
NUTRIENT MANAGEMENT FOR YIELD AND QUALITY 

IMPROVEMENT IN KACHOLAM (Kaempferia galanga L.) 

by 

KAVITHA P. R. 

(2009-11-137) 

THESIS 

Submitted in partial fulfilment of the 

requirement for the degree of 

Master of Science in ~gnkuliure 
Faculty of Agriculture 

Kerala Agricultural University 

Department of Agronomy 

COLLEGE OF HORTICULTU~E 

VELLANIKKARA, THRISS~R-680 656 

KERALA, INDIA 

2012 



DECLARATION 

I hereby declare that the thesis entitled "Nutrient management for yield and quality 

improvement in Kacholam (Knempferia gnlnngn L.)" is a bonafide record of research 

work done by me during the course of research and the thesis has not previously formed the 

basis for the award of any degree, diploma, associateship, fellowship or other similar title 

of any other university or society. 

Vellanikkara 

Date:/& 08-12 

&L& 
Kavitha P.R. 



Dr. Meera V. Menon 

Associate Professor (Agronomy) 

College of Horticulture 

Kerala Agricultural University 

Vellanikkara 

Date : 18 -0 g - /.L. 

CERTIFICATE 

Certified that the thesis entitled "Nutrient management for yield and quality 

improvement in Kacholam (Kaempferia galanga L.)" is a record of research work done 

independently by Mrs. Kavitha P. R (2009-11-137) under my guidance and supervision 

and that it has not previously formed the basis for the award of any degree, diploma, 

associateship or fellowship to her. 

Vellanikkara 
- 

Dr. Meera V. Menon 

Chairperson 
Advisory Committee 



CERTIFICATE 

We, the undersigned members of the advisory committee of Mrs. Kavitha P. R 

(2009-11-137) a candidate for the degree of Master of Science in Agriculture, with major 

field in Agronomy, agree that the thesis entitled "Nutrient management for yield and 

quality improvement in Kacholam (Kaempferia galanga L)" may be submitted by 

Mrs. Kavitha P. R., in partial fulfilment of the requirement for the degree. 

Dr. Meera V. Menon 
(Major Advisor) 

Associate Professor 
Department of Agronomy 

College of Horticulture 
Vellanikkara. 

Dr. C.T. Abraham 
Professor and Head 
Department of Agronomy 
College of Horticulture 
Vellanikkara. 

Professor 
Department of Agronomy 
College of Horticulture 
Vellanikkara 

&-*J &,..-LA Professor 
t - Department of Plantation Crops and Spices 

College of Horticulture 
Vellanikkara 



ACKNOWLEDGEMENT 

It is with great, respect and devotion I place on record my deep sense of 
gratitude and indebtedness to my major advisor Dr. Meera V. Menon, Associate 
Professor, Depamnent of Agronomy, for her sustained and valuable guidance, 
constructive suggestions, unfailing patience, friendly approach, constant support and 
encouragement during the conduct of this research work and preparation of the thesis. 
I gratefully remember her knowledge and wisdom which nurtured this research project 
in the right direction without which fulfdment of this endeavor would not have been 
possible. 

No words can truly represent my profound gratitude and indebtedness to Dr. 
C.T. Abraham, Professor and Head, Department of Agronomy and member of my 
Advisory Committee for his unstinted support and guidance in the conduct of field 
experiments, constructive criticism, valuable suggestions and critical scrutiny of the 
manuscript. 

I am deeply indebted to Dr. P.S. John, Professor, Department of Agronomy, 
and member of my Advisory Committee for his unbounded support, valuable 
suggestions, wise counsel during preparation of the manuscript and for providing me 
necessary support during the course of investigation. 

I am extremely grateful to Dr. M. Asha Shankar, Professor, Department of 
Plantation crops and Spices and member of my Advisory Committee for her support, 
critical comments and valuable advice during conduct of the experiment and 
preparation of this manuscript. 

I take this opportunity to express my profound sense of gratitude to Mr. S. 
Krishnan, Associate Professor (SS), Department of Agricultural Statistics, for his 
support, critical comments and valuable advice. 

I sincerely thank Dr. C. George Thomas, Dr. Mercy George, Dr. P.A. 
Joseph, Dr. P. Prameela, Dr. Savithri K. E., Dr. K. E. Usha and Dr. Sindhu P.V 
from the Department of Agronomy for the valuable help and advice rendered during 
the course of my study. 

I am thankful to Dr. P.K. Snshama and Mr. Vishveshwaran, Department of 
Soil Science and Agricultural Chemistry for sincere help during chemical analysis. 



I wish to express my sincere gratitude to Sri. A. G. Rajendra Babu, Farm 
Manager, Department of Agronomy for timely help and cooperation during the 
conduct of the field experiment. My thanks are also due to Ms. Saritha, Mrs. Sreela, 
Mrs. Lakshmy, Mrs. Jini and Mrs. Valsala for their help and concern. 

I am extremely thankful to the labourers attached to the Department of 
Agronomy for their co operation and support during the conduct of the field 
experiment. 

I wholeheartedly thank my friends Ms. Syama S. Menon, Ms. Savitha Antony, 
Mr. Athul B. M., Mr. Rajees P. C. and Mr. Varun Kumar for their whole hearted 
cooperation and timely help. 

I am happy to place on record my sincere thanks to my seniors and juniors in 
the Department of Agronomy for their immense help and support during the course of 
this study. 

Words cannot express my soulful gratitude to my parents and my husband for 
their selfless sacrifice, boundless patience and unflagging interest througllout the period 
of my course. 

The award of senior fellowship of the KAU is thankfully acknowledged. 

Finally I bow my head before THE ALMIGHTY whose blessings enabled me 
to undertake this venture successfully. 

&&. 
Kavitha P. R. 



CONTENTS 

REVIEW OF LITERATURE 

MATERIALS AND METHODS 

DISCUSSION 

REFERENCES 



LIST OF TABLES 



nutrient management 

23a,b,c 

24a,b,c 

25 

26 

27 

Direct and indirect effect of nutrients and qualitative components 
on dry rhizome yield 

Direct and indirect effect of nutrients and yields on oleoresin 

Direct and indirect effect of nutrients and yields on essential oil 

pH and nutrient contents in soil before and after the experiment 

Secondary nutrient contents in soil before and after the 
experiment 

55-57 

59-61 

63-65 

68 

69 



LIST OF FIGURES 



LIST OF PLATES 

Plate 
No. 

1 

2 

3 

Title 

General view of experimental field 

Foliage spread in Kacholam 

Harvested rhizomes of Kacholam 

Between pages 

28-29 

28-29 

28-29 





1. INTRODUCTION 

Soil, climate, and management practices are the three basic factors which 

influence the yield of a crop. Management of essential nutrients in the soil by proper 

fertilizer use is important for increasing crop yield and quality. However, fertilizer 

management has become synonymous with management of the major nutrients, 

nitrogen, phosphorus and potassium. The secondary and micronutrients do not get the 

attention they deserve, even though they are essential and play key roles in the 

growth and productivity of crops. 

Continuous mining of nutrients from soils, coupled with inadequate and 

imbalanced fertilizer use, led to secondary and micro nutrient deficiencies in soil. 

Deficiencies of at least six nutrients (N, P, K, S, Zn and B) are quite widespread in 

Indian soils (Tewatia, 2008). In Kerala too, there is widespread deficiency of sulphur. 

Of a number of alluvial and brown hydromorphic soil samples collected in Kerala 56 

per cent and 83 per cent respectively, were sulphur deficient (Nair, 1995). Seventy 

per cent of soil samples collected from different parts of the four districts of 

Palakkad, Kollam, Thiruvananthapuram and Thrissur were low in sulphur (John el 

al., 2005; Sheela et al., 2006). 

A relative or absolute deficiency of S, and its governing role in N utilization 

is related to a great degree to the declining productivity with increasing N levels in 

almost all crops in several states of India. Kerala, located in the humid tropical tract, 

is predisposed to have suboptimal contents of S and other nutrients in the soil. The 

losses due to leaching and erosion are remarkably serious in this high rainfall zone, 

where two third of the total annual rainfall of 3000 mm is received in South-West 

monsoon period alone.-The laterite soils predominant in this area are generally 

deficient in K (Sarkar el al., 1989) and Ca (Kanwar, 1976). 



Crops respond differentially to different nutrient elements, and proper 

nutrient management for a plant species is important for increasing yield and quality. 

This is particularly relevant for medicinal plants, where quality component of yield is 

as important as quantitative yield. 

Kaempferia galanga L., known as Kacholam, is one such important medicinal 

and aromatic plant of Kerala. There are 55 species reported in the genus Kaempferia, 

of which 10 are found in India, among which, K.galanga and K.rotunda are 

economically important. Lately, the consumption of the rhizome by the medicinal 

and perfumery industries has shot up, leading to high demand and price. Dried 

rhizomes are used in bulk quantities in ayurvedic medicine and in the cosmetic 

industry. The whole plant is refreshingly aromatic and is bestowed with several 

medicinal properties as being stimulant, expectorant, carminative and diurectic 

(Chopra et al., 1956). It is used for curing inflammatory wounds, skin disorders, 

piles, oedema, fever, epilepsy, splenic disorders and asthma (Aiyer and Kolammal, 

1964; Burkill, 1966). The constituents of the rhizome oil include para methoxy ethyl 

cinnamate, ethyl cinnamate, cineol, bomeol, 3-carene, camphene, kaempferol, 

kaempferide and cinnamaldehyde. 

In Kerala, kacholam has attained the status of a cashcrop in homesteads. The 

climatic and soil conditions prevailing in Kerala are optimally suited to the 

cultivation of the crop. There is immense scope for its cultivation in the homestead as 

an intercrop in coconut gardens. Kacholam can also be successfully cultivated in 

various parts of South India and in the north-eastem states 

Nutritional management practices which could increase the yield and quality 

of kacholam would greatly benefit the small farmers of Kerala. Though there is an 

approved ad hoc recommendation for organic manures, as well as for N, P and K for 

kacholam, there are reports that the K dose is inadequate (Gangadharan, 2003). The 

organic manure recommendation is quite high and rather unaffordable. There are also 

reports of the association of sulphur, calcium and magnesium with higher yield and 

quality in kacholam (Gangadharan and Menon, 2003 and 2006). Top dressing of 

sulphur and magnesium was advocated at the rhizome formation stage for increasing 



the productivity of the crop. However, no work has been done on the application of 

these elements. 

An attempt was made to develop a more effective nutrient application 

schedule in kacholam incorporating the secondary elements Ca, Mg and S, and 

varying the organic manure and K rates for maximizing productivity in kacholam 

intercropped in coconut gardens. 

The specific objectives of the study were: 

1. To find out the effect of secondary nutrients, viz., sulphur, calcium and 

magnesium, on yield and quality of kacholam. 

2. To study the effect of varying organic manure levels in combination with 

fertilizers as well as that of different N:IQratios on the productivity of the crop. 
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2. REVIEW OF LITERATURE 

Medicinal and aromatic plants play an important role in the health care of 

people around the world. Until the advent of modem medicine, man depended on 

plants for treating human diseases. Zingiberaceae family constitutes a vital group of 

rhizomatous medicinal and aromatic plants characterised by the presence of volatile 

oils and oleoresins. Kacholam (Kaempferia galanga L.) also known as 

Sugandhavacha, Chandramulika or Sidhul, is a rhizomatous perennial plant of this 

family, the rhizomes of which yield an essential oil. The oil is utilized in the 

manufacture of perfumes and in curry flavouring. It is also employed in cosmetics, 

mouth washes, hair tonics and toiletries. The pungent, hot, sharp, bitter and aromatic 

rhizomes find an important place in indigenous medicine as stimulant, expectorant, 

diuretic and carminative, and are identified to have tremendous effect in curing 

bioncllial and gastric diseases. The yield of kacholam has two components, the 

rhizomes and the oleoresin and essential oil. Management of major and secondary 

nutrients so as to optimize production of both quantitative and qualitative yields is 

the main objective in kacholam cultivation. 

Review of literature is classified into three aspects, viz., effect of nutrients on 

biometric characters, effect of nutrients on yield and quality, and interaction effect of 

nutrients in kacholam, and other oleoresin and essential oil yielding crops as well as 

rhizome and root crops. 

1. Biometric characters 

a. Relation of biometric characters with growth and yield 

Latha er al. (1995) reported that in turmeric, increased vegetative growth generally 

resulted in increased production and storage of photosynthates in rhizomes, which 
- 

accounted for higher yield. Nitrogen, phosphoms and potassium uptake was 



significantly higher with mother rhizome compared to finger rhizome because of 

better vegetative growth of the crop in the initial stages which resulted in higher 

uptake of nutrients. 

Correlation and path analysis for yield and yield contributing characters in 

two types of micro propagated ginger p h t s  showed that tiller number exhibited 

negative correlation and negative direc: effect with the rhizome yield in the first 

generation. In the second generation of the aerial stem regenerated plants, tiller 

number, number of nodes per cormlet, circumference of cormlet, number of cormlet 

and plant height exhibited high positive correlation and maximum direct effect with 

rhizome yield (Lincy ef  al., 2008). 

b. Effect of organic manures on biometric characters 

Maheswarappa et al. (2000) observed that the combination of organic manure with 

chemical fertilizer resulted in better growth of the crop as reflected in more number 

of leaves, tillers, higher leaf area duration and yield components in kacholam. 

Hossain and Ishimine (2007) observed that vegetative growth parameters (number of 

leaves per plant, plant height, number of tillers per plant, leaf biomass) and yield of 

turmeric increased with the FYM application than control. 

Sanwal et al. (2007) found that significantly higher rhizome yield was recorded with 

the application of FYM @ 18t/ha which was on a par with lOt/ha of poultry manure. 

Application of these organic sources resulted in 16-103 per cent higher rhizome yield 

over control and also improved the quality parameters in turmeric. Manhas and Gill 

(2010) also reported that application of FYM increased the growth, dry matter 

accumulation, yield and quality of turmeric. Similar observations were made by 

Maheswarappa et al. (2001) in kacholam 

c. Effect of nutrient application on biometric characters 

Top dressing of P and K at the initial stages of growth, that is, 1 !4 - 2 MAP would 

iinprove vegetative growth and yield in kacholam (Gangadharan, 2003). 



Akamine et al. (2007) found that in turmeric, N applied alone or in combination with 

P and K resulted in a significantly higher plant height, and number of leaves and 

tillers. Similar results were observed by Haque el al. (2007), where plant height, 

number of leaves and finger number of turmeric increased with increase in N levels 

up to 150 kgha. The finger weight, finger size and turmeric yield were also 

increased. Banwasi and Singh (2010) observed that maximum fresh rhizome yield, 

plant height, number of tillers/clump, leaf length and leaf width were recorded with 

application of 150 kg Piha in turmeric. Similar results were also reported by 

Sheshgiri and Uthaiah (1994) in turmeric. 

Jayalakshmi (2003) found linear relationship between plant height and the level of 

nitrogen applied in medicinal coleus. The plant height recorded at 120, 150 and 180 

days after planting (DAP) was the highest (49.5, 55.4 and 57.3 cm, respectively) 

when 50 kg N per hectare was applied compared to control (35.4, 39.8 and 41.8 cm, 

respectively). Number of laterals, number of leaves, number of tuberous roots per 

plant, tuber length and diameter,, fresh and dry roots were found to be the highest 

with application of 50 kg N per hectare at all the growth stages. Jilani el al. (2010) 

observed, maximum number of leaves (18.70), leaf length (33.33 cm), weight of 

leaves (160.67 g), root length (23.77 cm), root diameter (4.43 cm), root weight 

(139.28 g) and yield (99.88 tiha) were recorded when N was applied @ 200 kg per 

hectare in radish. 

Jana and Kabir (1990) recorded maximum plant height (48.62 cm), number of leaves 

(9.14), weight of 10 bulbs (1.02 kg), diameter of bulb (6.13 cm) and yield (30.19 

tiha) in the treatment which received sulphur @ 30 kg haS' followed by that which 

received 40 kg ha-' in onion. Similar results were observed by Poornima (2007), 

where the growth parameters such as plant height (45.32 cm) and total dry matter 

production (97.04 g/plant) was highest in treatment receiving K (100kgha) and S (30 

kg/ha). 

Lujiu el al. (2009) found that plant height, stem circumference, number of 

branches and tuber weightlplant increased with increasing rates of N (375 kgiha) and 

K (450 kgha) in ginger. Plant growth was vigorous and robust when K was applied 



in ginger. Sugatto and Mafzuchah (1995) observed that the yield attributes like plant 

height, number of leaves and finger number responded significantly to K levels. K at 

the highest level (160 kgiha) produced the greatest plant height, maximum number of 

leaves and finger number in ginger. In turmeric, similar result was observed by 

Haque et al. (2007), where the application of K (100 kgiha) enhanced plant height, 

number of leaves and finger numberlplant. An experiment was conducted on 

turmeric cv. Suguna with different levels of N (100, 150 and 200 kgiha) and K (100, 

150 and 200 kgiha) along with uniform dose of P @ 60 kgiha. The maximum plant 

height, leaf number and leaf dimension were obtained with highest level of both N 

and K (Medda and Hore, 2003). Kakar et al. (2002) reported that increasing nitrogen 

level up to 100 kg resulted in longer leaves (64.83), greater number of leaves per 

plant (17.90), maximum single bulb weight (42.60 g) and bulb yield per plant (7.08 

kg) and total bulb yield (6746.03 kgiha) of garlic. Ali et al. (2003) observed that 

maximum number of leaves, plant height, root length, root diameter, fresh and dry 

weight of shoot, fresh and dly weight of root and root yield, when 150 kg N per 

hectare was applied in carrot. 

In AIpinia galanga, increasing levels of nitrogen application significantly increased 

plant height, number of tillers per clump and number of leaves per tiller up to 100 kg 

N/ha (Hussain et al., 2005). Maheswarappa et al. (2000a) found that N content and 

dry matter in kacholam were significantly higher in plants treated with FYM (20 tiha) 

and inorganic fertilizers (50:50:50 kg N,P,K ha.'), compared with composted coirpith 

and inorganic fertilizers applied singly. 

2. Yield and quality 

a. Effect of nutrient sources on yield and quality 

Vidyadharan and Swadija (2000) observed that in arrowroot (Maranta 

arundinaceae), rhizome yield increased with increasing levels of FYM, the highest 

yield (13.95 tiha) being recorded at 20 tiha. In kacholam, the essential oil and 

oleoresin contents were significantly higher in treatments with FYM (20 tha-') and 

NPK (50:50:50 kgha-'), followed by FYM and vermicompost treatments 

(Maheswarappa et al., 2000b). Trials conducted by Singh et al. (2006) revealed that 



in Curcuma aromafica, application of 22.5 t of FYMJha provided higher oil yield 

(234.4 kg/ha). In Curculigo orchioides, application of FYM @ 40t/ha resulted in 

significant improvement in number, length and thickness of tuber and dry recovery 

(Kothari and Singh, 2003). Joy et al. (2002) found that in Abinia galanga L., the 

treatment receiving FYM (20 tha) recorded the highest number of clumps per plot 

(1 9.17), highest plant height (90.1 Scm), number of suckers per clump (57.1 O), 

number of leaves per sucker (10.23), fresh rhizome yield (45.14 tiha) and oil yield 

(94.80 Iha). 

Maheshwari et al. (2000) reported that in Ashwagandha cultivar "JA 20", use of 2.5 

tha-' FYM along with 12.5 kg N and 25 kg P205, recorded 23.7 per cent higher root 

yield and was highly remunerative, fetching maximum net returns of Rs.29390ha 

with a B:C ratio of 5. Harshavardhan el al. (2007) reported that in lemon balm 

(Melissa officinalis L.), application of 50 per cent inorganic fertilizers and 50 per 

cent enriched FYM (6 t ha-') resulted in increased oil yield of 47.27 kg ha-'. 

Maheswarappa et al. (1999) observed that in arrowroot (Maranta arundinaceae) 

intercropped with coconut, the treatment combination of FYM along with inorganic 

fertilizers recorded the highest dry matter of 65.12 g per plant and 125.69 g per plant 

at 120 and 240 days after planting and at harvest (167.93 g per plant). The contents 

of chlorophyll a and b were significantly higher in the treatment of.FYM + inorganic 

fertilizer alone (2.1 and 2.113 mglg fresh leaf respectively). Gayathri and Anburani 

(2008) noticed that in kacholam, the number of rhizomes per plant (19), fresh weight 

of rhizome (76.66 gl plant ), dry weight of rhizomes (75.16 glplant), yield of rhizome 

(1455.77 glplant) and essential oil content (2.12%) were highest in the treatment 

combination of FYM at 30 tiha along with the recommended dose of inorganic 

fertilizers at 50:50:50 kg NPK ha-' and with the foliar application of vermiwash (15) 

dilution. 

Veeraragavathatham el al. (1988) studied the effect of major nutrients on the growth 

and tuber yield of medicinal coleus and found that combination of 40 kg N, 60 kg 

P205 and 50 kg K2O was optimum for maximum fresh (33.12 tha) and dry (3.98 

tha) tuber yields. Further, they reported that tuber yield decreased when NPK levels 

were raised beyond 40:60:50 kg N, PzOs and K20 per hectare. Patne (2003) at 



Bangalore in red sandy clay loam soil, also obtained higher dry tuberous root yield 

(3.45 ttha), number of roots, girth of tuberous roots, length of tuberous roots and dry 

weight of tuberous roots per plant when 40:60:50 kg N, P205 and KzO per hectare 

was applied along with 10 tonnes of FYM per hectare. 

Attoe and Osodeke (2009) observed that in ginger, the optimum NPK treatment 

combination of 200:80:100 kglha resulted in increased growth and yield parameters 

(plant height, number of shoots, fresh weight of plant and rhizome yield). 

b. Effect of nutrients on yield and quality 

1. Nitrogen 

Nitrogen is a vitally important plant nutrient and is the most frequently deficient of 

all nutrients. It is important for protein production. It plays a pivotal role in many 

critical functions (such as photosynthesis) in the plant and is a major component of 

amino acids, the critical element constituent component of proteins. These amino 

acids are then used in forming protoplasm, the site of cell division and plant growth. 

Nitrogen is necessary for enzymatic reactions in plants since all plant enzymes are 

proteins. It is a necessary component of several vitamins, e.g., biotin, thiamine, 

niacin and riboflavin (Brady, 1984). N is part of the nucleic acids (DNA and RNA). 

Nitrogen is an integral part of chlorophyll, which is the primary absorber of light 

energy needed for photosynthesis (Das, 1993). 

At any given time, 95-99% of the potentially available nitrogen in the soil is in 

organic form, either in plant and animal residues, in the relatively stable soil organic 

matter or in living soil organisms, mainly microbes such as bacteria. Total nitrogen 

content in soils could vary from traces to !-2% depending upon the C: N ratio of soil 

organic matter. 

N is involved in chlorophyll formation, and it influences stomata1 conductance and 

photosynthetic efficiency (Mazid, 1993). N is responsible for 26-41% increase in 

crop yield in turmeric (Maier et al., 1996). Pandey (1992) stated that increasing rates 

of N significantly enhanced the yield and other yield attributing characters of 



turmeric. Singh et al. (1994) reported that application of 100 kg Nha  gave the 

. maximum growth and yield of ginger under medium soil fertility conditions of 

Jabalpur. Thakur and Sharma (1997) reported significant increase in rhizome yield 

due to increased level of nitrogen up to 100 kg N h a  in ginger. Hussain et al. (2005) 

also noticed that application of 100 kg Nlha resulted in highest oil content and fresh 

rhizome yield. 

Ganorkar et al. (2006) reported that the highest values for nutrient uptake and tuber 

yield in safed musli were observed with FYM application (20 tha) and nitrogen (75 

kg N ha-'), when applied alone or in combination. Sailaja et al. (2007) reported that 

the highest fresh and dry weight of roots (320.4 and 40 g/pl&t, respectively), number 

of roots per plant (15.1), root length (23.5 cm), highest fresh tuberous root yield 

(1 1.44 tha) and highest dry tuberous root yield (1.43 tlha) were recorded with 

application of nitrogen at 40 kg per hectare. They also observed that the highest plant 

height, number of leaves per plant, leaf dry weight, leaf area, shoot dry weight and 

dry matter production were at 40 kg N per hectare. Veeraragavathatham et al. (1988) 

studied the effect of N on the yield of C. forskohlii with five N levels (0, 40, 80, 120 

and 160 kg/ha). The effect of nitrogen was significant and the higher fresh (21.27 

tha) and dry tuber yield (2.56 tha) were obtained from the treatment receiving 40 kg 

N per hectare. 

Geetha and Nair (1990) studied the differential response of C. parvij7orus to graded 

doses of nitrogen (0, 30, 60, 90 and 120 kg/ha). They reported that nitrogen at 60 kg 

per hectare produced maximum plant height, number of branches, number of leaves, 

leaf area index and dry matter yield. Further increase in the dose of nitrogen had no 

significant effect on growth and yield of the crop. Mastiholi (2008) reported that the 

yield contributing characters like number of tubers per plant (17.7), length (20.8 cm) 

and diameter of tubers (13.8 mm) at harvest were recorded maximum with 

application of 50 kg N per hectare were significantly superior over 100 and 150 kg N 

per hectare. 

Muthuswamy and ~uthukishnan (1984) observed a marked increase in fresh top 

weight and root diameter with 200 kg N per hectare in radish. Cabonce (1993) 



reported that radish plant supplied with 80 kg N per hectare produced longer, bigger 

and heavier roots over all other treatments. Ghanti et al. (1997) tried different 

nitrogen levels with various irrigation treatments. They found that N significantly 

influenced radish yield, leaf and root length, root girth and number of marketable 

roots per hectare. The highest radish yield (369.40 qtha) was obtained with 100 kg N. 

Kakar el  al. (2002) reported that increasing nitrogen level up to 100 kg resulted in 

longer leaves (64.83), greater number of leaves per plant (17.90), maximum single 

bulb weight (42.60 g) and bulb yield per plant (7.08 kg) and total bulb yield (6746.03 

kglha) of garlic. 

2. Phosphorus 

The most essential function of P in plants is in energy storage and transfer. 

Adenosine di and tri phosphates (ADP and ATP) act as "energy currency" within 

plants (Tisdale et al., 1993). Phosphorus is essential for the general health and vigour 

of all plants. Specific growth factors that have been associated with phosphorus are 

stimulated root development, increased stalk and stem strength, improved flower 

formation and seed production, more uniform and earlier crop maturity, increased 

nitrogen fixing capacity of legumes, improvements in crop quality, and increased 

resistance to plant diseases. 

Phosphorus (P) is vital to plant growth and is found in every living plant cell. It is 

involved in several key plant functions, including energy transfer, photosynthesis, 

transformation of sugars and starches, nutrient movement within the plant and 

transfer of genetic characteristics from one generation to the next. The total P 

concentration in agricultural crops generally varies from 0.1 to 0.5 percent. 

When P is limiting, the most striking effects are a reduction in leaf expansion and 

leaf surface area, as well as the number of leaves. Shoot growth is more affected than 

root growth, which leads to a decrease in the shoot-root dry weight ratio. 

Nonetheless, root growth is also reduced by P deficiency, leading to less root mass to 

reach water and nutrients (Tisdale er al., 1993). 



~ ~ ~ l i c a t i o n  of farmyard manure increased the activity of phosphatase enzymes 

which enhanced P availability (Bopaiah and Sheny, 1991). Singh and Neopaney 

(1 993) also reported that application of 80 kg PzOs/ha resulted in greater plant height, 

maximum number of leaves and higher yield in ginger. Banwasi and Singh (2010) 

found that application of phosphorus a 1 0 0  kglha resulted in better vegetative growth 

as well as higher yield of turmeric. 

Latha et al. (1995) observed that maximum yield of fresh rhizomes (156.3 qha) was 

recorded with the application of 150 kg Pha, followed by 149.2 and 147.9 q/ha 

rhizomes in the treatments receiving 100 and 200 kg Plha in turmeric. 

Veeraraghavathatharn et al. (1988) studied response of coleus to P levels and 

reported higher tuber yield at 60 kg P20s per hectare over control. Ravi (2004) also 

recorded higher growth, yield attributes and tuber yield by applying 60 kg P20j per 

hectare along with VAM. 

3. Potassium 

Potassium, unlike N, P and most other nutrients, does not form co-ordinated 

compounds in the plants. Instead, it exists solely as the K' ion, either in solution or 

bonded to negative charges such as organic radicals like the acid radical -R-COO'. 

As a result of its strictly ionic nature K+ has functions particularly related to the ionic 

strength of solutions within plant cells (Tisdale el  al., 1993). 

Potassium is actively taken up from the soil solution by plant roots. The 

concentration of K+ in vegetative tissue usually ranges from 1-4% on dry matter 

basis. Thus plant requirements for available K are quite high. Potassium apparently 

does not form an integral part of any plant component and its function is catalytic in 

nature. It is essential for the physiological functions of carbohydrate metabolism and 

synthesis of proteins, control and regulation of activities of various essential mineral 

elements, neutralization of physiologically important organic acids, activation of 

various enzymes, promotion of the growth of meristemic tissue and adjustment of 

stomata1 movement and water relations (Tisdale et al, 1993). It is also involved in 

imparting resistance to drought, frost, pest, diseases and physiological disorders 

(Balram et al., 1977; Singh and Tripathi, 1979). 



Potassium favours plant growth, dry matter partitioning, production of tuberous 

roots, tuber yield and quality in cassava (John et al., 2006). Rajagopalan et al. (1989) 

reported higher uptake of potassium compared to N and P in Kaempfria galanga. 

FYM+NPK combination resulted in better growth of the crop and ultimately higher 

fresh rhizome yield in kacholam (Maheswarappa et al., 2000). In tapioca, potassium 

deficiency led to reduced tuber growth and production of poor quality tubers (Susan 

et al., 2006). Nair and Aiyer (1986) found improvement in starch and quality 

parameters of starch with increasing rate of K application in cassava. Higher doses of 

K reduced the cyanogenic glucoside content in cassava (Ramanujan and Indira, 

1987). Akamine et al. (2007) observed that in turmeric, K is the principal element 

involved in curcumin formation. Application of K alone resulted in the highest 

curcumin content in rhizomes. Bahadur el al. (2000) reported that an increased in the 

rate of potassium resulted in an increasing trend in growth, dry matter production and 

yield of turmeric, and highest yield (15.4 tha) was obtained with 120 kg ha.' K20. 

Veeraragavathatham et al. (1988) found response of C. forskohlii to K levels at 

Coimbatore and recorded higher fresh (21.19 t/ha) and dry (2.53 tha) tuber yield 

with the application of 50 kg K20 per hectare over 0 and 100 kg K20 per hectare. 

Salimath (1990) reported that dry matter production, bulb size and bulb yield 

increased with the increase in level of K from 0 to 150 kg/ha in onion. Kumar et al. 

(2001 j observed that in onion, with an increase in potassium application significantly 

increased dry weight of top and bulbs, bulb diameter, 100 bulb weight and bulb yield 

up to 40 kg K201ha. Hossain et al. (2004) reported that in carrot, plants receiving 250 

kg Krha produced maximum root fresh weight (180g) and minimum (160.95g) was 

obtained in control. Increased level of K produced longer and thicker roots giving 

higher individual fresh weight of roots. Sarkar et al. (1989) also reported that the 

fresh weight of root increased with increased K in potato. 



4. Calcium 

Calcium is seen as a constituent of calcium pectate, which strengthens the cell wall. 

It maintains the turgidity of cell wall and promotes normal root growth and 

development. 

Singh and Dwivedi (1993) concluded that maximum tuber yields (414.8 and 418.75 

qiha) were recorded when sulphur was applied through gypsum @ 2.68qiha in 

potato. Dabhi el  al. (2004) recorded, the higher values of yield parameters (plant 

height, number of leaves/plant, bulb diameter and bulb weight) and highest bulb 

yield (246.50 qka) with application of 30 kg Slha in the form of gypsum followed by 

20 kg Siha in garlic . 

5. Magnesium 

Magnesium is an important part of chlorophyll, a critical plant pigment important in 

photosynthesis. It is important in the production of ATP through its role as an 

enzyme cofactor. Magnesium deficiency can result in interveinal chlorosis (Tisdale el 

al., 1993). 

Application of MgS04 at the stage of formation of rhizome, favoured the 

development of quantitative components in rhizomes of kacholam (Gangadharan, 

2003). Bose el al. (2008) observed that increasing rates of sulphur and magnesium 

improved the yield and quality of turmeric. Results showed that inclusion of S and 

Mg in the fertilization schedule improved the fresh rhizome yield 26t/ha with 44 kg 

Siha znd 22 kg Mgha when applied along with recommended NPK dose. Kleiber et 

al. (201 1 )  noticed that, Mg nutrition was found to have a positive effect on yield and 

quality, producing significantly higher total yield (485 kg/m2) and increased yield by 

45% in comparison with the control combination in onion. 

6. Sulphur 

Sulphur is recognised as the fourth major nutrient inaddition to N, P and K. Hedge 

and Babu (2007) reported that sulphur ranks thirteenth in terms of abundance in the 

earth's crust and thus has limitation in agriculture all over the world. For optimum 



plant growth and yield, all the essential nutrients are required in appropriate 

quantities. Sulphur is needed for synthesis of coenzyme A, which is involved in 

oxidation and synthesis of amino acids and oxidation of intermediaries of the citric 

acid cycle. Sulphur deficiency symptoms are more often observed in crops at early 

stages of crop growth, because sulphur can be easily leached from the surface soil. 

Sulphur deficient plants had poor utilization of nitrogen, phosphorus and potassium 

and a significant reduction of catalase activity at all the ages (Nasreen et al., 2003). 

Sulphur application is known to reduce plant content of iron by reducing leaf sap pH 

and increasing chlorophyll content (Singh, 1970; Pillai, 1972). Increasing levels of S 

up to 40 kglha significantly enhanced all the growth parameters (number of tillers per 

plant, plant height and dry matter accumulation), spikes per plant, grains per spike, 

grain and straw yields and net returns compared to the control and 20 kg S/ha in 

isabgol (Yadav et al., 2003). Thippeswamy (1993) studied the response of onion to 

four levels of sulphur viz., 0, 20,40 and 80 kg ha-' and recorded highest plant height 

(53.69 cm) and maximum number of leaves (14.50) at 20 kg S ha-'. However, highest 

bulb length (20.29 cm) and bulb yield (43.75 tlha) were noticed in the treatment 

which received 40 kg S ha-' and lowest bulb yield (34.60 tiha) was noticed in control. 

In onion, largest increases in plant height, fresh and dry herbage yields, and essential 

oil, can be attributed to the nitrogen supplied as ammonium sulfate (Nasreen et al., 

2003). Application of 20 kg S/ha increased significantly increased the herb and oil 

yield and uptake of S and P in spearmint compared to control (Chattopadhyay et al., 

2000). 

$. 
Sulph~n has a direct effect on soil properties as it may reduce soil pH which improves 

the availability of micronutrients such as Fe, Zn, Mn and Cu as well as crop yield and 

its related characteristics (Tantawy et al., 2009). 

c. Effect of nutrient interactions on yield and quality 

Interaction has been defined as mutual or reciprocal influence of one element upon 

another in relation to plant growth and its differential response to one element in 



combination with varying levels of the second element. Two or more growth factors 

,are said to interact when their individual influence is modified by the presence of one 

or more of the others. When factors in combination result in a growth response that is 

greater than the sum of their individual effects, interaction is positive and when the 

combined effect is less, the interaction is negative. In the former case the factors are 

synergistic, whereas in the latter they are antagonistic. Additivity indicates the 

absence of interaction. The highest yields are obtained where nutrient and other 

growth factors are in a favourable state of balance. As one moves away from this 

state of balance, nutrient antagonisms are reflected in reduced yields (Olsen, 1972). 

N and P are the two nutrients accounting for a major share of the current 

annual fertilizer consumption (IFA, 2003). Tisdale el al. (1993) reported that 

nitrogen promotes phosphorus uptake by increasing top and root growth, altering 

plant metabolism and increasing the solubility and availability of P. Hussain el al. 

(2005j observed that in Alpinia galanga L., interaction of N (150 kgha) and P (120 

kglha) resulted in maximum fresh rhizome yield per plant. Ravi (2004) observed that 

Coleus forskohlii grown under sandy loam soil recorded higher growth parameters 

(plant height, number of laterals, number of leaves and plant spread) and yield 

attributes (length and diameter of tuberous roots, fresh and dry weight of tuberous 

roots per plant) and tuberous root yield with 50 kg N plus 60 kg P205 per hectare 

along with VAM. 

In addition to nitrogen, potassium is the major plant nutrient absorbed and 

removed by crops in the largest amounts among all essential nutrients. Wilson and 

Ovid (1993) stated that N and K increased the quality of young ginger rhizome and 

produced maximum fresh yield of rhizome. Haque el al. (2007) found that highest 

plant height, number of leaves, finger number, highest finger weight and rhizome 

yield were obtained at a combined application of N (180kgha) and K (100kg/ha) in 

ginger. Combination of N (21 0 kgha) and K (1 50 kgtha) provided four to six times 

greater shoot biomass and eight to nine times higher yield. This combination was the 

best for promoting both yield and curcumin content of turmeric ((Akamine et al., 

2007). Sanyal and Dhar (2008) reported that in turmeric, highest yield and curcumin 



content were noted with a combination of mulching + application of nitrogen and 

potassium at 120 and 160 kgha. Suja ef al. (2006) observed that in arrowroot, 

combined effect of N and K.  levels significantly affected fresh rhizome yield. 

Application of N at 50 kgiha and K at 75 kgha resulted in higher rhizome yield, total 

dry matter production and harvest index. Tuber yield was found to increase with 

increase in the rates of N (200 kgiha) and K (200 kgha) under irrigated conditions in 

cassava magar, 1985). 

Nitrogen and sulphur are involved in protein synthesis and play an important 

role in the protection of plants against nutrient stress, pests and in the synthesis of 

vitamins and chlorophyll in the cell. The interaction of nutrients is of great 

importance because decline in S supply from the atmosphere has already caused 

substantial losses of N from agro-ecosystems to the environment (Luit et al., 1999). 

Optimum use of fertilizers containing sulphur improves utilisation of nutrients, 

especially nitrogen. Favourable influence of sulphur on nitrogen metabolism and 

mutual interactions between those two elements were reported by Fismes el al. 

(2000j. 

Sulphur deficiency can reduce N use efficiency and N deficiency can also 

reduce S-use efficiency. Plants grown without N fertilizer showed no apparent S 

stress, whereas plants receiving N fertilizer, particularly at higher rate without S, 

showed symptoms suggesting severe physiological disorder in N nutrition (Kopriva 

and Rennenberg, 2004). Kumar et a[. (2004) stated that biomass, leaf area and 

quercetin content, as well as dry weight of shoots, protein content in the leaves, 

sulfur content in the stem and photosynthetic rate at 30, 45 and 60 days after 

treatment were highest with the combined application of 100 kg Nha,  30% S and 

neem cake containing 20% urea in Pluchea. 

Kumar and Singh (1994) observed that under sulphur deficient conditions, 

phosphorus in plants is not properly utilized and hence an increase in total 

phosphorus occurs. There exists a synergistic relationship between P and S at low 

level of S application and antagonistic relationship at higher level of S application in 

wheat (Randhawa and Arora, 2000). Singh et al. (2001) found that there was a 



gradual increase in P uptake with increasing levels of S upto 80 kgha. Sulphur 

uptake by tubers increased at higher levels of P in potato. 

Jaggi et al. (1995) reported an increase in potassium concentration in linseed 

due to sulphur application. Sulphur has been reported to increase K absorption and 

productivity of oilseed crops by Daliparthy (1994). Chandrasekharan (1983) carried. 

out an experiment to study the effect of application of S and K on the yield and 

quality of radish and carrot. Significant increase in the yield of radish was obtained 

due to sulphur and potassium application. Singh et al. (1995) recorded increased 

tuber yield, % dry matter and soluble protein in tubers due to the application of 150 

kg K20 and 50 kg S k a  in potato. Mondal et al. (1996) noticed that the application of 

S @ 20 kgha along with NPK treatment (60 kg N+30 kg P205+60 kg K2Oka) 

increased the yield of potato by 8.5% over other treatments. Lalitha et al. (1997) 

reported that the higher starch and protein contents were recorded in potato, with the 

application of K @ 125 kgha and S @ 24 kgka. The combined application also 

resulted in significantly higher tuber yield and higher grade tubers of potato over 

control. 

Kumar and Singh (1994) observed an increase in total potassium in sulphur 

deficient plants of onion because of in~proper utilization of potassium. Hariyappa 

(2003) observed that application of 125 kg K2O ha-' plus 30 kg S ha-' recorded 

significantly higher yield (25.45 tlha) and TSS (12.83%) in onion. -The same 

treatment combination recorded highest uptake of nutrients viz., N, P, K and S at 

harvest. Similar result was also observed by Poornima (2007), where the yield 

parameters such as bulb diameter, bulb length and bulb weight were significantly 

higher in treatment receiving K (100 kgha) and S (30 kgha). Nandi et al. (2002) 

recorded highest bulb yield of onion with the application of K @ 180 k g h a  and S @ 

60 kgha and post harvest shelf life qualities like sprouting %, rotting % and weight 

loss % were recorded as the lowest in this combination 

Upadhyay and Patra (201 1) observed the interaction effect of calcium and 

magnesium when applied at the rate of Ca 200 + Mg 200 mg pot-' resulted in the 

maximum plant height (60.5 cm), number of branches per plant (70), number of 



flowers per plant (362), width of flower (2.66 cm), fresh weight of flower per plant 

(26.94 g) and oil content (1.10%) in chamomile. This combination also resulted in 

the best quality of oil with respect to chemical constituents. Akhtar et al. (2009) also 

obtained the same result in Menthapiperata. 

Karthikeyan et al. (2010) observed that number of tillers per plant in turmeric 

increased significantly with increased rates of application of potassium and 

magnesium. The treatment receiving 20 kg of KlOha and 20 kg of MgS04 recorded 

highest rhizome yield and tiller count. Curcumin content was also high (4.28 %) with 

this treatment. 

A significant variation in yield per plant as well as yield per hectare was 

noticed with sulphur and magnesium application in carrot. Maximum yield of 13.6 

t/ha was obtained with the application of 44 kg S h a  and 22 kg Mgha. Increase in S 

and Mg rates caused a sharp decline in yield of carrot but improved the yield and 

quality of turmeric (Bose et al, 2008). Results showed that inclusion of S and Mg in 

the fertilization schedule improved the fresh rhizome yield. A yield of 26 t/ha was 

obtained with 44 kg S/ha and 22 kg Mgha along with recomrnendedNPK dose. 



Plate 1 .  General view of the experimental field 



Plate 2. Foliage spread in Kacholam 

Plate 3. Harvested rhizomes 





3. MATERIALS AND METHODS 

The present investigation on 'Nutrient management for yield and quality improvement 

in kacholam (Kaempferia galanga L.)" was carried out in the Department of Agronomy, 

College of Horticulture, Vellanikkara during the year 2010-201 1. The materials used and 

the methodology adopted for the study are described in this chapter. 

3.1 General details 

The experiment was carried out in the Water Management Research Unit (a sub-centre 

of the Agronomic Research Station, Chalakkudy) located at Vellanikkara. 

Experimental site 

The area is located at 10'32' N latitude and 76'10'~ longitude and at an altitude of 

22.25 m above mean sea level. 

Weather and climate 

The area has humid tropical climate with more than 80 per cent of the rainfall distributed 

through south-west and north-east monsoon showers. Weather data are given in Fig I 

and 2. 

Sod characters 

The soil of the experimental site is sandy clay loam in texture, belonging to the order 

Ultisol. The soil is acidic in reaction with pH of 5.3. The physico-chemical 

characteristics of the soil of the experimental field are presented in Tablel. 
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Table 1. Physico-chemical properties of soil before the experiment 

3.2 Cropping history of the experimental site 

The experimental site was a wwnut garden, with 35 year old palms planted at a spacing 

of 7.5m x 7.5m. Kacholam was planted in the interspaces of coconut. 

3.3 Detaib of experiment 

The layout of the field experiment is given in Fig.3. The experiment was laid out in the 

interspaces of a coconut field in Randomised Block Design (RBD) with three 

replications. First two replications were iaid out as compact blocks. However, for the 
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third replication, a similar compact block was not available due to shade variation 

consequent to drying and death of palms. Hence the third replication was laid out as 

shown in the figure considering the availability of uniform shade to all the three 

replicarions. Considerable variation in soil fertility was not expected since the entire area 

of each replication was only 100 sq. meters. Planting was done on 3-06-2011. The 

variety used was Thodupuzha and the spacing adopted, 20 cm x 15 cm. Gross plot area 

was 8 m2 and net plot area, 4.47 m2. The experiment consisted of twelve treatments with 

different combinations of fertilizers. Treatments were applied one month and three 

months after planting. The first application was considered as basal application, applied 

after roots were established. Details are given in Table 2. 

3.4 Field operations 

The cultural operations were carried out as per the Package of Practices 

Recommendations (KAU, 2007) 

Land preparation 

The land was ploughed and leveled. Raised beds of 8.0 m length, 1.0 m width and 25 cm 

height were prepared using a bund former. Farmyard manure was applied at the time of 

bed formation as per treatment requirements. 

Planting and fertilizer application 

Planting was done during the month of May- June with the receipt of four to five pre- 

monsoon showers. Small pits were taken in the beds in rows at a spacing of 20 x15 cm. 

Rhizome bits were planted with a viable healthy bud facing upwards, at a depth of 4 to 5 

cm and then covered with soil. Mulching was done immediately after planting with 

coconut leaves as per the farmers' practice. Weeding and earthing up were done twice, 

at 60 days and 90 days after planting. Fertilizers were applied in channels taken in 

between rows as per treatments. The crop was rainfed. 



Harvesting 

The crop was harvested during the second week of January, when yellowing and drying 

of leaves was observed in the field. Rhizome yield was recorded from each bed after 

removing the border row. Yields from the net plot areas were expressed in terms of 

tonnes per hectare. 

""Package of practice recommendation 

Table 2. Treatments 

TI0 

T11 

TI2  

" MAP - months after planting 

- 

20 t 

- 

25:50:25 

- 

Absolute control 

25:0:25 

- 

- 



3.5 Field observations 

Sampling technique 

The border rows were avoided and six plants were selected from each plot and labeled 

for recording various morphological characters. Monthly observations for each 

morphological character were recorded from the same six plants and the mean 

values worked out. 

Biometric observations 

3.5.1 Number of shoots per plant 

Total number of shoots produced per plant was recorded at monthly intervals from 

the six sample plants. The averagewas worked out for each plot. 

3.5.2 Number of leaves per plant 

Total number of leaves produced per plant was recorded at monthly intervals 

from the sample plants in each plot and the mean values were worked out. 

3.5.3 Foliage spread 

Spread of the plant was .measured (using a scale) in two radial directions viz., 

North-South and East-West and the means were recorded. 

3.5.4 Fresh weight of rhizomes 

Rhizomes were harvested from the net plot areas separately for each treatment and the 

yields were expressed on per hectare basis. 

3.5.5 Dry weight of rhizomes and driage percentage 

Rhizomes were chopped into small pieces and then dried to constant weight at 

7 0 ' ~  to 8 0 ' ~  in a hot air oven. Dry rhizome yield per plot was calculated and 

expressed on per hectare basis. Driage was calculated from fresh and dry weight and 

expressed in percentage. 



Driage % = 100- {Fresh weight - Drv weight) 

Fresh weight 

3.6 Chemical analysis 

3.6.1 Soil analysis 

Initial and final status of nutrients in soil was estimated. Soil samples were collected and 

soil analysis was done for analyzing the status of major and secondary nutrients viz., 

organic carbon, available N, P, K, S, Ca and Mg using the standard procedures as shown 

in Table 3. 

Table 3. Methods used for chemical analysis of soil 

the ratio 1:2.5 read in pH 

acetate extract using flame 



3.6.2 Plant analysis 

Major and secondary nutrients were estimated in leaves at 2 % MAP, 5 MAP and also 

from rhizomes at 5 MAP and at harvest. Destructive sampling was done to estimate the 

nutrient contents. For this, eight plants were kept aside at one end of the plot outside the 

net plot area and uprooted. At 5 MAP, nutrients were separately estimated inleaves and 

rhizomes, while at harvest, rhizomes alone were analysed. After uprooting, the plant 

parts were cleaned, dried in a hot air oven at 70-80°c, powdered well and then analysed 

for major and secondary nutrients. The methods used for the analysis of different 

nutrients are given in Table 4. 

Table 4. Methods used for chemical analysis of plant samples 

5 S 2:l HNO,:HC104 
diacid digestion . 

Turbidimetric method 
using spectrophotometer 

Williams and 
Steinberg 
(1 959) 



3.6.3 Chlorophyll content in leaf 

Total chlorophyll content in the leaves was estimated at 2 % MAP and 5 MAP. The first 

fully opened leaves from top were selected as index leaves and were removed from the 

plants sampled for chemical analysis. For analysis, two grams of finely cut sample were 

taken in a beaker and 10 ml DMSO (dimethyl sulphoxide) solution was added. This was 

kept in a dark place overnight and the next day, made up to 25 ml in a volumetric flask 

after filtering. The chlorophyll content was read at two wavelengths, i.e., 663 and 645 

nm. Using the equations given below, chlorophyll a, chlorophyll b and total chlorophyll 

contents were estimated. Chlorophyll content of index leaves was estimated 

calorimetrically using spectrophotometer (Yoshida et al., 1972): 

Chlorophyll a = 12.7 X OD at 663nm-2.69 x OD at 645nm x V11000 x W 

Chlorophyll b = 22.9 x OD at 645nm-4.63 X OD at 663 nm X VI1000 X W 

Total chlorophyll = (8.02 X A663) + (20.2 X A645) x V11000 X W 

3.6.4 Plant uptake of nutrients 

Uptake of nutrients was estimated at 5 MAP and at harvest. Total uptake of-nutrients 

was calculated as the product of the content of the nutrients and the plant dry weight and 

expressed in kilograms per hectare. 

3.7 Quality attributes in kacholam 

Qualitative components in kacholam estimated in the study were the oleoresin and 

essential oil. 

3.7.1 Essential oil in rhizomes 

Essential oil content of rhizomes was estimated by steam distillation adopting 

Clevenger trap method as per AOAC (1980) and expressed in percentage. 



3.7.2 Oleoresin in rhizomes 

The oleoresin content of rhizomes was estimated by Soxhlet extraction as per AOAC 

(1980) and expressed in percentage. 

3.8 Statistical analysis 

The data were subjected to analysis of variance using the statistical package MSTAT-C 

(Freed, 1986). Duncan's Multiple Range Test (DMRT) was used to compare means 

(Duncan, 1955; Gomez and Gomez, 1984). 





4. RESULTS 

The results of the study on 'Wutrient management for yield and quality improvement in 

kacholam (Kaempferia galanga L.)" conducted in the Department of Agronomy, 

College of Horticulture, Vellanikkara during the year, 2010-201 1 are presented below. 

4.1 Vegetative growth of kacholam 

4.1.1 Number of leaves per plant 

Data regarding the number of leaves per plant were observed at third, fourth, 

fifth, sixth and seventh month and are given in Table 5. In general, throughout the period 

of observation, there was an increase in number of leaves from the 3rd month to 6" 

month, and thereafter a decreasing trend was noticed. During third and fourth months 

after planting, highest number of leaves was observed in T I  POP). At 5 MAP (months 

after planting), treatments T I  and T4 recorded the highest number of leaves. Maximum 

number of leaves was observed at 6 MAP. At 6 MAP also the number of leaves was 

more in TI ,  and was on par with T4. At 7 MAP, there was a decrease in number of 

leaves in all treatments and all the treatments from T I  to T9 were on par. During the 

entire period of observation, absolute control recorded significantly lower number of 

leaves. 

4.1.2 Number of shoots per plant 

The data pertaining to the number of shoots per plant are given in Table 6. In 

general the trend was similar to that of number of leaves. At 3 MAP, there was no 

significant difference in number of shdots between treatments. At 4 MAP, highest 

number of leaves was observed when S was applied as second top dressing at 3 MAP 

(T4). At 5 MAP, treatments T I  (POP), Tz (POP. less 10 t FYM) and T7, where extra dose 

of K was top dressed along with S at 3 MAP showed the highest number of shoots, and 

were on par with T* and T9 and Tq, in which S and Ca were applied as first and second 



top dressings. During 6 MAP, all the treatments from TI  to Tlo, except Ts, T6 and T7 

showed highest number of leaves. At 7 MAP there was a decrease in number of shoots in 

all treatments. At this stage, treatments T,, T4, Tg and Tg which received S as first and 

second top dressing and T7, where extra dose of K was top dressed along with sulphur, 

showed the highest number of shoots. In all months of observation the lowest number of 

shoots was observed in absolute control. 

Table 5. Number of leaveslplant as influenced by nutrient management in Kacholam 

*In a column, means superscribed by common letters do not differ significantly at 5% level by Duncan's 
Multiple Range Test (DMRT) 



Table 6 .  Number of shootslplant as influenced by nutrient management in Kacholam 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

4.1.3 North-South foliage spread per plant 

Data pertaining to the foliage spread (N-S) in different treatments of kacholam at 

different stages are presented in Table 7. Foliage spread (N-S) gradually increased and 

was maximum at 6 MAP and showed a decreasing trend from 7 MAP onwards, when the 

leaves started to dry. At 3 MAP, maximum foliage spread was observed when S and 

additional dose of K were top dressed 1 MAP (T6). The least was recorded by  TI^ 
(absolute control), which was on par with TI , ,  in which only FYM was applied. At 4 

MAP, maximum leaf spread were recorded in TI  (POP) and that receiving S as second 



top dressing (T4), which were on par with 7'7, where extra dose of K and S were top 

dressed 3 MAP and in Ts, where S and Mg was applied as first top dressing, During 5 

MAP also, TI and T7 attained the maximum foliage spread. At 6 MAP, Td and T7 

recorded the maximum foliage spread and  TI^ recorded the least foliage spread at all 

stages of growth. Treatment T7 recorded thehighest foliage spread in all months except 

the initial month and the maximum foliage spread of 24.45 cm was recorded at 6 MAP. 

In 7 MAP, T4 still showed the maximum foliage spread. The least was in absolute 

control. 

Table 7. North South foliage spread per plant (cm) as influenced by nutrient 

management 



4.1.4 East-West foliage spread per plant 

Table 8. shows the foliage spread of kacholam in E-W direction. +om the table it c o ~ ~ l d  

be observed that among the treatments, T7 in which S and K were top dressed at 3 MAP, 

resulted in more foliage spread up to 6 months after planting. At 3 MAP, there was no 

significant difference in foliage spread among treatments. In general there was an 

increase in the foliage spread up to 6 MAP. At 6 MAP, maximum foliage spread was 

observed in treatments T9, T7 and T4 where S along with extra doses of Mg and K and S 

alone were top dressed at 1 MAP and 3 MAP, and thereafter it decreased. At 7 MAP, the 

highest foliage spread was recorded in T3, where S was applied as first top dressing, 

which was on par with T9, in which S was applied as MgS04 and T2 (POP less 10 t 

FYM). At all stages, lowest values were recorded in the control plot. 



Table 8. East-West foliage spread per plant (cm) as influenced by nutrient management 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

4.1.5. Dry matter accumulation 

Dry matter accumulation was recorded at 2 % MAP and 5 MAP. At 2 % MAP, dry 

matter was more in the treatment top dressed with S as MgS04 (Tg), which was on par 

with Tz (POP less 10 t FYM), followed by T3, where S was applied along with first top 

dressing (Table 9). It was observed that when S alone was applied as first top dressing, 

dry matter accumulation was more, but when an extra dose of K was top dressed along 

with S, dry matter accumulation decreased. At 5 MAP, all the treatments, from TI to T9 



were on par except in Ts, where an extra dose of K was top dressed at 3 MAP. Tlo, in 

which only fertilizers were applied, and TI , ,  in which only FYM was applied, resulted in 

lower dry matter production. The least was in control (T12). 

Table 9. Dry matter accumulation as influenced by nutrient management 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

4.2 Rhizome yield and quality components 

4.2.1 Fresh rhizome yield 

Data on fresh and dry yields of kacholam at harvest are presented in Table 10. Harvest 

was done seven months after planting. Fresh and dry rhizome yields showed significant 



difference between the treatments. T3,,in which S was applied as first top dressing along 

with package of practice recommendation, and T9, where Mg was a!so top dressed, 

recorded the highest rhizome yield (8.56 and 8.24 tlha) and the yields obtained from 

these plots were about 47% more than control plot. There treatments were on par with T4 

and Ts, where S was given as second top dressing alone and along with Ca as first top 

dressing. But when an extra dose of K was top dressed along with S at 1 MAP and 3 

MAP (T6 and T7 respectively), the yield was reduced (5.80 and 5.99 ttha), while absolute 

control recorded the lowest yield. There was no significant difference between 

treatments with respect to driage per cent. 

Table 10. Yield of rhizome as influenced by nutrient management in kacholam 

I I I I 

I I I I I 
*In a column, means superscribed by common leners do not differ significantly at 5% level by DMRT 

I I I I 

I1 

12 

1 .66cd 35.0Sa FYM alone 

Absolute control 

4.74Cd 

4.43d 1 .55d .35.09a 



4.2.2 B:C ratios 

Comparing B:C ratios between treatments, reducing organic manure to half did not show 

any decrease in yield as compared to POP recommendations, instead, increase in B:C 

ratio was observed. Highest B:C ratio was observed in treatment receiving S alone and S 

along with Mg and having high yields. High B:C ratio of 2.5 was observed in treatments 

T3, T4 and Tg, where yields were also high. 

Table I I. B:C ratios as influenced by nutrient management 

1 1  

12 

FYM alone 

Absolute control 

2,37,100 

1,97,100 

3,49,020 

3,25,920 

1.5 

1.5 



4.2.3 Essential oil and oleoresin content 

Data regarding oil and oleoresin are given in Table 12. Oleoresin content of rhizomes 

ranged from 2.07 to 3.07 per cent. There was significant difference among different 

treatments. Oleoresin contents were more in T, and T4, which received S as first and 

second top dressing, and were on par with TI (POP), followed by Tlo, where fertilizers 

alone were applied. When an extra dose of K was top dressed along with S, oleoresin 

content decreased. The lowest content was in absolute control. In essential oil content 

also, T4 showed the highest value, followed by T9, T8, Tlo and T3. The lowest content of 

both oleoresin and essential oil were in T12 (control). 

Table 12. Oleoresin and oil content in rhizomes as influenced by nutrient management 

10 

1 1  

12 

'In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

2.87ab 

2.40'' 

2 .07~ 

50:50:50 kg N, P, K 

FYM alone 

Absolute control 

l.loab 

0.80~ 

0.80~ 



4.3 Elemental composition in leaves and rhizomes 

4.3.1 Content of major nutrients in leaves 

Major nutrient contents of leaves at 2 !h MAP and 5 MAP are given in Table 13. In 

general, N content was more in 5 MAP compared to 2 % MAP. At 2 % MAP, content of 

N in leaves ranged from 0.96 to 1.69 per cent, but at 5 month's stage, the content ranged 

from 1.10 to 1.94. Nitrogen content was found to be higher in T5 (1.69%) at 2 % MAP, 

where extra dose of K was given as second top dressing. But the content decreased at 5 

MAP. .At 5 MAP, treatment receiving POP recommendation (TI) recorded highest 

content of N, followed by T3, where S was given as first top dressing. At both months 

the lowest values were in absolute control. 

At 2 % MAP, highest P content was in T I  (0.3 1%). Content of P in leaves ranged from 

0.15 to 0.3 l per cent. But at 5 MAP, P content was more in Tq (0.28%), when S was 

applied as second top dressing. The least content was in absolute control. 

At 2 !4 MAP, K content was more in T5 (2.93%), where extra dose of K was given as 

second top dressing and this was on par with T7 (2.92%), in which, extra dose of K along 

with S was given as second top dressing. Compared to 2 !4 MAP, K content increased at 

5 MAP except in TI!, TI* and T9. At 5 MAP, K content was significantly higher in TS 

and T7 (3.1 5%). K contents were lowest in T12. 

4.3.2 Contents of secondary nutrients in leaves as influenced by nutrient management 

Secondary nutrient contents of leaves at 2 % MAP and 5 MAP are given in Table 14. 

Treatments T6 and T7, in which a higher dose of K was top dressed along with S, at 1 

MAP and 2 % MAP, showed higher S content as compared to other treatments at 2 % 

MAP. Content of S was less at 5 MAP compared to 2 % MAP. At 5 MAP, S content 

was more in T3 (0.17 %) where S was applied as first top dressing and this was on par 

with Tg, where K was supplemented along with S. At both stages, the lowest contents 

were in TI1 (FYM alone) and Tlz (absolute control). 



At 2 '/z MAP, Ca content was highest in Tg, wherein Ca was applied as first top dressing; 

the content was 57% more than in the control plot. At 5 MAP, Ca content was higher 

compared to 2 '/z MAP and was highest in Ts. The contents of Ca were least in T12. 

Comparing Mg contents in the two periods of observation, the content was more at 5 

MAP. At 2 '/z MAP, Mg content was highest in T9, which received Mg as first top 

dressing. But at 5 MAP, content was more in T5, where extra K was applied as second 

top dressing and the treatment where Ca was applied was significantly inferior. The 

content was lowest in absolute control 

Table 13. Contents of major nutrients in leaves as influenced by nutrient management 

Treatment 
No. Treatment 

N (%) P (%) K (%) 



Table 14. Contents of secondary nutrients in leaves as influenced by nutrient management 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

4.4. Nutrient contents in rhizomes of kacholam as influenced by nutrientmanagement 

4.4.1. Contents of major nutrients in rhizomes 

N contents in rhizomes at 5 MAP and at harvest are given in Table 15. At 5 MAP, TS (in 

which extra K was top dressed) showed the highest N content, and was on par with Tlo, 

where only fertilizer was applied, followed by all other treatments except T I ]  (FYM 

alone). At harvest, the treatment receiving fertilizer alone (Tlo) had the highest N 

content. Lowest values for N content were registered in absolute control and TII,  where 

only FYM alone was applied. At 5 MAP, P content in rhizomes was not significantly 

different among treatments. At harvest, P.content was more in Tq (0.24%), in which S 



was applied as second top dressing along with package of practice recommendation, and 

was on par with TI (0.23%). All other treatments except T.5 recorded values on par with 

one'another. In most of the treatments, there was not much difference in P content 

between the two stages, that is, at 5 MAP and harvest. With regard to K content, there 

was no significant difference between treatments at 3 MAP. There was no difference in 

K content of rhizomes at 5 MAP and at harvest except in T4 and Ts. At harvest, K 

content was more in T7 (which was top dressed with a higher dose of K along with S at 3 

MAP) but the content was the same as that at 5 MAP and was on par with all treatments 

from T I  to T6. 

Table 15. Content of major nutrients in rhizomes as influenced by nutrient management 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 



4.4.2 Contents of secondary nutrients in rhizomes as  influenced by nutrient 
management 

At 5 MAP, when rhizomes were in the initial stage of development, S content was less 

compared to rhizomes at harvest. At 5 MAP, the content was highest in T7 (0.19%), 

where K and S were app1ie.d as second top dressing, followed by Ts (0.13%), in which S 

and Ca were top dressed. At harvest, T3, where S was top dressed at 1 MAP showed the 

highest S content (0.3 I%), and increase was 58% compared to S at 5 MAP. Ta, in which 

S was applied as second top dressing registered the second highest values for S content 

in rhizomes. Tj was significantly superior to all other treatments, with respect to S 

content. 

At 5 MAP, the highest Ca content was in Ts, the treatment receiving Ca and S as first top 

dressing, and was on par with Ts, where extra K was top dressed at 3 MAP. At harvest, 

Ca content was highest in this treatment (Ts), and Ts was on par. 

Magnesium content was generally less in rhizomes at harvest compared to rhizomes at 5 

MAP. At 5 MAP, Mg content was more in the treatment receiving S top dressing at 3 

MAP (T4), and in TI (POP). At harvest, Mg showed highest value of 0.23% in Ts, where 

extra dose of K was top dressed and in T3 where S was top dressed at 1 MAP. Mg 

content was least in absolute control. 



Table 16. Contents of secondary nutrients in rhizomes as influenced by nutrient 
management 

4.5. Uptake of nutrients 

4.5.1 Uptake of different nutrients a t  5 MAP in leaves as influenced by nutrient 
management 

Uptake of different nutrients was also estimated at 5 MAP in leaves and the data are 

presented inTable 16. Highest nitrogen uptake of 28.48 kglha was noticed in TI (POP) 

and was followed by the treatment where S was top dressed 3 MAP (T4), T6 (where K 

and S were top dressed 1 MAP), and Tt (POP less 10 t FYM). Treatments T6 and Tq, in 

which S was top dressed with and without an extra dose of K, recorded the highest 



pliosphorus uptakes of 3.87 and 3.41 kdha respectively: Highest uptake of K was 

noticed in Tg (42.43 kglha). Highest Ca and Mg uptake were also observed in this 

treatment. In S uptake, there was no significant difference between treatments. Nutrient 

uptake was least in absolute control. 

Table 17. Uptake of different nutrients at 5 MAP in leaves as influenced by nutrient 
management 

4.5.2 Uptake of different nutrients a t  5 MAP in rhizomes as influenced by nutrient 
management 

10 

1 1  

12 

Data on uptake of different nutrients estimated in rhizomes at 5 MAP are presented in 

Table 18. Highest nitrogen uptake was noticed in Ts (15.85 kg/ha), where extra dose of 

K was applied as second top dressing and TI (15.45 kglha). This was on par with Tg 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

5 0 5 0 5 0  kgN,P,K 

FYM alone 

Absolute control. 

8.75e' 

8.59e' 

5.85' 

1.38" 

1.51ae 

1.17e 

16.93e 

12.51' 

9.68' 

0.66a 

0.65" 

0.41' 

3.87= 

3.17e' 

2.52' 

1 .95d 

2 . 1 3 ~  

1.91d 



(15.05 kglha) in which S was top dressed as MgS04. TI  (POP) and T3, the treatment 

where S was applied as first top dressing, recorded the highest phosphorus uptake of 

3.04 and 2.92 kglha. In the case of K and S, there was no significant difference between 

treatments. Highest Ca and Mg uptakes were observed in T7, where extra dose of K was 

applied along with S as second top dressing (Table 18). Nutrient uptake was least in 

absolute control. 

Table 18. Uptake of different nutrients at 5 MAP in rhizomes as influenced by nutrient 
management 

I I 

12 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

FYM alone 

Absolute control 

8.47' 

8.27' 

1.56~' 

1.38' 

1 1.19a 

10.14" 

0.73' 

0.66= 

3 . 1 2 ~ ~  

1 .9ge 

2.19~" 

1.92' 



4.5.3 Uptake of different nutrients in rhizomes a t  harvest as influenced by nutrient 
management 

Data on uptake of nutrients in rhizomes at harvest are given in Table 19. Highest 

nitrogen uptake was noticed in T9 (in which S and Mg were applied as first top dressing) 

and was on par with the treatment that received S as second top dressing (T4), while Tq 

recorded the highest phosphorus uptake (6.64 kgtha). Potassium uptake was also highest 

in this treatment. In case of Ca, highest uptake was in T8, in which S and Ca were 

applied as first top dressing, whereas Tg (POP+S+Mg) showed the highest Mg uptake, 

and were on par with TI and Ta, where S was top dressed at 1 MAP and 3 MAP 

respectively. S uptake was more in T4, which was on par with T], followed by Tg, which 

received an extra dose of K along with S as first top dressing. Nutrient uptake was least 

in absolute control. 

4.6. Chlorophyll content in leaves 

Chlorophyll content in leaves was estimated at 2 % MAP and 5 MAP and data are given 

in Tables (20 and 21). Total chlorophyll content was higher at 5 MAP compared to 2 % 

MAP. At 2 % MAP, TI (POP) showed maximum chlorophyll a and total chlorophyll 

content compared to other treatments. The ratio of chlorophyll a to b was highest in Tq at 

2 % MAP and in Tg at 5 MAP. But chlorophyll b was higher in treatments T7, T6, T2 and 

Ts, followed by all other treatments. At 5 MAP, there was no significant difference in 

chlorophyll a and b among treatments. Total chlorophyll content showed significant 

differences and was highest in TI .  The least content was in control. 



Table 19. Uptake of different nutrients at harvest as influenced by nutrient management 

Treatment No 

lumn, means superscribed by common letters do not differ significantly at 5% level by DMRT 



Table 20. Chlorophyll content (mg g-') in leaves at 2 !h MAP as influenced by nutrient 
management 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 



Table 21. Chlorophyll content (mg g") in leaves at 5 MAP as influenced by nutrient 
management 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

4.7 Path analysis 

To find out the level of contribution of major and secondary nutrients at various growth 

stages on the development of quantitative and qualitative yields, path co-efficient 

analysis was carried out. The four dependent characters in the study were fresh rhizome 

yield, dry rhizome yield, oleoresin content and essential oil content. The results are as 

follows. 



Table 22a. Direct and indirect effect of nutrients and qualitative components on fresh rhizome yield 

L" 
P 

L-in leaves at 5 MAP R-in rhizomes at 5 MAP H-in rhizomes at harvest 



Table 22b. Direct and indirect effect of nutrients and qualitative components on fresh rhizome yield 

tn 
N, 



Table 22c. Direct and indirect effect of nutrients and qualitative components on fresh rhizome yield 

ln 
" .  

I 

Residual 0.0021 



4.7.1 Correlation with fresh rhizome yield 

Data on the direct and indirect effects of major and secondary nutrients in the 

leaves and rhizomes at 5 MAP, and in the rhizomes at harvest as well as oleoresin 

content, essential oil content and dry rhizome yield on fresh rhizome yield are presented 

in Tables 22a, 22b, 22c. The correlation with nutrient contents in leaves at 5 months 

after planting (MAP) are recorded in Table 22a , and in rhizomes at 5 MAP in Table 

22b, and in rhizomes at harvest in Table 22c . 

The direct contribution of nutrient contents in leaves and rhizomes at five month 

stage (Table 22a. and Table 22b.) revealed that the effects were not striking. But at 

harvest (Table 22c.), the K content showed significant positive effect on fresh rhizome 

yield (1.9967). Dry rhizome yield showed high positive and direct effect on fresh yield 

(0.9286). At this stage, direct effects of oleoresin and essential oil on fresh rhizome yield 

were not significant. 

Comparing the values of correlation co-efficients, it was seen that the Ca, Mg 

and S contents in leaves and rhizomes at 5 MAP, and the N and K contents in leaves and 

P content in rhizomes at 5 MAP as well as the Mg and S contents in rhizomes at harvest 

showed high positive correlations with fresh rhizome yield. At 5 MAP, while in the 

leaves, nutrients did not exert indirect effect on each other, in the rhizomes, K contents 

were seem to have negative indirect effects on P, Ca, Mg and S contents. These were 

negated to some extent by indirect effect of dry rhizome yield. At harvest high indirect 

positive effects of K in rhizomes along with dry rhizome yield may have resulted in high 

positive correlation values for Mg and S in rhizomes. 

4.7.2 Correlation with dry rhizome yield 

The direct effect of nutrient contents of leaves at five monihs stage on dry 

rhizome yield was less (Table 23a.). However, K content of rhizomes at five months 

stage (Table 23b.) showed high positive effect (2.1544). This effect, however, was 



Table 23a. Direct and indirect effect of nutrients and qualitative components on dry rhizome yield 

Oleoresin 1 -0.0091 1 0.0084 10.0081 1 -0.0043 1 -0.0048 1 -0.0241 1 0.4457 1 0.0087 1 -0.0021 1 0.5316** 
Oil 1 -0.0072 1 0.0001 1 0.0157 1-0.0027 1 -0.0100 1-0.0392 10.3652 1 0.0018 1-0.0105 1 0.4281** 

L-in leaves at 5 MAP R-in rhizomes at 5 MAP H-in rhizomes at harvest 

I N (L) I p (L) I K (L) I Ca (IA) I Mg (L) I S, (L) I FY I Oleoresin I Oil rc 

N(L) ! -0.0220 1 -0.0014 10.0181 1 -0.0036 1 -0.0095 1 -0.0393 1 0.5179 1 0.0036 1 -0.0034 1 0.4701** 



Table 23b. Direct and indirect effect of nutrients and qualitative components on dry rhizome yield 
~ ~ 

Mg(H) 

S(H) 
FY 

Oleoresin 
Oil 

0.0085 

-0.0018 
0.0029 

0.0010 
0.0029 

0.0088 

0.001 1 
0.0060 

0.0061 
0.005 1 

0.1355 

1.0756 
0.0149 

0.2350 
0.3141 

-0.0036 

-0.0036 
-0.0019 

-0.0008 
-0.0037 

-0.0005 

-0.0004 
-0.0006 

-0.0009 
-0.0005 

-0.0017 

-0.0056. 
-0.0040 

-0.0006 
-0.0043 

0.5766 

0.4805 
0.0057 
1.0638 
0.3652 

0.0027 

0.0034 
0.0037 , 

0.0087 
0.0018 

-0.0049 

-0.0042 
-0.0063 

-0.0021 
-0.0105 

0.0097 

-0.0096 
0.4049** 

0.5316** 
0.4281** 



Table 23c. Direct and indirect effect of nutrients arid qualitative components o n  dry rhizome yield 
.. 
i 

wl 
? 

Residual 0.0024 



diametrically opposite at harvest (-2.1494), becoming highly negative (Table 23c.). 

Fresh rhizome yield had high indirect positive effect on dry rhizome yield (1.0638). 

Comparing correlation' co-efficient values, high positive correlation was 

obtained between N, K, Ca, Mg and S contents in leaves at 5 MAP with dry rhizome 

yield. However in the rhizomes at the same stage, K content was seemed to exert 

significant high positive effects indirectly on P, Ca and S contents to give correlation co- 

efficient values of 0.2604, 0.2406.0.2046 respectively. N and P contents of rhizomes at 

harvest also showed high positive correlation co-efficient values with dry rhizome yield. 

Here high indirect negative effect of K content in rhizomes was observed. Fresh yield 

exerted positive indirect effect. High direct and indirect positive correlation of fresh 

rhizome yield probably resulted in high co-efficient values for oleoresin, essential oil 

and fresh rhizome yield with dry rhizome yield. 

4.7.3 Correlation with oleoresin content 

Nitrogen and Mg contents in the leaves at 5 MAP showed direct positive effect 

on oleoresin content (0.4476 and 0.1 13), while P and S showed high negative direct 

influences (Table 24a.). In the rhizomes at the same stage, K, Ca and P showed high 

negative effect while Mg had direct positive effect on oleoresin content (Table 24b.). At 

harvest, the effect was reversed, with K, Ca, S N and P showing high positive effects, 

while Mg had negative effect (Table 24c.). While fresh rhizome yield and essential oil 

had high negative effects on oleoresin content (-0.8391 and -0.1258), dry yield showed 

high positive effect (1.1561). 

Contents of N, Ca, Mg and S in leaves at 5 MAP showed high positive 

correlation value with oleoresin content in rhizomes. This can partly be accounted for by 

direct and indirect positive effects of N in leaves. Phosphorus, K and S contents of 

leaves at 5 MAP were seen to produce negative effect indirectly on Mg content, while N 

exerted a positive influence. In the case of S in leaves also, positive indirect effect of N 

was observed. For all the elements at all the stages, fresh and dry rhizome yields showed 



Table 24a. Direct and indirect effect of nutrients and yields on oleoresin 

DY 
Oil 

. N(L) 1 0.4476 1 -0.0135 1 -0.0753 1 0.00!6 1 0.0407 1 -0.1597 1 -0.4085 1 0.5435 - 1  -0.041 1 1 0.4124** 

Oil DY rc FY N(L) 

L-in leaves at 5 MAP R-in rhizomes at 5 MAP H-in rhizomes at harvest 

0.2104 

0.1464 

p(L) 1 K(L) I Ca(L) I Mg(L) I s(L) 

0.0687 

0.0012 

-0.0496 

-0.0655 

0.0030 
0.0012 

0.0346 

0.0480 

-0.1659 

-0.1940 

-0.8266 

-0.5010 

1.1561 
0.6337 

-0.0690 1 0.4049** 

-0.1258 1 1.0000** 



Table 24b. Direct and indirect effect of nutrients and yields on oleoresin . 



Table 24c. Direct and indirect effect of nutrients and yields on oleoresin 

m 
v 

Residual 0.3239 



contradictory indirect effects which might have negated each other. Phosphorus and Mg 

in the rhizomes at 5 MAP recorded significantly high positive correlation values of 

0.2420 and 0.3125 with oleoresin content. High negative direct effects of K as well as 

the negative direct effect of P may have been countered to some extent by positive 

indirect effect of Mg. With regard to Mg, again K in rhizomes along with Ca exerted 

high negative indirect effect. But the direct positive effect of Mg was also evident. Here 

again, fresh rhizome yield exerted negative effect while dry rhizome yield had positive 

influence. Contents of N, P, Mg and S of rhizomes at harvest also showed positive 

correlation with oleoresin content. This may be partially due to their own direct effect, 

and also due to high indirect positive effects of K, Ca, and S in rhizomes. 

4.7.4 Correlation with essential oil 

Table 25a, 25b, and 25c. depict the direct and indirect effect of nutrients on 

essential oil content of rhizomes. With respect to direct effects, at 5 MAP, leaf contents 

of K and Ca had high negative effects, while that of Mg and S were highly positive. In 

the rhizome at the same stage, K and N showed high negative effects (-0.831 8 and- 

0.2656) while Ca had positive effect (0.6141). At harvest, effects of N, P, K and Mg 

were positive, while those of Ca and S were negative. Fresh rhizome yield had direct 

positive effects and dry yield and oleoresin content had direct negative effect on 

essential oil contents. 

Correlation co-efficient values were significant and positive for N, Mg and S in 

the leaves at 5 MAP and in the rhizomes at harvest. Phosphorus and Ca in rhizomes at 5 

MAP and at harvest were significantly and positively correlated with essential oil 

content, while K showed such an effect oniy at 5 MAP in the leaves. The data showed 

that indirect effects of nutrients in the lcaves at 5 MAP were mainly in the form of 

negative effects of K and positive effects of Mg and S. In the rhizomes at the same stage, 

while K again showed indirect negative effect, here the positive indirect effects were 

mainly due to Ca. At harvest stage, K was the only nutrient to show high positive 

indirect effect, and this was evident on the nutrients N, P and S. Fresh rhizome yield, dry 



Table 25a. Direct and indirect effect of nutrients and yields on essential oil 

! 

8 ;  

L-in leaves at 5 MAP R-in rhizomes at 5 MAP H-in rhizomes at harvest 



Table 25b. Direct and indirect effect of nutrients and yields on essential oil 

Mg(H) 
S(H) 
FY 
DY 

Oleoresin 

-0.1097 
0.0230 
-0.0373 
-0.0339 
-0.0131 

-0.0204 
-0.0026 
-0.0141 
-0.0152 
-0.0142 

-0.0523 
-0.4153 
-0.0058 
-0.0043 
-0.0907 

0.2399 
0.2374 
0.1277 
0.1256 
-0.0500 

0.0109 
0.0095 
0.0127 
0.0151 
0.0200 

0.0030 
0.0097 
0.0070 
O.CO64 
0.0010 

0.7258 
0.6049 
1.3391 
1.3191 
0.561 1 

-0.6275 
-0.5053 
-1 .I 626 
-1.1803 
-0.4779 

-0.0333 
-0.0418 
-0.0448 
-0.0433 
-0.1070 

0.4714** 
0.4033** 
1 .OOOO** 
0.5971** 
0.2018* 



Table 2%. Direct and indirect effect of nutrients and.yields on essential oil 

I 

Residual 0.2754 



rhizome yield and oleoresin content also showed significant positive correlation CO- 

efficient values of 1.0000, 0.5971 and 0.2018 with essential oil content. Negative 

indirect influences by dry rhizome yield and oleoresin were overcome by positive 

influence of fresh rhizome yield. 

Residual values of 0.0021 and 0.0024 were obtained when fresh rhizome yields 

and dry rhizome yields were taken as the dependant characters. In the case of oleoresin 

and essential oil, corresponding values were 0.3239 and 0.2754, indicating the 

involvement of other characters which are not considered in the analysis, on quantitative 

and qualitative yield components. 

4.8 pH and nutrient content in the soil 

4.8.1 pH 

Before the experiment, pH of the soil was 5.3. Slight increases in values were noticed 

after the experiment. Highest value was observed in Ts, where S and Ca was given as 

first top dressing. 

4.8.2 Organic carbon 

Significant variations existed among the various treatments with regard to the organic 

carbon content (Table 26). Before the experiment, organic carbon content in the soil was 

1.08 per cent. After the experiment, the highest value was recorded for TI (POP) and the 

least value was in absolute control (TIz), and T I , ,  where only FYM.was applied and Tg, 

in which Mg was applied along with S as first top dressing. Under high quantity of OM 

@ 20 tonne ha-' as in the experiment, the decomposition and mineralization may be 

higher particularly in the absence of chemical fertilizers. Under higher decomposition 

rate, the organic carbon content in the soil can be less. 

4.8.3 Available nitrogen 

Available nitrogen in the soil also showed significant variations among the various 

treatments. At the pre planting stage, content of  available nitrogen was 756 kg per 



hectare. Crop cultivation resulted in decreased available N content after the experiment. 

After the experiment, the highest value was recorded in the treatment receiving Ca along 

with s as first top dressing (Ts), followed by T3, where S was applied as first top 

dressing. The lowest value was recorded in absolute control (T12). 

4.8.4 Available phosphorus 

The initial value of phosphorus recorded in the soil was 22.3 kg ha.'. After the 

experiment available P contents were seen to increase, except in absolute control. The 

highest value was recorded in the treatment TI  (POP), followed by Ts (33.56 kgha) 

where Ca along with S was applied as first top dressing. Other treatments were on par 

except T I I ,  in which only FYM was applied, and T12 (absolute control), which recorded 

the lowest values. 

4.8.5 Available potassium 

Analysis of soil for available potassium also showed significant variations among the 

various treatments with contents increasing after the experiment. Before the experiment 

potassium content in the soil was 356 kg ha". Afterwards the highest value of 417.21 

kglha was recorded by the treatment Tg, where extra dose of K was applied along with S 

as first top dressing, and was on par with Tl(POP), followed by the treatment receiving S 

as first top dressing (T,) and the least by Tl2. 

4.8.6 Available sulphur 

Available sulphur in soil before the experiment was 21.03 kg ha-'. After the experiment, 

sulphur content showed variation among the treatments. The highest value was recorded 

in TS (21.98 kglha), where an extra dose of K was applied as second top dressing, 

followed by Tg, in which S and Mg were top dressed IMAP, and the lowest value was in 

absolute control (TI2). 



4.8.7 Available calcium and magnesium 

Before the experiment the contents of Ca and Mg in the soil were 76.16 and 22.41 kg/ha 

respectively. After the experiment calcium content was highest in the treatment where 

Ca and S were top dressed (Ts). Other treatments were on par except TI] ,  in which only 

FYM was applied and absolute control (TI*), In the case of Mg the highest value (29.12 

kg/ha) was recorded in TI (POP), followed by the treatment in which both S and Ca were 

applied as first top dressing (Ts). In both the cases the lowest value was in Tlz. 

Table 26. pH and major nutrient contents in soil before and after the experiment 

POP+ S-3 MAP 

I I I 
*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 



Table 27. Secondary nutrient contents in soil before and after the experiment 

Mg (kg/ha) 

22.41 

After the experiment 

*In a column, means superscribed by common letters do not differ significantly at 5% level by DMRT 

Before the 
experiment 

s (kg/ha) 

21.03 

Treatment Ca (kglha) 

76.16 
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5. DISCUSSION 

Nutrient effects on vegetative growth and dry matter accumulation 

Kacholam (Kaem3feria galanga L.) is a medicinal plant with a distinct 

growth habit. The plant produces a limited number of overlapping persistent leaves 

and shoots which grow in a cluster. The leaves and shoots, which are the sites of 

photosynthesis were seen not to be influenced to a significant level by nutrient 

variations. 

Observations on leaf number (Table 5) show that there was a progressive 

increase in number up to six months, and after which there was a decline, associated 

with senescence. Leaf number was lower in the treatment where manures and 

fertilizers were not provided and was not affected by nutrient supplementation to 

package of practice recommendations. Similar findings were reported by 

Maheswarappa et al. (2001) in kacholam, where combination of organic manure with 

chemical fertilizer resulted in better growth of the crop as reflected in more number 

of leaves. Similarly, shoot number remained at an almost fixed level, ranging from 

2.33 to 3.33, indicating that these characters were not influenced by the combination 

of nutrients. Only the total avoidance of fertilizer and manure application (T12) could 

bring about a significant decline in vegetative growth. 

A difference in the trend of development was noticed in leaf expansion and 

in foliage spread (Table 7 and Table 8) measured in two opposite directions at five 

months after planting. A greater leaf expansion leads to more effective 

photosynthesis and subsequently improved rhizome production. In kacholam, 

rhizome development begins at the fourth month and is greatest at the fifth and sixth 

months. Foliage spread was seen to be significantly greater in some treatments, 

notably in TI  (Fig.4 and Fig.S), i.e., package of practice recommendations and where 

S, and S along with an additional dose of K were top dressed three months after 

planting (T4 and T7). In these three treatments all round foliage spread was found to 

be maximum, where S was applied as first top dressing and where S and Mg were 
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applied as second top dressing and also when FYM alone was applied (TII), leaf 

expansion in the North- South direction alone was favourably influenced. The 

favourable influence of S, K and Mg on leaf expansion is indicated. A similar finding 

with regard to K application in kacholam was reported by Gangadharan (2003). 

Medda and Hore (2003) also observed that higher doses of N and K produced higher 

leaf dimensions in turmeric. However, the differences in leaf spread were not visible 

at 6 months stage and thereafter, except in absolute control, which was significantly 

inferior throughout. 

Dry matter accumulation at 5 MAP (Table 9) was similar in all treatments except 

where additional K was top dressed and where fertilizers and manures were applied 

separately or were not applied at all, in which case DMA was less. The better 

performance of crops both vegetatively and in yield production due to the combined 

application of organic manures with chemical fertilizers have been reported in 

various medicinal plants like kacholam (Maheswarappa et al., 2000), Solanum 

nigrurn (Shivanna er al., 2007), Plantago ovata (Lekhchand and Dadheesh, 2008) 

and Phyllanthw amarus (Kumar et al., 2010). 

Nutrient efffeets on yield and quality 

Rhizome yield and yields of essential oil and oleoresin are equally important in 

kacholam. The qualitatively important components are synthesized from the primary 

photosynthates and stored in the rhizomes. Hence the development of both should 

proceed in a balanced manner. 

Kacholam is h a w e d  seven months &r planting, by which time complete 

senescence and drying of the leaves would have o c c d .  Results show that 

significantly higher yields, both h s h  and dry, were obtained when S was top dressed 

at one and three months after planting, and when along with S, Ca or Mg was also 

applied (Table 10 and Fig.6). This corresponded, to some extent, in treatments where 

leaf expansion was greater. 
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The dose of N seems to be adequate for growth and yield of kacholam. However, 

from the data on soil contents of available P (Table 26), it appears that the P dose is 

more than required, and a reduction can be considered. 

The effect of S on increasing rhizome yields was strongly indicated (Table 10). 

Sulphur is reported to play a major role in increasing nitrogen use efficiency (Fismes 

et al., 2000; Kopriva and Rennenberg, 2004). Sulphur is also observed to play a role 

in the proper utilization of phosphorus and potassium in plants (Kumar and Singh, 

1994). Rhizome yields were also seen to be significantly higher when sulphur was 

applied in combination with calcium or magnesium. Gangadharan (2003) had 

speculated on the improvement in the development of quantitative components in 

kacholam by the application of MgS04 one month after planting. Similarly, Singh 

and Dwivedi (1993) reported maximum tuber yields in potato when sulphur was 

applied through gypsum. Increased potassium doses, even when combined with 

sulphur, produced less yields as compared to application of sulphur, or sulphur with 

calcium or magnesium along with recommended nutrient doses. The &age showed a 

different trend, with application of f e r t i l i i  alone, including a higher dose of K, 

recording the highest value of 36.69 %. However, the values were not significantly 

different (Table 10). 

The data also showed that reduction of the organic manure dose to half did not 

reduce yield as compared to POPR, indicating the possibility of reducing the organic 

manure recommendation. Supplementing K, S, Ca and Mg with a reduced organic 

manure dose would therefore be effective in optimizing yields. 

A perusal of the qualitative components in the rhizomes (Table 12 and Fig.7) 

revealed that accumulation of essential oil strongly followed the trend of rhizome 

yield. Treatments including sulphur application, either alone (T3 or T4) or with 

calcium or magnesium (Ta and Tg) along with recommended package of practices 

resulted in higher essential oil yields. Oleoresin contents followed a slightly different 

pattern. Though treatments T3 and T4 exerted superiority here also, application of 

fertilizers alone with higher dose of K, and the treatment receiving recommended 

POP were on par. Ca and Mg application did not improve oleoresin contents. 



Combined application of N and S has been reported to increase the quercitin content 

in Pluchea (Kumar et al., 2004). while Lalitha et al. (1997) recorded higher starch 

and protein contents in potato when K and S were combined. 

Data on uptake of nutrients revealed that integrated nutrient management 

resulted in higher uptake of all nutrients at five months stage (Table 17). The 

treatment receiving package of practices recommendations recorded highest uptake 

of N, which was in line with higher vegetative growth in terms of leaf number, shoot 

number and foliage spread. Top dressing with S also resulted in high N uptake, but 

K, Ca and Mg were seen to decrease N uptake. Reduction of farmyard manure to half 

the recommended dose (T2) had a depressing effect on uptake of N, K, S and Mg and 

can be related to lower supply of these elements. S when top dressed alone at one 

month stage, increased N and S uptake, but K and Ca uptake were low. Second top 

dressing of K and S resulted in increased uptake of P, K and Mg indicating the need 

for these elements at later stages of growth. 

Nutrient uptake figures in rhizomes at harvest (Table 19) indicated the 

beneficial effects of top dressing with S three months after planting (T4). Highest 

values for uptake of N, P, K, S and Mg were obtained with this treatment. It also 

corresponded with highest rhizome yield, oleoresin and essential oil content. It was 

also seen that the treatments including top dressing with S, Ca and Mg (Ts and Tg) 

also corresponded with increased uptake values of N, P, Ca and Mg (Table 12) and 

were reflected in increased essential oil contents. 

Chlorophyll content in leaves at two and half and five month's stage was seen 

to be highest in T1, which was given nutrients as per package of practices 

recommendation, and was reflected in the high N uptake in this treatment (Table 20 

and 21). Similar results were observed by Maheswarappa et al. (1999) in arrowroot. 

High chlorophyll a:chlorophyll b ratio in treatments T, and Tq, where S was top 

dressed indicated higher photosynthetic efficiency and gave further evidence of the 

role of this element in increasing yield and quality. 
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Elemental contents in leaves and rhizomes and effect on productivity 

The nutrient contents in leaves and rhizomes showed varying trends (Table 13,14,15 

and 16). In general, it could be observed that in absolute control and in treatments 

where either farmyard manure or fertilizers were avoided (Tloand TI ,), contents were 

significantly lower (Fig.8,9,10,11,12,13,14 andl 5). Another observation was that P 

content did not vary with treatments, indicating that P is not a limiting factor. K 

contents were also not significantly different in treatments receiving both farmyard 

manure and fertilizers. 

Path analysis 

Path co-efficient analysis revealed that elemental contents of leaves and 

rhizomes at 5 MAP (months after planting) did not have any significant and high 

direct effects on fresh rhizome yield. However, K content of rhizomes at harvest 

stage was seen to have significant positive influence. Dry rhizome yield was also 

seen to be significantly and positively affected by K content of rhizomes at 5 month 

stage (Table 23b.). At harvest stage however, K was seen to exert high negative 

influence on dry rhizome yield (Table 23c.). Thus with regard to rhizome yield, it can 

be concluded that K application has a direct positive effect on fresh yield, but not on 

dry yield. Other nutrients did not seem to significdy intluence rhizome yield. This 

indicates the role of K, and possibility of higher K doses significantly 

increasing yield. The assumption that higher K levels can increase yield is thus 

confirmed. 

The qualitative components of kacholam are the oleoresin and essential oil. 

At 5 MAP, when rhizomes are developing, but qualitative development is expected 

to be just beginning, N and Mg in leaves were found to have positive impact, while 

P, K and S were seen to be inhibitory. In rhizomes at this stage, the inhibitory 

influence of K and Ca were very high (-20149 and -0.7787), while Mg again was 

found to have promoting effect. This effect was reversed at the harvesting stage of 

kacholam, when K, Ca and S were found to have high significant positive effects on 

oleoresin content, while Mg had depressing effect. At this stage, N continued to have 
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positive effect, but to a lesser extent than that of K, Ca and S. The results clearly 

point to the role of N and Mg having definite roles in early development and 

photosynthate accumulation, and K, Ca and S being involved at later stages in 

oleoresin development (Table 24c.). 

The data on essential oil content showed a different trend. At early stages, i.e. 

at 5 MAP, while just as in oleoresin development, K and Ca showed direct negative 

effects, Mg and S showed high positive influence. At this stage, in the rhizomes, N 

and K showed inhibitory effects while Ca had high promoting effect (Table 25b.). At 

harvest, K showed high positive effect (0.6819), along with N (0.2284) and Mg 

(0.1782), while, Ca and S were seen to be inhibitory (Table 25c.). The role of K in 

essential oil development again seems to be indicated, but Ca, Mg and S seem to be 

involved in a different manner from that in oleoresin formation. Mg appears to be 

involved significantly in essential oil development, while Ca and S seem to play 

lesser roles. Different pathways and involvement of different nutrients in 

development of the qualitative components, oleoresin and essential oil are indicated. 

Higher rhizome yields in kachol~m were obtained when S was applied in 

combination with calcium or magnesi:~m (Table 22c.). Path coefficient analyses 

indicate that these elements play an important role in development of oleoresin and 

essential oil. The role of K in improving qualitative components is evident, and is 

probably due to interactive effects with other elements, particularly N. Similar results 

have been obtained in ginger (Haque er al., 2007) and cassava (Suja et al., 2006). 

Interactions of K and S leading to improved yields and quality have been reported in 

potato (Lalitha et al., 1997) and onion (Nandi et al., 2002). 

From the above discussion, it is evident that a nutritional management system 

that includes the secondary nutrients at different phases of growth would maximize 

yield and quality of Kaempferia galanga. The nutrient application strategy should be 

based on the following: 

1. N dose recommended as per package of practices was seen to be sufficient for 

vegetative growth and for development of quantitative and qualitative yields. 



2. Reduction of the recommended dose of P can be considered. 

3.  Change in N:K ratio, or increasing the K dose, did not have positive effect on 

yield. However, K had significant effect on development of rhizokes as well 

as on oleoresin and essential oil contents. As the effect is evident in later 

stages, supplying an additional dose of K at a later stage, i.e., at 4 or 5 month 

stage is to be tried. 

3. Sulphur and Ca, Mg all had significant positive effects on rhizome yield and 

on essential oil and oleoresin contents. Sulphur was seen to have a 

pronounced effect. Trials with varying doses of these elements for amving at 

the optimum combination are called for. 

4. Reduction of FYM to 50% of the recommended dose did not reduce rhizome 

yields or qualitative components as compared to POPR. Reduction in yield 

compared to other treatments can be offset if K, Ca, Mg and S are provided 

by way of fertilizers. A combination of half the recommended organic 

manure dose along with N, P, K, Ca, Mg and S would promote optimum 

yields. 

Future thrust 

Future line of work should be focused on the following : 

Reduction of the recommended dose of P is to be considered. 

Fixing the dose and schedule of application of S, Ca and Mg to maximize 

productivity. 

Supplementing Ca, Mg and S at reduced organic manure levels should be 

tested. 

Inclusion of N biofertilizers and P and K solubilizing microorganisms 



Investigating the role of micronutrients and micronutrient management for 

higher yield and quality. 

Studies on the application of lime to alter the pH and effect on availability of 

secondary and micronutrients. 





6. SUMMARY 

A field experiment was conducted during 2010-2011'- in the coconut garden of the 

Water Management Research Unit, Vellanikkara to evaluate the effect of varying 

doses of K and secondary nutrients on yield and quality of kacholam. There were 12 

treatments with 3 replications each. Treatments consisted of package of practices 

(POP) recommendation of 20 tonnes farmyard manure along with 50:50:50 kg N, P 

and K ha-' and combinations with S, Ca, Mg and extra dose of K applied one month 

and three months after planting as first and second top dressing. Rhizome bits were 

planted at a spacing of 20 x 15 cm in the first week of June, 201 1. Harvesting was 

done seven months after planting. 

Leaf number was not affected by nutrient supplementation through package of 

practice recommendations. Leaf number was lower only in the treatment where 

manures and fertilizers were not provided. 

Only the total avoidance of fertilizer and manure application could bring about a 

significant decline in vegetative growth. 

Foliage spread was seen to be significantly greater in the treatments where package 

of practice recommendations was given and where S, and S along with an additional 

dose of K were top dressed three months after planting. 

When S was applied as first top dressing, and where S and Mg were applied as 

second top dressing and also when FYM alone was applied, leaf expansion in the 

North- South direction alone was favourably influenced. The favourable influence of 

S, K and Mg on leaf expansion was indicated. 

Higher yields, both fresh and dry, were obtained when S was top dressed one and 

three months after planting, and when along with sulphur, Ca or Mg was also 

applied. 



The highest driage percentage of 36.69 % was recorded with application of fertilizers 

including a higher dose of K, alone. 

Treatments including sulphur application, either alone or with calcium or magnesium 

along with recommended package of practices resulted in higher essential oil yields. 

Treatments, where S was given as first and second top dressing showed highest 

oleoresin content. The application of fertilizers alone with higher dose of K, and the 

treatment receiving recommended POP were also on par. Ca and Mg application did 

not improve oleoresin contents. 

Uptake of nutrients at five months stage revealed that the treatment receiving extra 

dose of K along with S showed highest uptake of all nutrients except N. Nitrogen 

uptake was highest in the treatment which received package of practices 

recommendation. 

At harvest, highest values of N, P, K, S and Mg uptake were obtained in the 

treatment where S was given as second top dressing. 

Chlorophyll content in leaves at two and half and five months stage was seen to be 

highest when package of practices recommendation was applied. High chlorophyll a : 

chlorophyll b ratio in treatments where S was top dressed indicated higher 

photosynthetic efficiency and gave further evidence of the role of this element in 

increasing yield and quality. 

Comparing N:K ratios among different treatments, it was seen that N:K ratio of 1: 1 

was beneficial. Changing N:K ratio did not increase yield and other quality 

parameters. 

Phosphorus content did not vary with treatments, thus indicating that P is not a 

limiting factor. P content in soil after the experiment was seen to increase, and so P 

application may be in excess. 



Comparing benefit : cost (B:C) ratios between treatments, reducing organic manure 

to half did not cause any decrease in yield and resulted in increase in B:C ratio. 

Highest B:C ratios were observed in treatments receiving POP supplemented with S 

alone, and S along with Ca. 

Path coefficient analyses indicated that K, S, Ca, and Mg play an important role in 

producing higher rhizome yields along with higher oleoresin and essential oil. 
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APPENDIX - 1 

Weekely mean surface air temperature (OC), relative humidity (%), sunshine hours 
(hrslday) and rainfall (mmlweek), at COH, Vellanikkara from June 201 1 to January 2012. 
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ABSTRACT 

Kacholam (Kaempferia galanga L.) is an important medicinal and aromatic plant of the 

Zingiberaceae family. In India, kacholam is cultivated throughout the plains for the rhizomes. 

The economic produce of kacholam is the chopped and dried rhizomes of 6-7 months maturity. 

Dried rhizomes are used in bulk quantities in ayurvedic medicine and in the cosmetic industry. It 

is used for curing inflammatory wounds, skin disorders, piles, oedema, fever, epilepsy, splenic 

disorders and asthma. The constituents of the rhizome oil include para methoxy ethyl cinnamate 

(60.24 % of the oil), ethyl cinnamate (20.66%), cineol, borneol, 3-carene, camphene, 

kaempferol, kaempferide and cinnamaldehyde. There is immense scope for cultivation of 

kacholam in Kerala, as the climatic and soil conditions are optimally suited to its growth and 

development. Kacholam can be grown as an intercrop in coconut gardens and it has attained the 

status of a cash crop of homesteads. 

Though there is an approved ad hoe recommendation of organic manures as well as N, P and K 

for kacholam, there are reports that the K dose is inadequate. Also, considering the low 

availability and high cost, the present organic manure recommendation of 20 tonnes ha-' is rather 

unaffordabie. There are also reports about the inadequacy in the availability of secondary 

nutrients viz., S, Ca and Mg, which may affect yield and quality of kacholam. A field experiment 

was conducted during 201 1-2012 in the coconut garden of Water Management Research Unit, 

Vellanikkara to evaluate the effect of varying doses of K and secondary nutrients on yield and 

quality of kacholam. There were 12 treatments with 3 replications each. Treatments consisted of 

package of practices (POP) recommendation of 20 tonnes farmyard manure along with 50:50:50 

kg N, P and K ha-' and combinations with S, Ca, Mg and extra dose of K applied as first and 

second top dressing. Rhizomes were planted at a spacing of 20 x 15 cm and planting was done 

on 31 061 201 I .  Harvesting was done seven months after planting. 

Observations included biometric observations taken at monthly intervals, nutrient contents at 2 '/2 

and 5 months after planting, and at harvest. Nutrient uptakes was also worked out. Essential oil 

and oleoresin in rhizomes were also analysed. The soil pl-I and chemical parameters were 

analysed before and after the experiment. 



There were significant differences among treatments with respect to yield, essential oil, 

oleoresin, nutrient contents and nutrient uptake. With respect to yield, the treatment receiving S 

applied either at first top dressing or at second top dressing and that with S, Ca and Mg recorded 

highest yields as compared to other treatments. Essential oil content also showed the same trend 

as that of yield. But in case of oleoresin, the content was more only in the treatments receiving S 

as first and second top dressing. This treatment resulted in highest uptake of all nutrients except 

Ca at harvest. Application of the secondary nutrients thus had a direct positive effect on yield 

and quality. 

Changing the N:K ratio of present NPK recommendation resulted in reduction of yield and other 

quality parameters. The yield and quality parameters with the reduced organic manure dose were 

found similar to the present POP. Increased phosphorus content of soil observed after 

experimentation indicated the possibility of reducing the recommended phosphorus dose. 

Supplementing S, Ca and Mg with a reduced organic manure dose is also to bk tested. 
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