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ABSTRACT: Twenty-five Neolamarckia cadamba clones were evaluated for variability, heritability and genetic advance 
studies based on the growth attributes viz., basal diameter, diameter at breast height (DBH), height, number of branches, 
volume, leaf length, leaf width, leaf petiole length, total number of leaves, leaf area and volume. Genotypic co-efficient of 
variation was lower than the phenotypic co-efficient of variation for all the growth traits. Among the genotypic co-efficient of 
variation, volume recorded higher GCV (57.46%), followed by leaf area (26.55%), total number of leaves (25.33%), DBH 
(24.61%) and height (22.42%). Heritability was relatively higher for four growth attributes viz., height (68.35%), basal 
diameter (59.00%), DBH (54.18%) and volume (47.93%), and lower for leaf petiole length (20.46%). Higher genetic gain was 
attributed to volume (81.95%), followed by height (38.16%) and DBH (37.32%). Genotypic correlations were higher than the 
phenotypic correlation for all the growth traits which indicated the use of variability of these attributes for further tree 
improvement program. These relationships will help in selecting one or other traits for tree improvement. Among growth traits, 
leaf area (0.971) registered highest direct positive effect on volume, followed by total number of leaves (0.767), height 
(0.351), DBH (0.175) and basal diameter (0.121), and maximum indirect effect on volume registered by leaf length (0.970) 
and leaf width (0.958) through leaf area. Hence, for the selection of better clone to maximize the volume, the characters viz., 
DBH, height, leaf area, total number of leaves, leaf length and leaf width could be used as selection criteria in this 
multipurpose species. 
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1.  INTRODUCTION

Neolamarckia cadamba (Roxb.) Bosser  belongs to 
the family Rubiaceae and commonly called as kadam. 
It is medium to large sized deciduous species 
attaining height of 20-40 m and girth about 2-2.5 m 
with clean cylindrical branches and rounded crown 
with the distribution in all over India on the slopes of 
evergreen forests up to 500 m (Dubey et al., 2011). 
The wood of this species is used in pulpwood, light 
construction material, flooring, beams and rafters, 
tea-chests, packing cases, match splints, bobbins and 
pencil. Apart from this, many communities and tribal 
across India use its bark, leaf and flower against 
various ailments such as sour throat, cough, fever, 
infections and inflammation. 

Traditional tree improvement programmes have been 
conducted sequentially with successive species, 
provenance and progeny tests. However, in practice 
there is a strong economic pressure to reduce the 
testing interval between these stages. The use of 
combined provenance and progeny test has been 
advocated to reduce the testing interval between 
provenance and progeny stage (Sebbenn et al., 
2003). Accordingly, tree improvement program in N. 
cadamba was reported in combined provenance and 
progeny tests experimental in Indonesia (Sudrajat, 
2016). Barring this study, there is no adequate tree 
improvement programme on this species, which 

demanded a systematic approach to improve this 
species.

Among different growth attributes, volume is a 
complex and highly variable character, which 
influences by many component characters (Jha, 
2012). In integrated structure of the plant, the overall 
correlation observed between two variables is a 
function of a series of direct and indirect 
relationships between different variables. To 
understand the specific forces in building up the total 
correlation, it is essential to resort through path co-
efficient (Wright, 1921). Genetic correlations 
between commercially important traits are critical to 
understand the effects of selection for one trait on 
another (Callister and Collins, 2008). Such 
correlations were lacking in the N. cadamba clonal 
genetic material. Against this backdrop, this study 
aims to assess the phenotypic and genotypic 
correlation between the growth traits and direct and 
indirect effect of each growth traits to the volume of 
N. cadamba. Components of variance and genetic 
parameters were estimated from data, obtained 
from 15 months old clonal genetic materials.

2. MATERIALS  AND  METHODS

Thirty open pollinated families of N. cadamba were 
collected from 11 natural ranges distributed in the 
states of Tamil Nadu, Assam, Bihar, Nagaland, 
Uttarakhand, Telangana, Uttar Pradesh, Maharashtra, 
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Table 1. Variability parameters for different growth traits among different clones of Neolamarckia 
cadamba

Character GCV* (%) PCV (%) ECV (%) Heritability (%) Genetic advance 
as percent of mean

Basal diameter 20.49 26.67 17.08 59.00 32.42

DBH 24.61 33.44 22.63 54.18 37.32

Height 22.41 27.10 15.25 68.35 38.16

Number of branches 14.69 26.88 22.50 29.89 16.55

Leaf length 13.29 23.35 19.20 32.40 15.59

Leaf width 14.27 22.18 16.98 41.40 18.92

Leaf petiole length 9.41 20.80 18.55 20.46 8.77

Total number of leaves 25.33 43.08 34.84 34.58 30.69

Leaf area 26.55 45.71 37.21 33.74 31.77

Volume 57.46 83.00 59.90 47.93 81.95

*GCV - Genotypic Coefficient of Variation, PCV - Phenotypic Coefficient of Variation, ECV -  Environmental Coefficient of Variation 

Karnataka, Kerala and Tripura of India. The seedlings 
were raised and systematic progeny trial was 
established in the year 2013. From this progeny trial, 
25 plus trees were selected based on comparison tree 
method. These selected trees were cut to induce 
coppice shoots, which were multiplied through mini 
clonal technology (Parthiban, 2017) and designated 
as clones. These clones were evaluated through 
clonal test in a row coloumn design at spacing of 2m × 
2m with three replications in the year 2016-2018. The 
clones were evaluated for various growth attributes 
viz., basal diameter, diameter at breast height (DBH), 
height, number of branches, volume, leaf length, leaf 
width, leaf petiole length, total number of leaves, leaf 
area at 15 months after planting (MAP).

Statistical analysis

The variability, phenotypic, genotypic and 
environment coefficient of variance, broad sense 
heritability and genetic advance were determined 
according to Burton (1952) and Johnson et al. (1955). 
The correlation coefficients were calculated according 
to the method suggested by Goulden (1952). Path co-
efficient analysis was done as suggested by Dewey 
and Lu (1959), to study the direct and indirect effects.

3. RESULTS  AND  DISCUSSION

The genotypic and phenotypic co-efficient of 
variations indicated that all the growth and leaf 
attributes exhibited higher phenotypic values 
compared to the genotypic values. Among growth 
attributes, volume registered high phenotypic co-
efficient of variation (83.00%), followed by leaf area 
(45.71%), total number of leaves (43.08%), DBH 
(33.44%), height (27.10%), number of branches 
(26.88%), basal diameter (26.67%), leaf length 
(23.35%), leaf width (22.18%), leaf petiole length

(20.80%), and the corresponding genotypic co-
efficient of variation also exhibited similar trends of 
higher PCV with volume and lowest GCV with leaf 
petiole length. This indicated that the environmental 
variances are larger due to the variation of genotypic 
environmental variable present in the phenotype. It 
also indicates that the expressed characters were 
influenced by action of environment as reported in 
Populus (Jha, 2012). In the current study, volume 
exhibited higher co-efficient of variation compared to 
other parameters. Such higher variability in volume 
attributes as earlier been documented in several 
species by Farmer et al. (1988), Bentzer et al. (1989), 
Burdon et al. (1992), Gera et al. (1993) and Singh et al. 
(2001) supports to the findings of current study. Burton 
(1952) reported that the GCV together with heritability 
estimate would give a better picture of the amount of 
advance to be expected by selection. Hence, 
heritability estimation was carried out for all growth 
attributes and the results are furnished in Table 1. 
Among the growth attributes, height registered 
maximum heritability of 68.35% and leaf petiole length 
registered the lowest heritability value of 20.46%.

The basal diameter and DBH registered higher 
heritability values of 59.00 and 54.18%, respectively. 
Heritability in a broader sense is the ratio of total 
genetic variation to the phenotypic variation. This 
broad sense is very useful to transfer both additive 
and non-additive variations particularly when clonal 
propagation is deployed (Zobel and Talbert, 1984). In 
current study, N. cadamba is exploited through clonal 
technology and hence, higher heritable value 
recorded for height, basal diameter and DBH is 
attributable to the combined action of both additive 
and non-additive variations. Such high estimates of 
heritability were also recorded for various growth
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genotypic level but positive and non-significant 
correlation at phenotypic level (0.014). The height 
also exhibited similar trend whereas the number of 
branches exhibited positive and highly significant 
correlation with total number of leaves (0.900) and 
volume (0.553) in phenotypic correlation. Leaf length 
exhibited positive and highly significant correlation 
with leaf width and leaf area at genotypic level and at 
phenotypic levels. Leaf width had positive and highly 
significant correlation with leaf petiole length (0.535), 
total number of leaves (0.620), leaf area (0.982) and 
volume (0.746) at genotypic level, and leaf area 
(0.862) and volume (0.437) at phenotypic level. Leaf 
petiole length exhibited negative correlation with total 
number of leaves and volume at genotypic level and 
volume at phenotypic level while non-significant 
positive correlation registered with leaf area at 
genotypic and phenotypic levels. The total number of 
leaves exhibited highly significant and positive 
correlation with volume at both genotypic and 
phenotypic levels.

The leaf area recorded highly significant and positive 
correlation with volume both at genotypic and 
phenotypic levels. The analysis indicated that most of 
the traits had a positive and significant correlation with 
other traits, except leaf petiole length. The genotypic 
correlation is an estimated value whereas phenotypic 
correlation is derived value from the genotype and 
environmental interaction. Hence, genotypic 
correlation is more reliable estimate for defining the 
degree of relationship between the traits. Hence, the 
significant and positive genotypic correlation in the 
current study is a more reliable estimate and indicated 
the relationship between the traits (Chaturvedi and 
Pandey, 2004).

The correlation measures speak only about 
interrelationships between characters whereas the

path analysis apportions the total correlation through 
direct and indirect effect of other character. In the 
current study, the path analysis reveals (Table 3) that 
basal diameter exerted positive direct effect and 
indirectly through all the traits barring number of 
branches and leaf length where it registered negative 
indirect effect. In case of DBH, the direct effect was 
positive (0.175) and through height, leaf width, total 
number of leaves and leaf area, it exerted positive 
effect indirectly, barring number of branches (-0.473), 
leaf length (-0.704) and leaf petiole length (-0.004). 
The height exerted positive and indirect effect with 
basal diameter (0.108), DBH (0.164), leaf width 
(0.011), total number of leaves (0.623) and leaf area 
(0.802) but had indirect and negative effect with other 
traits. The number of branches also exhibited similar 
trend. The leaf length and leaf width exhibited 
negative indirect effect through number of branches, 
leaf length and positive indirect effect with other traits. 
The leaf petiole length executed indirect negative 
effects through DBH (-0.007), height (-0.048), leaf 
length (-0.210), total number of leaves (-0.229) but 
executed indirect positive effect with other traits. The 
total number of leaves exerted negative indirect effect 
with three traits and the leaf area exerted negative 
indirect effect with number of branches (-0.249) and 
leaf length (-0.880).

The perusal of results indicated that basal diameter, 
DBH, height, total number of leaves and leaf area had 
highly contributed direct effect on volume. However, 
the basal diameter, DBH, height, number of branches 
indirectly through total number of leaves contributed 
maximum to volume. The leaf length, leaf width and 
leaf petiole length through leaf area contributed 
maximum towards volume. Total number of leaves 
and leaf area also exhibited similar trend. This 
indicates that increase in values of basal diameter,
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Table 3. Path analysis showing direct and indirect effects on volume 

Residual effect = 0.269

Effect of characters Basal DBH Height Number of Leaf Leaf Leaf Total Leaf 
diameter branches length width petiole number  area

length of leaves

Basal diameter 0.121 0.169 0.315 -0.488 -0.608 0.011 0.000 0.674 0.742

DBH 0.117 0.175 0.328 -0.473 -0.704 0.012 -0.004 0.673 0.827

Height 0.108 0.164 0.351 -0.404 -0.676 0.011 -0.015 0.623 0.802

Number of branches 0.088 0.123 0.211 -0.672 -0.056 0.009 -0.011 0.688 0.360

Leaf length 0.083 0.140 0.270 -0.043 -0.880 0.015 0.027 0.241 0.970

Leaf width 0.082 0.132 0.246 -0.381 -0.843 0.016 0.060 0.476 0.958

Leaf petiole length 0.001 -0.007 -0.048 0.064 -0.210 0.009 0.112 -0.229 0.222

Total number of leaves 0.106 0.154 0.286 -0.603 -0.276 0.010 -0.034 0.767 0.530

Leaf area 0.092 0.149 0.290 -0.249 -0.880 0.016 0.026 0.418 0.971

Table 2. Phenotypic and genotypic correlation coefficients among different quantitative traits in 
Neolamarckia cadamba clones

Characters DBH Height Number of Leaf Leaf Leaf Total Leaf Volume
branches length  width petiole number area

length of leaves

Basal diameter PV 0.951** 0.898** 0.567** 0.448* 0.510** 0.002 0.716** 0.509** 0.900**

GV 0.966** 0.898** 0.726** 0.691** 0.681** 0.004 0.879** 0.765** 0.937**

DBH PV 0.911** 0.584** 0.465* 0.518** 0.014 0.735** 0.523** 0.941**

GV 0.933** 0.704** 0.800** 0.751** -0.038 0.878** 0.852** 0.950**

Height PV 0.508** 0.479* 0.476* 0.003 0.685** 0.524** 0.902**

GV 0.601** 0.768** 0.700** -0.136 0.813** 0.826** 0.964**

No. of branches PV 0.125 0.257 0.058 0.900** 0.167 0.553**

GV 0.064 0.567** -0.095 0.897** 0.371 0.741**

Leaf length PV 0.721** 0.240 0.256 0.925** 0.392

GV 0.958** 0.239 0.314 0.999** 0.823**

Leaf width PV 0.273 0.315 0.862** 0.437*

GV 0.535** 0.620** 0.987** 0.746**

Leaf petiole length PV 0.000 0.230 -0.057

GV -0.298 0.229 -0.086

Total number of leaves PV 0.286 0.727**

GV 0.546** 0.939**

Leaf area PV 0.443*

GV 0.834**

attributes of 2-years old Populus plantation (Jha, 
2012). However, heritability estimates were higher for 
DBH compared to height but in current study, height 
exhibited higher value than DBH as evidenced in 
Carya illinoinensis (Adams, 1976). Similarly, clonal 
selection of Cupressus sempervirens (Giannini and 
Raddi, 1992), Eucalyptus globulus (Borralho et al., 
1992) and Dalbergia sissoo (Gera et al., 2000) 
registered low heritability for collar diameter and high 
heritability for plant height which lend support to the 
findings of current investigation. The high heritability 
estimates indicate the effectiveness of selection 
based on good phenotypic performance but it does 
not necessarily lead to high genetic gain for a 
particular trait.

The study indicated that heritability estimates in broad 
sense will be reliable and accompanies by a high 
genetic advance. However, in the present study, plant 
height registered high heritability but low genetic 
advance, whereas volume registered moderate 
heritability with high genetic advance, which is 
contradictory to the findings of earlier studies. This 
high heritability coupled with low genetic gain 
indicated that the traits under investigation are 
influenced by non-additive gene action. The study

also is of the opinion that the selection based on 
variability studies does not always lead to an expected 
genetic gain due to the presence of genotype and 
environmental (G × E) interaction and the involvement 
of various characters for volume production. The 
results of above study warrant correlation or 
association studies to assess the involvement of 
various traits in selection process. Hence, correlation 
study was carried out which exhibited that the 
phenotypic correlations among traits of interest are 
positive, except leaf petiole length (Table 2). Basal 
diameter had positive and highly significant 
correlation with DBH (0.966), followed by volume 
(0.937), height (0.898), total number of leaves (0.879), 
leaf area (0.765), number of branches (0.726), leaf 
length (0.691) and leaf width (0.681) but had a non-
significant correlation with leaf petiole length at 
genotypic level. This trend is similar in case of 
phenotypic correlation wherein except leaf petiole 
length and leaf length, all the traits exhibited positive 
and highly significant correlation. 

The DBH also expressed highly significant and positive 
correlation with all the growth attributes both at 
genotypic and phenotypic levels, barring leaf petiole 
length which exhibited negative correlation (-0.038) at
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trend. The leaf length and leaf width exhibited 
negative indirect effect through number of branches, 
leaf length and positive indirect effect with other traits. 
The leaf petiole length executed indirect negative 
effects through DBH (-0.007), height (-0.048), leaf 
length (-0.210), total number of leaves (-0.229) but 
executed indirect positive effect with other traits. The 
total number of leaves exerted negative indirect effect 
with three traits and the leaf area exerted negative 
indirect effect with number of branches (-0.249) and 
leaf length (-0.880).

The perusal of results indicated that basal diameter, 
DBH, height, total number of leaves and leaf area had 
highly contributed direct effect on volume. However, 
the basal diameter, DBH, height, number of branches 
indirectly through total number of leaves contributed 
maximum to volume. The leaf length, leaf width and 
leaf petiole length through leaf area contributed 
maximum towards volume. Total number of leaves 
and leaf area also exhibited similar trend. This 
indicates that increase in values of basal diameter,

Genetic variability, correlation and path analysis in Neolamarckia cadamba (Roxb.) Bosser 

Table 3. Path analysis showing direct and indirect effects on volume 

Residual effect = 0.269

Effect of characters Basal DBH Height Number of Leaf Leaf Leaf Total Leaf 
diameter branches length width petiole number  area

length of leaves

Basal diameter 0.121 0.169 0.315 -0.488 -0.608 0.011 0.000 0.674 0.742

DBH 0.117 0.175 0.328 -0.473 -0.704 0.012 -0.004 0.673 0.827

Height 0.108 0.164 0.351 -0.404 -0.676 0.011 -0.015 0.623 0.802

Number of branches 0.088 0.123 0.211 -0.672 -0.056 0.009 -0.011 0.688 0.360

Leaf length 0.083 0.140 0.270 -0.043 -0.880 0.015 0.027 0.241 0.970

Leaf width 0.082 0.132 0.246 -0.381 -0.843 0.016 0.060 0.476 0.958

Leaf petiole length 0.001 -0.007 -0.048 0.064 -0.210 0.009 0.112 -0.229 0.222

Total number of leaves 0.106 0.154 0.286 -0.603 -0.276 0.010 -0.034 0.767 0.530

Leaf area 0.092 0.149 0.290 -0.249 -0.880 0.016 0.026 0.418 0.971

Table 2. Phenotypic and genotypic correlation coefficients among different quantitative traits in 
Neolamarckia cadamba clones

Characters DBH Height Number of Leaf Leaf Leaf Total Leaf Volume
branches length  width petiole number area

length of leaves

Basal diameter PV 0.951** 0.898** 0.567** 0.448* 0.510** 0.002 0.716** 0.509** 0.900**

GV 0.966** 0.898** 0.726** 0.691** 0.681** 0.004 0.879** 0.765** 0.937**

DBH PV 0.911** 0.584** 0.465* 0.518** 0.014 0.735** 0.523** 0.941**

GV 0.933** 0.704** 0.800** 0.751** -0.038 0.878** 0.852** 0.950**

Height PV 0.508** 0.479* 0.476* 0.003 0.685** 0.524** 0.902**

GV 0.601** 0.768** 0.700** -0.136 0.813** 0.826** 0.964**

No. of branches PV 0.125 0.257 0.058 0.900** 0.167 0.553**

GV 0.064 0.567** -0.095 0.897** 0.371 0.741**

Leaf length PV 0.721** 0.240 0.256 0.925** 0.392

GV 0.958** 0.239 0.314 0.999** 0.823**

Leaf width PV 0.273 0.315 0.862** 0.437*

GV 0.535** 0.620** 0.987** 0.746**

Leaf petiole length PV 0.000 0.230 -0.057

GV -0.298 0.229 -0.086

Total number of leaves PV 0.286 0.727**

GV 0.546** 0.939**

Leaf area PV 0.443*

GV 0.834**

attributes of 2-years old Populus plantation (Jha, 
2012). However, heritability estimates were higher for 
DBH compared to height but in current study, height 
exhibited higher value than DBH as evidenced in 
Carya illinoinensis (Adams, 1976). Similarly, clonal 
selection of Cupressus sempervirens (Giannini and 
Raddi, 1992), Eucalyptus globulus (Borralho et al., 
1992) and Dalbergia sissoo (Gera et al., 2000) 
registered low heritability for collar diameter and high 
heritability for plant height which lend support to the 
findings of current investigation. The high heritability 
estimates indicate the effectiveness of selection 
based on good phenotypic performance but it does 
not necessarily lead to high genetic gain for a 
particular trait.

The study indicated that heritability estimates in broad 
sense will be reliable and accompanies by a high 
genetic advance. However, in the present study, plant 
height registered high heritability but low genetic 
advance, whereas volume registered moderate 
heritability with high genetic advance, which is 
contradictory to the findings of earlier studies. This 
high heritability coupled with low genetic gain 
indicated that the traits under investigation are 
influenced by non-additive gene action. The study

also is of the opinion that the selection based on 
variability studies does not always lead to an expected 
genetic gain due to the presence of genotype and 
environmental (G × E) interaction and the involvement 
of various characters for volume production. The 
results of above study warrant correlation or 
association studies to assess the involvement of 
various traits in selection process. Hence, correlation 
study was carried out which exhibited that the 
phenotypic correlations among traits of interest are 
positive, except leaf petiole length (Table 2). Basal 
diameter had positive and highly significant 
correlation with DBH (0.966), followed by volume 
(0.937), height (0.898), total number of leaves (0.879), 
leaf area (0.765), number of branches (0.726), leaf 
length (0.691) and leaf width (0.681) but had a non-
significant correlation with leaf petiole length at 
genotypic level. This trend is similar in case of 
phenotypic correlation wherein except leaf petiole 
length and leaf length, all the traits exhibited positive 
and highly significant correlation. 

The DBH also expressed highly significant and positive 
correlation with all the growth attributes both at 
genotypic and phenotypic levels, barring leaf petiole 
length which exhibited negative correlation (-0.038) at
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DBH, height and total number of leaves will enhance 
the wood volume. Such results are earlier reported by 
many authors such as Joshi and Singh (1996a,b) 
which lend support to the findings of current 
investigation. The residual effect of 0.269 indicated 
the contribution of factors other than those studied in 
the present investigation. 
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ABSTRACT: 
-1 -1forest system, to assess growth and yield performance. The more number of spikes clump , capsules clump , fresh weight of 

capsule, dry weight of capsule and dry yield was significantly higher in Alnus nepalensis-based agroforestry system. The 
lowest growth parameters were found in open condition. Plant available macro-nutrients were significantly higher in Alnus-
based agroforestry system, followed by mixed forestry system and Leucaena leucocephala. However, an accumulation of 
soil organic carbon content was higher in mixed forestry system, followed by Ficus-based agroforestry system. Accumulation 
of boron was higher in Alnus-based agroforestry. The maximum microbial biomass carbon (MBC) was recorded in mixed 

-1 -1forest (847 mg kg ) and lowest in control (398 mg kg ) in the surface layer. The surface soil layer of A. nepalenesis had the 
-1 -1maximum microbial biomass nitrogen (MBN; 416 mg kg ) and the lowest in control (257 mg kg ). The same trend was 

-1observed in the sub-surface layer also (309 in A. nepalenesis and 147 mg kg  in control). Our results will provide suitable and 
sustainable tree based systems for more effective large cardamom management in Sikkim mountain region and elsewhere 
without hampering soil fertility.
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Large cardamom cv. Sawney was planted in combination with multipurpose tree species as well as in mixed 

icrobial biomass nitrogen, 

1.  INTRODUCTION

Sikkim is a small mountain state in the North-Eastern 
part of India having a total geographical area of 7096 

2 km with an elevation range from 300-8598 m above 
mean sea level. Mountain agriculture in Sikkim 
comprises traditional and commercial practices. Cash 
crops such as large cardamom (Amomum 
subulatum), mandarin (Citrus reticulata), ginger 
(Zingiber officinale) and potato (Solanum tuberosum) 
are extensively cultivated. Large cardamom (A. 
subulatum Roxb.) locally called 'alainchii' is a native of 
Sikkim. Its cultivation has spread to neighbouring sub-
himalayan tracts at altitudes between 600-2000 m. 
Large cardamom, a sciophyte (shade loving) is a 
natural component of the indigenous forest (Das et al., 
2017). It is a perennial cash crop grown beneath the 
tree cover on marginal lands. Large cardamom-based 
agroforestry is an age old traditional agroforestry 
system of the people living in the hills and mountains 
of Sikkim (Joshi and Joshi, 2016). Its cultivation 
provides ecological benefits such as soil 
conservation, soil fertility maintenance and extension 
of forest cover with intact tree biodiversity in the 
existing farming systems (Sharma and Sharma, 1997; 
Sharma et al., 2000). Shade trees play a vital role in 
the cultivation of large cardamom (Chaudhary et al., 
2015). An identified shade tree species in large 
cardamom plantations were Alnus nepalensis, 
Albizzia species, Schima wallichii, Maesa chassis, 
Ficus species, Saurauvia nepalensis, Machilus edulis 
and Melia composita (Anitha and Hore, 2018; Negi et 
al., 2018). Sharma et al. (2009) and Avasthe et al.

(2007) reported that household income and individual 
income from large cardamom-based farming system 
was almost double than that of maize-based farming 
system. However, over the last decade, the area and 
production of the large cardamom has been 
significantly reduced as a consequence of climate 
change (Sharma et al., 2002; Sharma et al., 2016; 
Negi et al., 2018). Implementation of local knowledge 
based cultivation practices, development of disease-
free planting materials, maintenance of soil fertility are 
the major challenges for sustaining and improving 
production capacity of the crop (Singh et al., 2015a; 
Sharma et al., 2016). Among agroforestry systems, 
economic yield and returns are governed by the 
arrangement of components, their management and 
market values (Singh et al., 2015b). Therefore, this 
study was undertaken to examine the growth 
performance of large cardamom to assess the 
production potential along with soil microbial biomass 
carbon (MBC) and microbial biomass nitrogen (MBN) 
as well as soil nutrient dynamics under different 
agroforestry systems. 

2. MATERIALS  AND  METHODS

The study was undertaken in improved agroforestry 
systems at Research Farm of ICAR-NOFRI, Tadong, 
Sikkim during 2016-17. The study site is situated at 
1300 m above mean sea level and receives more than 
3000 mm annual rainfall. Mean maximum and 
minimum temperature of area was about 25 and 6 ̊ C, 
respectively. The meteorological data was recorded at 
Indian Meteorological Observatory at ICAR-NOFRI, 
Tadong, Sikkim. The 2996.9 mm rainfall was received
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