1 
number of leaves plant , 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 uptakes of 

N, P, Ca and B (Tables 4.13,4.14, 4.16, 4.19). Wallace and 

Wallace (1983) and Alexander and Schroed~c (lY~7) dl~o 

reported the beneficial effects of the dpplicati:.n ot 

micro-nutrients through chelated form because of tneir 

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 Vdl..iUU~ 

treatments TIO (NPK+Jagromin) produced highest dry matter 

through tops and rhizomes at till cring and hdrvcHt stcHJ(.'t.:), 

however, remaining at par with T9 and '1'4 in CdSC of for-mer 

stage and with T9 , T4 and TS in the latter stage (Table ~.3). 

Better promotion of t.he growth factors of 
g~nger plant 

in these treatments (T
10

' T4 and Tg) favourably reflcct~d 
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in the plant photosynthetic surface v~z. pseudo-stem length, 

-1 
number of tillers plant , number of leaves plant A 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 under the similar conditions of 

Himachal Pradesh, also reported that the appl ication of 

NPK @ 150:60:40 kg 
-1 

ha increased plant height, number 

of leaves plant-1 and yield ha- 1 • 

The rhizome yield in ginger is a function of rhizome 

6 1. ~e (length and breadth) 

rhizome length and yield 

-1 
and yield plant • 'l'h0 IIIdXillllllll 

plant-
l 

were recorded in TID' 

followed by T 4 and T 9 which . we~e at par with each ot~.er. 

Whereas, maximum rhizome breadth was found in T 4 followed 

by T
9

, T
lO 

and Ta" The differences in the related treatments 

were, however, non-significant). Thus, the superiority 

of these treatments (T10 ' T 4 and T 9) over rest of the 

treatments was reflected in the final rhizome yield due 

to cumulative effects of better nutrition on the yield 

contributing characters. These results are ~n 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. Zn, Mg, B and Mo (T
9

) over n~st (,f the 

treatments (Table 4.1) • It was found thul under the 



conditions of this investigation ginger rhizume yield 

per unit area -1 (q ha ) was also found to be po::;itively 

correlated with pseudo-stem len(Jth (r · O.H'J), n uutl.)e r ell 

-1 -I tillers plant . (r=:O.99), number 01 lCc.1vL:ti ~LoIIL (.r:-O.~ '/), 

leaf area (r=O. 87), rhizome length (r::;::;O. 94) and .chizome 

breadth (r=O.92), respectively, which were highly 

significant. The correlation coefficients among different 

parameters 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 H or Mo 

with NPK through soil, however, significantly decred~C~ 

leaf area, rhizome length and rhizome yield 
-1 ha over 

NPK "'tJ~lication alone (Tables 4.1 Clnd 4.2). 1 L IIhly I,.. 

due to poor growth as evident from the dry matter yi.:~ld 

through tops and rhizomes at rhizome initiation stage 

(Table 4.3) • The yield 
-1 

plant was also significantly 

decreased with the application of Zn or B with NPK. Hhizolll(~ 

length, number of leaves 

and number of tillers 

per plant, pseudo-stem length 

-1 
plant significantly decred~cd 

wi th the application of every minor element 1n combina t ion 

with NPK. Various workers like Sreedharan and George (l9L~), 

Dang et al. (1990) and Roberts and Rhee (1990) have reported 

reduction in yield of crops like paddy, onion and poL.J to 

due to application of micro-nutr ients through the i r 11 i <JII, ' " 

concentration/accumulation and interference with U LilLO L 

elements in the plant metabolism and toxicity. 
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5.2 Ginger quality and disease incidence 

The quality of ginger is decided by hi<Jh 01con:H11I 

and oil and low crude fibre content and disease free 

rhizomes. The ginger oil content was not significantly 

dltccted by various treatments. However, '1' 6 

, 
(NPK·tMc;J) CJ II d 'I' 

~ 

(NPK+Zn+Mg+B+Mo) produced rhizomes with highest oi 1 content. 

Nitrogen application (T2 ) lowered the oil content as compdced 

to control (T
1

) (Table 4.4). Sara swat (1972) also reported 

that the ginger oil content was adversely affected by 

N applications. Application of B, Mg or Zn with NPK ('1'7' 

'1' ur '{') significt:lntly incrcl:Itiud Ute ().1l!()(·etJin conlt'llt 
6 5 

as compared to NPK (T 4 >. Application of Mo (T
8

) also 

i ncrcased the oleoresin content as comparen to NPK ('1'4) , 

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

improved the oleoresin and oil contents of ginger rhizdme~ 

('1'able 4.4). The crude fibre content wao found to be higheot 

in the rhizomes obtained from plots treated with N (T 2) , 

closely followed by Tl , T 4 , TID' T8 , 

4.4). Neopaney (1988> reported highest. 

T3 and T5 (Table 

crude fibre content 

in ginger rhizomes when 100 kg N was applied in combination 

. -1 
with 40 kg P20S and 20 kg K20 ha • 

None of the' treatmtJnts could t;liynific(Jlll:ly influl.'llce 

the incidence of rhizome rot. However, it ranged from 

t4.06 to 26.03 per cent in general. 

5.3 Nutrient content and uptake 

The concentrations of N, P, K, Zn and Mo both in ginger 



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 in tops and rhizomes, 13 in 

rhizomes and Mg content in tops increased upto tiller ing 

::itage and, thereafter, a decline was observed. 'l'h~ ul tiwu Lt..: 

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.,19781 Sharma and Verma,1988). Tops in general, 

contained higher N, P, K, Ca, Mg, Zn, Band 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 increased the N content in tops dnd rhi~01\\'-!ti 

as compared to NPK at all stages of growth, though the 

increase was not significant in most cases. The resul ts 

ure in line with Mondy and Munshi (1988), Klein ct al. (1 ')B2) 

in case of potato and Medhi (1987) in cauliflower. It 

was found that the B application in combination with NPK 

(T 7) reduced the N content as compared to NPK (T 4)' With 

the application of B, the N content in cauliflower was 

found to decrease (Randhawa and Bhail,l976). When znS0
4 

was 

incorporated as a fertiliser to the soil as in treatments 

TS (NPK+Zn) and (NPK+Zn+B+Mg+MO), it significantly 

decreased the P content in tops and rhizomes at tillering 

H l~yu as compared to NPK (T 4 ). Zn application also mar~in,Jl ly 

decreased the P content in the tops and rhizomes at other 

(J rowt.h stages 801 so. '{'he P content was found · to tw h.i <Jh"tj tIn 

I I 
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NP administered plots (T 3 ). The K content was significantly 

intluenced by the various treatments in the t.ol:J1:) at til1~rlllY 

stage and in rhizomes at rhizome initiation and harvest 

stages. K content in tops was found to be highest ~n NPK + 

Jagromin (T10 )' closely followed by NPK+Zn (T
S
)' NPK+B 

('1'7) dnd NPK (T 4 ) at tilluring tllt1<:Ju. '1'5 (NIJKIZII) (H':~UUllt,"~ d 

for highest content of K in rhizomes at rhizome initiation 

and harvest stages. Application of Mg in combination wi th 

NPK (T 6) decreased the K content as compared to NPK (T 4) , 

which may be probably due to the antagonistic effects 

between K and Mg as reported by Smith(1962). 'l'he Ca content 

was significantly influenced by various treatments at 

all stages of growth except at tillering stage ~n the 

tops. It was found that the application of B in conjunction 

with NPK (T7 ) £!roduced tOl:J~ C111LJ t· II.l~lJlllt.:U wiLh IllyJ1C.!uL 

Ca content. It may be due to the primary role played by 

Bin UlU Ca mebloo1iam (Yawalkarct ul.,l'HH). I\Vldic.lIlllll 

of My .in combination with NPK (T
6

) aigniflcullll y inCrU~Hll.'d 

the Mg co=ntent in tops at rhizome initiation and tillering 

stage as compared to NPK. Merchand and Schenk (1985) reported 

an increase in Mg concentration with the soi 1 application 

of Mg. Incorporation of Zn to the soil, as ~n treatments 

T5 (NPK+Zn) and T9 (NPK+Zn+B+Mg+MO) s~gnific(.tntly incrased 

the Zn content in both tops and rhizomes at all stages 

of growth when compared with T4 (NPK). Gupta and Potallia 

(1<JH7) roported that the Zn COnC('lllrat-i<HI In /Jt'dnut tiHnU(' 
~. 

increased with its application. of in 
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combination with NPK (T7 > significantly affected the B 

content in tops at all stages of growth when compared 

to other treatments, but could not significantly affect 

the B content in the rhizomes. Hobert!;; und Hhe~ (19')0) 

reported that 2.2 kg B 
-1 

ha applied broadcast or side 

placed in band signif icantly increased the B conccntra t ion 

in both . vines and tubers of potato. None of the treatment~ 

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 8 (NPK+Mo) and T 9 

(NPK+zn+B+Mg+MO). 

Nutrient uptake is a product of dry matter yield 

and concentration of particular nutrient elemn ent in 

question. Hence, it is dependent on both dry matter yield 

and nutrient content. Treatment Tg (NPK+Zn+Mg+Mo+B) resulted 

in highest removal of N, Ca, Mg, Zn, Band Mo a t the rhi r~Qme 

ini tiation stage through ginger plant (tops + rh izomes). 'rhe 

Mg, Zn and Mo removals through ginger plant (tops and 

rhizomes) were found highest in the same treatment i. e. , 

Tg at all stages of growth. The P accumulation throughout 

the growth period and N accumulation after rhizome initiation 

stage were highest in treatment T
IO 

(NPK+Jagromin) which 

may be due to the highest dry mat ter production. Higlle~t 

K accumulation in the ginger plant was recorded ~n trco;lLlIIt:IlL 

'1'4 (NPK) at rhizome initiation and harvl!~l st..J'-J~·. It In..JY Le 

due to the highest K content in the rh i zornes 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, Nand NP, 

rctJpuctively. Similar results were obtoJined by KriBhnd[>pd 

and Gowda (1988), Krishnappa(19BB) and Sharma et al.(l978). 

5.4 Soil chemical studies 

Application of N, P, K, Mg, Zn, Band Mo in various 

treatment combinations increased their respective avail~­

bilities in the soil after the crop harvest ('l'able 4.21), 

which may be due to the additional supply of nutrients 

to the soil. Subba Rao and Ghosh (1981) also reported 

that the addition of Zn improved its availability by 128 per 

cent. Application of minor elements viz. Zn, Mg, Band 

Mo along with NPK (T
9

) increased the available N status 

u1: th~ !toil after the h4rve~t uJ lhu Cl.·u~. J II(,:ul:~or\J L lUll 

of Zn (TS) decreased available p content of the soi 1, 

which may be due to antagonistic effects between Zn and P. 

Katyal and Rattan(1990} also reported that. there is wio \-~ly 

known antagonism between phosphorus and zinc and phosphorus 

dnd iron in soilti cand hind~rti ~n drHJ . lo'e . ULJL<.tKC. l'luLt! 

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 prof i tabi 1 i ty 

under the conditions of present investigation indicated 

that the maximum gross and net incomes and net returns 

per rupee invested were obtained 

of NPK+Jagromin (T10 ). However, no 

with the 

significant 

application 

differeI1=es 

w~r~ observed between treatment T10 ' '1'4 dnd '1'9 1n rt;:JtJL~cL 

of gross and net incomes (Table 4.23 and Fig.l4). 



SUMMARY 



6. SUMMAltY ANI) CONCLU!:; I ON 

The study entitled "Nutritional studies on g1nger 

(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 Handomizcd Block 

Design with three replications. There were ten treatments, 

-1 ha N:P @ 100 namely, control (T
I

), N @ 100 kg 

.-1 kg N : 50 kg P
2

0
5 

ha (T
3

), N:P:K @ 100 kg N:50 kg P
2

0 S : 

-1 50 kg K20 ha. (T 4 ), N:P:K+Zn @ lOO:50:S0+Znso4 
-1 

10 kg ha ('1'0)' 

-1 20 kg ha 

N:P:K+B t' (T 5 ), N:P:K+Mg @ 100:50:50+MgS04 
-1 

100:50:50+Borex 10 kg ha (T7 ), N:P:K+Mo 100:50:50+ 

ammonium molybdate 1 kg ha- l 

100:50:50+znS04 

molybdate 1 kg 

20 kg+MgS0
4 

ha -1 (Tg) 

10 

and 

(Ta), N:p:K+Zn+Mg+B+MO @ 

kg+Borax 10 kg+ Ammonium 

N:P:K+2 foliar sprays of 

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

Full dose of P, K and Zn, S, Mg and Mo and ~ N WJ::i 

-1 
applied at the time of sowing and FYM @ 30 t ha was applied 

in each plot. Remaining dose of N was applied in two sp'. i tl:) 

viz., ~ at rhizome initiation stage and ~ at tillering 

stage. The 9roP season was normal for the growth of ginger 

crop. 

Observations on grow'ch and development of ginger 

plants (pseudo-stem length, number of tillers -1 plant , 

number of ·leaves plant-I, leaf area and dry matter 

accumulation in tops and rhizomes at three stages viz. 



rhizome initiation, tillering and harvest 8tage), yield 

attributes, content and uptake of N, p, K, Ca, Mg, :In, 

Band 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 

al;J follows: 

6.1 Effect on growth and yield of ginger 

1. Highest pseudo-stem length (em) , numuer of ti lleI"~ 

plant -1, number of leaves plant -1 and rhizome length 

2. 

(em) were found in treatmont '1'10 (NPKLJ.J') nmd n) • 

Leaf area 
2 (cm ) was significantly 

the treatment Tg (NPK+Zn+B+Mg+Mo). 

influenced by 

3. Maximum rhizome breadth (em) was recorded in treatment 

4. 
-1 -1 

Rhizome yield plant (g) and rhizome yield (q ha ) 

were recorded highest in treatment TIO (NPK+Jagromin). 

5. Soil application of minor elements vi z., Zn or Mg or 

B or Mo with NPK or rl' 
6 or 

the growth and yield of ginger. 

'I' 
7 

or 'I' ) 
8 

deereatied 

6. Different growth and yield lraitti V.1~., titem lenyth 

( cm), n umbe r 0 f till e r s -1 plant , number of leaves 

plant-I, leaf area (em2 ), rhizome length (em), rhizome 
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breadth (cm), yield plant-1 and rhizome yield (q ha -1) 

were found positively correlated with each other. 

Dry matter accumulation (kg ha -1) by tops was highe~t 

in treatment T lO at tillering and harvest stages. 

Treatment T 4 produced higher dry matter yield through 

tops at rhizome initiation stage. T 10 accounted ' 

for the highest dry matter production through rhizomes 

at all the three stages of growth studied V1Z., 

rhizome initiation stage, tillering stage and harvest 

stage. 

tJ.2 t:ffect on quality and incidence of rhi~o"lC coL 

1. Oil content in ginger was not significantly influenced 

by various treatments. 

2 • 

3. 

K applications improved the oleoresin content of 

ginger. Incorporation of B or Mg or Zn ' to the soil 

with NPK (T
7 

or T6 or TS) significantly increased 

oleoresin content as compared to NPK (T 4 ). 

Crude fibre content was found to be 

treatment T2 (N). 

highest in 

4. None of the treatments could significantly affvc..:t 

the incidence of rhizome rot g .inger. However, it was 

minimum in Cdf:le of treatment '1'5 (NPK+~n). 
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6.3 Plant and soil chemical studies 

6.3.1 Nutrient content in ginger 

1. N, P, K, Zn and Mo content both in tOLJo .... rld rhi:lom~t:;, 

B content in tops and Mg content 1n rhizomes I 1n 

general I decreased with the advancement of growth; 

whereas I the Ca content both in tops and rhi zornes, Ij 

content in rhi~ome8 and Mg content in . Lopu 111(;1l'.1:;\·11 

upto tillering stage and aftcrwurd .... decline W~JU 

observed. 

2. 

3. 

Application of Mo or Zn or Mg with NPK (T 
H 

or T5 or 'I' (j ) 

J.ncruQ~ud N l..:uIILuul:. , while u .:l L.J 1J II c o.:a L 1 un wiLh Nl'K ( 'I' 'I ) 

decreased it in both tops and rhizomes at all stages 

of '1rowth as compared to NPK (T 4) • 

Highest P content was found in '1' 
3 

in both toP!;;) .... nd 

rhizomes and it decreased with the application ot 6n 

at all stages of growth. 

4. K content in the tops at rhizome initiation and ha~v~tit 

stages and in rhizomes at tillering stage was not 

significantly affected by various treatments. It was 

ot.Hierved to be highest ill trcdllllcnl 

of tops at tillering and in tre~tmcnt 

'I' 

'1' 
'j 

1U 

1.n 

111 l' I:"; l' 

C<'H;L! u 1 

rhizomes at rhizome initiation and 11drvc~L !;;)t~9cs. 

5. Ca content 1 n tops and rh~ zOllles Wd ~ ~; i 9 n if ic.J 

lIlLlu~llc~d Ly VClL.1UUtl lLCdlllll,uL::i ul d I I 

growth except in the plant tops of tillering stage. 
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Treatment T7 (NPK+B) produced rhizomes with highest 

Ca content. 

6. Treatment T 6 (NPK+Mg) signif icantly influenced the MlJ 

content in tops at rhizome initiation dud ll11t.!rill~J 

6 tages and in rhi zornes at hdrvest stclyc when CUIIILJu t ' l.'d 

with T4 (NPK). 

7. Application of Zn as in treatments and 

significantly increased the Zn content in rhizomes and 

tops at all stages of growth. 

8. Incorporation of B to soil with NPK (T 7 ) significantly 

increased its content in the tops a tall s tagE:!o of 

growth. 

9. None of the treatments could significantly affect the 

Mo content in tops and rhizomes at d 11 otu(jL":-3 (J! 

growth. 

6.3.2 Nutrient uptake by ginger 

1. Application of NPK+Zn+B+Mo (Tg) resulted in highe~t 

removal of N, Ca, Mg, Zn, B and Mo at rhizume 

initiation stage through whole ginger' p1Llnt (tcp~ ~nd 

rhizomes). K accumulation in tops and whole plant w<.i~ 

recorded to be highest in case of tre'-ltlllcnt '" 4 
~td(J~ ; , 

while TIO accounted 

K in the rhizomes ...... , ': 

for higheot 0..1 (" ( • llllllJ I d lip II .11 

. : .,. ' 
,. 1 _ , to \ ~ ~ ...... " 

-. - ~ .. 

jJ accumulation In tops 0111(1 
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rhizomes was highest 1.n 

2. N, P, K and Cu accumulotion by lop~ oIl1d rhizolllCs, B 

3. 

accumulation by tU{Jl::;; dud, LIIt .. !!"L:lJY, wlllJiL: 1:Jl<..1lll 

found to be highest in T]{) at tiller-iny ~t.:.t<Jc. 

accumulated highest B in the rhizomes u t the 

stage. Remova Is of Mg, Zn and Mo through tops 

WCIL: 

'I' 
4 

Sallie 

and 

rhizomes and thereby, whole plant were highest 1n case 

of treatment Tg " 

Band Ca accumulation ~n top::;, N i:lcculI\ulation in 

rhizomes and P accumulation both 1n tops and rhizomes 

were found to be maximum 1. fl case ul t [ed tlllen t '1\ () 
at harvest stage. T4 accounted for highest removal 

of K (tops and rhizomes) and N throu<]h top: ; . Mg, 7.n .I11e! 

Mo uptake by tops and rhizolll<"~s and Ca , .. Hid H u(Jtak~ by 

rhizomes wcn.~ . hj<JtwBt in (""I:." III I I ( ... I I II" . I I I 'I' . II , ) I IiI' 

harvest stoge. 

6.3.3 Soil chemical studies 

1. 

2. 

Available N status .(kg ha-
l

) of tile soil after 

harvesting of ginger was found to be hiyhest 1n CCise 

of treatment T 9 (NPK+Zn+Mg+B+MO); whereCts, 

for the 

'1' 
10 

(NPK+ 

Jagromin) accounted 

content (kg ha -1) of the soil after ttl ... · ". harves t i ng 

of ginger. 

Application of NPK (T 4 ) 

status of the soil after hill Vt'~;t inq 01 '1ill'J,·r. 
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3. Available Ca content (ppm) ot the I:)oil u[tt!r hurve~tiny 

of ginger was observed to be highest in treatment 

4. Application of Mg in combination with NPK 

significantly improved the available Mg content 

of the soil after harvesting of ginger. 

5. Available Zn, Band Mo content!:; (ppm) of the !:;oi1 ""ttt.!r 

harvesting of ginger were significantly influenced 

with their respective applications to the soil as in 

6.4 Economic analysis 

Highest gross and net income of 

32240.54 -1 ha , r .espectively was obtaint!d 

Rs.66763.90 and 

in '1' 10' 'l'h~ rlt!t 

returns per rupee investment were also highest in treatment 

CONCLUSION 

-1 Soil application of NPK @ 100:50:50 kg ha accompanied 

with two foliar sprays (0.7% in each spray) of Jagromin-99 

was the best treatment for getting higher yields of good 

quali tyginger. Since the results are based on one year 

experimentation, thus further testing is necessary. 

I· 
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APPENDIX-A 

MI-:AN WI':EKLY METEOROLOGICAL DATA 01-' THE VEGETAULE 1< ES 1.';/\ I-<C I J 

~'l'A'l'ION, SOLAN FOR THE YEAR 1989 

ending ~tan(fard Week TemEeratur~(O£l Mean -ii'ata 1--- --

week Maximum Minimum Relative Hainfa 11 
Humidity (mm) 

( % ) 

19 13 May 29.86 13.86 46.36 

20 20 May 33.86 17.14 4fL 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.GO 

25 24 June 28.00 16.71 78.64 3.40 

26 1 July 29.29 19.43 78.43 3.20 

27 B July 29.57 17.00 69.50 

2H 15 July 32.29 19.43 70.YJ 32.40 

29 22 July 29.57 18.14 76.46 6.20 

10 29 I.Tuly 26.14 7.0.14 79.16 124.6!"'J 

31 5 1\ugust 23.14 16.79 90.21 95.HO 

32 12 August 2B.14 lR.28 84.07 2.40 

11 l7 ' August 25.43 1R.43 90.1(, 19.00 

34 26 August 26.29 IH.OO 92.00 1~2.00 

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 

3B 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 67.3() 
4) 28 October 23.43 tJ.S7 76.71 
44 4 November 20.29 R.R6 73.57 
45 11 November 19.57 () . 07 73.811 3.60 

46 18 Novemher 20.29 7.21 67. 4 -j 

-.. ---------



APPENDIX-B 

ANALYSIS OF VARIANCE FOR DIFFERE~T OBSERVATIOKS UNDER STUDY IN GINGER (~ingiber 
offieinale Rose.) 

~ 

Degree of freedom 

OBSERVATIONS 

GROWTH PARAMETERS 

f~ Stem length (ern) 
Number of tillers per plant 
Number of lea~es per plant 
Leaf area (em ) 

YIELD PAR~ETERS 

Rhizome length (ern) 
Rhizome breadth (em) 
Yield per plant (9) 
Yield per ha (q) 

-1 Dry ffiatter accumulation (kg ~a ) 

Rhizome initiation stage 

Tops 
Rhizomes 

Tillering stage 

Tops 
Rhizomes 

Harvest stage 

Tcps 
Rhizomes 

Replication 
(2) 

0.4650 
0.0360 
0.0280 
0.0054 

0.0595 
0.0130 

106.6295 
137.2977 

124.4355 
95.9574 

2840.1725 
68.4615 

291.961 
146952.43 

Mean sum of square 
Treatment 

(9 ) 

33.3308 
3.6083 

137.9912 
0.2312 

8.0428 
2.9374 

1689.1167 
1201.6433 

3467.3207 
11207.338 

23124.6840 
178393.96 

53435.746 
2220520.6 

Error 
(18) 

0.9727 
0.0790 
1.3405 
0.0040 

0.8570 
0.0433 

64.0011 
55.3336 

107.5858 
94.6800 

870.C924 
2628.?123 

1532.7876 
74616.~3 



APPENDIX-C 

ANALYSIS OF VARIANCE FOR QUALITY AND ECONOMICS OF GINGER 
(7.ingiber officina1e Rosc.) 

Degree of freedom 

Qua l_i ty pa rameters 

Cinger oil "content (%) 

01(>ore:-3in content (%) 

Crude fibre content (%) 

I ncicit·nco of rhizom(~ rot 

I';collolnic studies 

Gross income (Rs ha- 1 ) 

Net" income (Rs ha- 1 ) 

Mean sum of squares 
Replication Treatment 

( 2 ) ( 9 ) 

0.0141 

0.0017 

0.0147 

]O.~A77 

0.0229 

0.0327 

0.0358 

Error 
(18) 

0.lJ349 

0.0039 

O.013H 

1 H • 40(,7. 

41532532 363497100 16738429 

42587721 332888325 16876950 



AI'P[NOI X-O 

nNI\U!il~i ur VAIHANC[ fOH CUNCrNTHATlUN or NUTllIl.NI t.LlI'IINI:i IN I;INI;UI (iilllJilll'l 
---~ . 

,,''1'1,: I 1111111 Hooe.) 

" ---------------' 
Muurn uum ul' Illlllfll'll!I 

Replication Treatment 
--------

II",) 1'IJ11 II t' t'l'UtJUOIfI .. (2) ( IJ) ( 111) 

I : IIIIt;. III' 1 HILl' lUll L u 11:11111311 L~:l:.... ___ 1II_1 1_1_0_"_IU_B __ T_oP:.,.B ___ ll_h_i_'_OI_IlH_O __ r_".:,.p_'I __ I_II_ti_l_tl_III._lI_lI __ l_L,.:,II_"1 

N content(%) 

Rhizome In-i tiation it8ge 
Tillering stage 
liul'vuut ISt8QI) 

P contunt (%) 

HhL:oma, in1 tiation stage 
I ll.l ul'1no stage 
liul' vtJot t)tagu 

K content (%) 

IHd IlItIIU III it iution bt.WJIJ 

Tilluring stege 
Hurvuel stage 

r.o content, (%) 

\(lllLOmo in! tistien stugtl 
r illudng atage 
Hl:lrV8st stage 

IVJ!1 c:unt,cmt (%) 

Hhllome initiation stage 
Tillering stage 
Harvest stage 

II (;1111 eLI" L (ppm) 

Hhizome initiation stage 
Tillering stage 
IIUl'Vllut I$tU\,I1iI 

In content (ppm) 

HhilOIllU lnitiation stago 
Tilludng stsge 
Harv\3ot stage 

~.?nt.lInL_ (ppm) 

In,i/wnu initiation stayu 
I. I IIII' I'"j uL/JlJtI 

11111' V'IU L b LIH.JLJ 

0.01457 
0.00586 

0.00322 

0.00017 
0.00015 
0.00096 

LJ.110040 

O.0104B 
0.00117 

0.00702 
0.02182 

0.01519 

0.00047 
0.00019 
0.00035 

0.02830 
0.01438 
0.00230 

U.00UU6 0.00674 
U.U000072 0.00564 
0.000018 0.01110 

0.00696 
0.02057 

0.02145 

0.00197 
0.fl0179 
0.00058 

11 • fiJI fJUfl 

0.00741) 

0.03592 

U.lJIJU2~ 

O.UUU:51:l 

0.00040 

0.04173 
0.06766 

U.02'/15 

0.UU4b1 
n. (JlIMI? 

U.UU1~U 

0.01011 
0.00G85 

1I.lHl:5ll:.s 

U. UUU~~O 

n.IJlJI110 

11.IJUI):~~. 

1).[1211111 11.111Ft') 

IJ.0371:1? n~uul)~m 

0.01539 U.01139 

u.ul'In lJ.IIUUIJ'1 

U.U13~1:l U.UUU11 

0.01909 D.UUOuB 

0.00007 
0.00026 
0.00017 

0.00232 0.00025 0.0052H 0.00023 
0.00086 0.00040 0.00324 0.00019 
0.00102 0.00056 0.00157 0.00022 

1.1435 
2.6080 
0.7250 

22.::;333 
1.0333 
3.0333 

2.1420 
7.2820 
3.t.i32U 

25.0334 
21.7000 
5.4333 

0.7473 
1.2644 

2 '). '/U'/4 

32.U~26 

2B.3296 

26.1229 
39.6276 
'/1 • '1:l1,!" 

',I,.2£2U 

i;:L.O!..i93 

21).5704 

1.B51~1 

2.5255 
1 • ~III')U 

4. '( 1 U~I 

~.ll'/1J4 

:L4/,07 

U.02294 0.02073 1J.1J1:~70 tl.IIIJ'/34 11."11111 
tJ.I)~ml(, ll.02821 n.lJ12~\'1 1J.1I1V"1 lJ.1I11'1!, 

U.IJ1I"/'I II.UU34/, II.IIU£'J '1.1111,.,11 'l.lll ' IH 

o. 01 O~\() 
0.00392 
U • [J\J6 l)11 

U.UUlIU1 

11. mil I'll 

D.nnl, '1 

o.un'/II 
[J .UII I):i 1 

lI. UIJIII,:~ 

U.U13l~ 

(J.OOti4U 

O.UOlll~ 

0.00131 
0.00079 

4.930U 
2.2893 
II • :S 1! 1:.5 

1U. 'nr.l 
tr . "4112 

S .91 1,(1 

11.11;",111 

[I. (,11,11'1 



APP[NllIX-E 

ANAL , SIS or VARIANCE rOR NUTRIENT UPTAKE BY GING[R (Zinglber orricinale Rosc.) 

Mean sum of squares . Replication Treatment Error 

~Bgr~e ~r freeOom (ll (9) (18) 

'Iut r I ,tnt IIptalc~ Rhizomes Tops Tolal Rhizomes Tops Tolal Rhizomo!) Topo Total 

-1 
II upt~kE! (leg ha ) 

Rhizome initi~tion stage U.0595 0.2006 0.2860 5.3101 5.0064 20.3256 0.1669 0.4161 0. 5075 

Tillprlng slage 1.3223 3.6720 3.B275 63.2623 31. 5347 lBO.1103 3.00B6 1.4234 10.5800 

Harvest 5tB~'B 5:2.9<\85 7.7881 55.5745 791.5690 29.8707 1117.0010 33.4489 1.4301 33.9159 

-1 
~ I U~I ;. ' ~ f:.c n h:, ) 

Rllil~mA initiation stage 0.0011 0.0020 0.00116 0.1197 0.2588 0.7204 0.0028 0.0162 0.0135 

Tillering stage 0.0413 0.1381 0.2710 2.2678 1.0949 6.3977 0.0551 0.7790 0.1559 

Harvost ste~e 1l.1683 0.0731 0.1175 12.7267 0.6481 19.6416 0.50BS 0.0419 0.5899 

K 
-1 

uptake (kg ha ) 

Rhizome initiation stage 0.1361 0.3038 0.2243 10.3129 7.3267 34.4397 0.3129 0.3061 0.4586 

T I llering stege 2.5425 10.4928 12.3850 122 .0908 47.2555 316.0760 5.0901 2.4334 5.2677 

Harvest stege 119.5447 0.2711 97.9443 1244.0494 . 24.5930 1596.3420 65.5399 1.3486 69.9113 

-1 
Ca upt~kn (k g he ) 

1~i!nme :nitiation stage 0.0014 0 .2458 0.2379 0.0327 1.0552 1.4396 0.0080 0.1141 0.1145 

,ul"rLlly :!tage 0.0007 1. 43B9 1.3971 0.9441 7.2811 12.8061 0.040G u.S753 0.9206 

Harv'lst stage 0.8008 1.3771 3.4399 9.1865 13 .3723 43.2919 0.4028 1.1396 1.7052 

-1 
"19 uptakp (kg ha ) 

Rhi lcme initiation sto:lge 0.OU20 0.U005 0.0740 0.0397 0.2046 0.3979 0.U021 0.0309 0.02Bl 

Ti ller ing .. tage 0.0705 0.033~ 0.006S 0.7282 1.0048 3.3550 0.0491 0.1294 0.1839 

}larvas!: s t age 1.0305 0.1540 1.8190 7.2061 1.0292 13.5672 0.4929 0.0927 0.5959 

-1 
9 uptake ('I ha ) 

Rhiz ome initiation stage 0 .2 137 0.4928 0.0667 2 . 8878 B.4496 18.6274 0.2734 0.2057 1.2109 

11 lloring sLIi'JH 7.51'1:\ n.fl:.l99 46.':1992 56.2162 66.7275 228.B735 8.6462 2.4419 9.9883 

HarvElst stage 43.1773 8.6254 87.8277 363.2084 63.3824 651.0031 39.6744 0.0698 50.0018 

-1 
~~take:J~) 

Rhizome initiation stage 2.1380 3.4833 8.2118 10.2924 20.6119 57.0906 0.4913 2.0471 2.3607 

Tilledng stnge 3.4453 33.6525 43.7100 164.4867 67.9858 430.8982 15.2353 4.5017 30.3299 

Hervest stago 186.2068 8.0961 270.2745 956.8649 98.7940 1649.7356 92.0997 13.0615 95.1274 

.. , 
Mo up taK" ( '" :,iI ) 

nhizonu-, !:~':''' ~ ation 9tag" 0.0028 0.0052 0.0045 0.0122 0.0068 0.036~ 0.0020 0.0049 0.0048 

TillednlJ stuge 0.0833 0.0099 0.0366 0.1767 0.0568 0.4298 0 . 0305 0.0114 0.0472 

Harvost stagE' 0.5401 0.0027 0 .4 947 1.6928 0.0849 2.5039 0.1676 0.0179 0.1682 



APPENDIX-F 

ANALYSIS OF VARIANCE FOR AVAILABLE NUTRIENT STATUS Of' rl'HE SOlL 
AF'TEH HARVEST 

De ree of freedom 
-1 

Nitrogen (kg ha ) 

-1 
1'lIotip'luruti (kg ha ) 

potassium (kg ha- 1 ) 

~n (ppm) 

B (ppm) 

Mo (ppm) 

M, 'd 1\ 

Re 1ication 
2 

324.7458 

11.30B? 

189.9365 

140fi. C):; ''() 

1(Jh.'1lJ4(} 

0.00745 

0.01359 

0.00029 

HLJIII 01 !-\IJ'ld roe ( M"" ) .... ) 

'l'rei\ tm(~n t l':rro r 
9 ( 1 H-' - -'-

420.5176 107.7934 

1).7 'dn ') • ,; / I I 

266.8934 98.6147 

, I f. 7 • 'i il I 'I 1(I'.Il.HIlI ', 

I L H .) • 1\ ' J ) ( I J',l.Ht,'lll 

0.15909 0.00566 

0.01707 0.0:) 4 3 9 

0.00351 0.00036 



APPE:NDIX-C 
COST Of CULTIVATION Of GINGER (Rs ha-') 

PurticulBrll 

I. f i xud ux/mns9s 
I ) l'nJ/JII, 'ulol'Y t.lll ayu .. ) Ploughing 

b) Planking 
c) Preparation of beds and channels 

ii) Seed and 90IJing 
u) Coet of seed 
b) Seed treatment 
c) SOIJing 

ili)Monuring 
a) Cost of fYM 
b) fYM application 

iv) Three IJeedlnga rollowed by earthing up 

v) '".'Ul! LL'rlljLltlona 
a) Charges of irrigation water 
IJ) Labour required For three irrigations 

vi) HArvesting and sorting 

II. Variable expanses 
i) Cost of Fertilisers 

u) N (through CAN) 
II) p 0 (through SSP) 

2 0 
c) K?O (through MOP) 
1/) IfI ~jf l 

4 
I;J) f'''J~U 

4 
f) 80fBX 

IJ) {\mmunium molybdatw 
h) Jogromin-99 
i) fertiliser application 

1)Chargse at sowing time 

luLul: 

Unit 

3 
3 
80 labour 

units 

20 q 

411 Jllbour 
unitg 

30 t 
24 labour 

units 
80 labour 

IInite 

6 labour 
units 

80 labour 
IIn1 to 

100 kQ 
50 kg 
50 kg 

I'll kU 

1U kg 
10 kg 

kIJ 

2.5 1 

12 labour 
units 

2)Top dressing of N Fertilisers in twc splitB24 labour 
IJpll t9 

J) Iwo 'rolitJr spray ct' JeYL'umln-!)9 

unlte 

(/ luuoul' 

Iud L 

-1 
Rs.unit 

1 !,(J 

30 
18 

11UU/q 

1fI 

85/t 
18 

18 

18 

18 

6.t30/klj 
5. 94/klj 
2.08/kl) 
!I. !,II/I'1J 

~.IJlI/klJ 

20.00/kU 
~J!:J't. nO/klJ 

58.00/1 

HJ 

18 

1U 

/11'1.;11 uf' "/Ju ",'uduut. 
j) GlnlJuf rhizomes flu.! ,!)(). 00/4 

TREATMENTWISE COST Or CULTIVATION 
-1 

(A3 ha ) 

, I'llld,IlIlIII I.tJ WUl 'k Lng o6f.Jl tal IlIiurutJt on wot'king ollJ.ll~Vl UII LWIt! l 'lJ~VIIIJtJ 

12.5% for J montMs(Rs hu ) (flu hu ) ..... 
T 31285.50' 
1 

977.67 16.25 
T 32613.50 1019.67 16.25 
T2 32910.50 1028.45 16.25 
T3 33014.50 1031. 70 16.25 
r4 

33124.50 1035.14 16.25 
5 

r 33059.50 1032.80 16.25 
1

6 
33214.50 1037.95 Hi. 2~ 

'( 
16.2~ T 33968.50 1061. 52 

II 
Tg 34313.50 1072.30 16.25 
1 33267.50 1039.61 16.25 

111 
~-----. - -. 

-1 
Amount(Hs.hB ) 

II ~ ,II • I JlI 

90.nU 
1440.00 

nOUO.Ull 
455.UU 
86'1. no 

2550,nn 
432.00 

1440.00 

16.50 
lQf}.OO 

1440.00 

6BlI.OO 

297.1111 

104.[]O 

1111,1111 

:i!.J .IIU 

200. rm 
'Pdt.1lI1 

145.eu 

716.0[] 

432.00 

11111. tJtl 

1111. .. 1 
-1 

(Ilu Itll ) 

:~:/7 '1'J ./1;> 

33648.92 
33950.20 
34062.45 
3417S.U9 

34098.!J5 
342MI.7U 

351J46. "[I 

354U2.U!J 
34323.36 



APPENDIX-H 

COMPOSITION OF JAGROMIN-99 

COrJtilituent COlle('lIl r<.lLion(PLJ\II) 

linc 9000 

Iron 4000 

Copper 5100 

Manganese J2UlJ 

Cobalt 100 

Uoron 100 

Molybdenum 180 

Jagromin-99 was procured from Jai Shree Agro Industries Pvt. 

Ltd., Baxoli, G.T. Karnal Road, Delhi 110 036, througL L." ''': 

courtesy of the Director of Agriculture I Himachal Pradesh, 

ShillllCl. 

I ~F~ ' --' -~O--:;;;' I 
I ACC. N,,- .~ 0 ?~A ....... i 
- G'-imfJl'Y -p{{L~ 
-'-
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ABSTRACT 

Studies were c::mducted at Regional Rese3.rch Station, Kandayllat. 
in Randomised Block Besign, c:msisting of t e n trJ2atments, narnely~ 
T (contr'Jl),T (N), T3 (NP),r4(NPK)/Tc:;('f4.+zn~04~' Tr;(t4-tMgS04) ,T? 
d: +i3orax), T fT +Ammonium molybdate), t9 C.T4+znSO 4+MgSO 4+B0rax + 
~onium m:)ly~date), T O( T4 +two fQliarsprays ::>f ~,ag~mln eac~ at 
0.7'/0), with a view to1see the effect Qf macr::> ana m~crJ-nutrlent 
elements on gr'Jvlth, yield, quality and disea.se incidence i0. the 
ginger. T'-~ ~ '1 t\. ~I(. Z~~o,.. ~~.sOIt a..t"'-lt ..t. ~~~ ~..t~ ~ 1"\J.~'ll.\"',l..o~ 

'0. I 0 &--'. \ . iC.J!\ ~ j.,q, ~ vU.) . • - 1 
Highest p!3eUdo-stem length, n .lm'0er of leaves plant.,nurnber 

of ti llers pi ant, rhizome If.::ng -til ant"'! , t.hereby, ginger yi el a was 
obt:.ained in T10 • Leaf area was signi " icantly inf 1_'..lenC8cl by tre.atT\~!1t 
Tq • l"1?-ximur;; r~J_zome b~eadth ~las obtained in trea~ent .. , ~4: SQil ap ')­
l1.cati'Jn :).L mlcr.Jnutrl ~mts V1Z., Zn, 11,1g, B Qr M0 Wl. th N.i:-'K decreased 
the gmwth and. yield. l'he correlation coefficients between gr0\'lth 
and yield.parameters were highly positively significan L .• Dry matter 
~ccumulation at tillering and harvest stages :)f gr.::Hvth ''''as hiqhes t 
~n treatment TIO ' wrJile at rhiz')rne initiat.i:m stage it was hiqhest. 
1.r: t7e~tmentr9· Oil c:mtent and incidence of rhizome r-~t ',!as - tY...)t 

:;agn1.f~cantly ~n~luenced by various treatm::mts. K .:3'·')licati::>ns 
~mprov >d ':)1 eo r1.S1.n c':)n tnt I - f t- , signi.c';c ntl' e • nc'.)rporation 0, .'3 ;:)r )')lg ::>r Zn wi th ~\JPK . 

. .L.... a y l.ncr·"'ased ""'1 "''' res' ..... S -: Crude £' b '.' - '-', c..... u). con '_ent as comDared t::) l'JPK ('1' ) 
l re content Was hl.ghest :i.n treatment T .' 4 • 

l-.Ju ·tri en t can tent dAC re s' 2 
Zn :>r i"i9 increased N ---. t- a ed W1. th advancement of growth fvlo Q.r:-
d . c .... n ent \'v'hile B de d ' • ec~eased P c':)ntent A l ' , .. crease, 1. ·t. Zn application 
thel.r content in p1~ntP~~~~ti:>~dJ~ nutri e n:=- d,e.-nents incr0ased .xl' 
I? roduc.2d rhi z')mc wi th highes et cal.. J.n the 8:)1.1 (avail abl e) al so '1' 1: 
l.on by tops d h ' a c-:::mtent N P K d • 7 
found tn , bo:> hanl' h r J..Z'JIlle, t5 accumul ation by 'l-r-o.' an Ca accumul at,..:. 
h' '" 9 es t in T t' ~ps and wh':)i ~ 1 l.ghest rem:>val .:)f r.;; 10 a tilleringztagc r c: pant \-Jere 
and B accum, ' .. ' 191 Zn and lv'lo thr.:>u ho • 9 accoun ted for 
highes t rem;v1 "l~Lofn at rhi zome ini ti ati;n Us tt 9 r:::>wth period and N 

v a ') - K t h' ag era ' Ca 
accumul ati':)n th' . a r l. 2 '.Jtne ini ti ation d· 4 CCOun ted f8r 
and net in ,rougn'Jut qt'':)wth was highe"'t ~ Tharv 0.st stages? 

c:)me and n"'t r-tu · ., In , Hi ' 
trQ03.trn .,nt 1'. <::: (;! ms per Rs invcsUncnto· _ g~est g1."'Oss 

10 ' wele hlgh--><>t ' ~~, In 
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