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ABSTRACT Thysanolaena maxima is a wild grass cultivated by the farmers of Meghalaya for the production of
broom panicles, which has high demand in South and South East Asia. Over the years T. maxima has emerged as an
important cash crop of Meghalaya transforming the economy as well as landscape of the state. This research was
aimed at investigating the effect of plant density on cash income of the farmers cultivating this grass. The study
revealed that the growth and production of broom panicles were significantly impacted by plant density. The
production of panicles in the plantations with lower plant density was significantly higher than those grown in higher
plant density. The study concludes that plantation raised at a density of 3333 plants/ha (1.5x2.0 m spacing) gave
highest net present value of Rs 126199.8 ha' year ! up to three harvests. Based on the study, it is concluded that a

density of 3333 plants/ha can be recommended for optimum economic return from cultivation of T. maxima.

INTRODUCTION

Plant density refers to number of plants per
unit area. It influences plant growth and devel-
opment by regulating the competition among
plants for light, space and nutrients. Manipula-
tion of plant density is an age old agronomic
practice widely used to optimize the yield, qual-
ity and economic return of crops. In case of cash
crops, using trial and error methods, farmers stan-
dardize optimum plant density to arrive at opti-
mum economic plant density for a particular en-
vironmental setting (Shaw et al. 2008; Al-Su-
haibani et al. 2013). Plant population density has
been widely used in maize and sugarcane for
optimizing production (Dahmardeh 2011; Reh-
man et al. 2014). Optimum plant density varies
with climate, soil, management practice and ar-
chitecture of the plant (Henson and Dolmat 2003).
Therefore, determination of optimum plant den-
sity for a crop continues to be investigated to

given agroecological region (Larbi et al. 2013).
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Thysanolaena maxima (Roxb.) Kuntze (fam-
ily-Poaceae), grows throughout South, South-
cast Asia and China up to an elevation of 1,600
m. The inflorescence/panicles of T. maxima are
used to make broom. The broom made from pan-
icles of this grass species is of high quality and
has a good market. This species can grow on
steep rocky mountain slopes, in shallow soil and
in drought and high rainfall conditions. It grows
wild in degraded open forests, countryside’s and
roadsides.

Socio-economic impact of broom grass cul-
tivation has been studied by Bhuyan (2014) who
has reported that broom grass cultivation has
reduced the dependence of people on forests in
the state of Arunachal Pradesh. Effect of plant
density on growth of broom grass has been stud-
ied by Lapasam and Tiwari (2015) but, no exper-
imental research is available on the effect of
plant density on economic return even though
broom grass has emerged as a very important
cash crop of Meghalaya (Tiwari et al. 2012). This
study was undertaken to determine the optimum
plant density for optimum economic return from
broom grass plantation.

METHODS
The experiment was laid out at Mynska vil-

lage situated at 25°26°32.09”° N and 092°25°17.84”
E at 1158 m asl. located in West Jaintia Hills
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District of Meghalaya with annual average rain-
fall of 310 cm and the average minimum and max-
imum temperature of 11°C and 21.6°C respec-
tively. The planting was done in July 2012. The
vegetation was cleared off the field during May
2012 and the plants debris was burned after they
were fully dried. The rhizomes were collected
from the forests in the month of July 2012 and
brought to the site where they were split into
required sizes of four tillers per root slips. The
root slips were then planted immediately after
splitting. Weeding was done two times in a year
using hand held hoe. No fertilizer and pesticides
were used in the experiment.

The experiment was conducted using ran-
dom complete block design (RCBD) with four
replicate and five treatments. The size of each
treatment plot was 8.0x8.0 m = 64m?. The experi-
ment was of a single factor treatment. The treat-
ments were: 10000 plants ha™' (1.0x1.0 m spac-
ing), 5000 plants ha' (1.0x2.0 m spacing), 3333
plants ha! (1.5x2.0 m spacing), 2500 plants ha!
(2.0x2.0 m spacing) and 2000 plants ha™! (2.5x2.0
m spacing).

Data were collected from five inner plants se-
lected randomly from each plots and recorded con-
tinuously up to three harvests. The mean yields
from each plant were then multiplied by the num-
ber of plant ha to get the yield ha™'. The cost of
setting up of plantation was taken in to account by
adding the per hectare cost of fencing materials,
root slips, transportation, digging of pits, weed-
ing, harvesting, labour charges, etc. Benefit was
calculated from the average price at which the farm-
ers sold their produce that is, Rs 56 kg.

The economic analysis was carried out us-
ing benefit-cost ratio, net present value and in-
ternal rate of return. Benefits and costs are linked
to the age of the crops. At the early stages, there
are high establishment costs which are then fol-
lowed by annual benefits that are non-linear over
the life of the crops (Nkang et al. 2007). Due to
the time value of money, future cost and benefit
values that were discounted to enable compari-
son with present values. This required discount-
ing and compounding. The costs and benefits
were discounted using the discount rate of 12
percent; Net Present Value was calculated on a
ha™! basis.

n
Net present value = X (Bt — Cy)

t=1 (1+r)"
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Benefit-cost ratio was used to measures the
present value of returns per rupee invested. The
benefit-cost ratio (BCR) was worked out by us-
ing following formula:

n
Benefit-cost ratio = Bt (1+r)Y ZCt (1+r)"
t=1 t=1
Internal rate of return was worked out by
using following formula:
n
X Bt-C)=0
t=1 (1+r)"
Where,

Bt=Benefits ha'in each year,t=1,2, ....,n
Ct=Costs ha'in each year,t=1,2,....,n.

n = Number of years, and

r = Discount rate

RESULTS

The analysis revealed that 60-80 percent of
the total cost was incurred during the first year
depending upon the density of plants, the major
expenditures being plantation establishment
(site preparation, cost of root slips and plant-
ing) and fencing. The expenditure on establish-
ment of broomgrass plantation varied with den-
sity of plants (Table 1). The highest expenditure
was incurred in plantation density of 10000
plants ha! with Rs 95700 and the lowest in 2000
plants ha! density with Rs. 28740. An amount of
Rs. 10800 ha'! was spent as cost of fencing which
included the cost of labour charges and buying
of fencing material like bamboos and wood logs
which were the cheapest material available
locally.

During the second year, the expenditure was
about 7.5-15 percent of the total cost which con-
sist of labour charges only on weeding, harvest-
ing and drying of broom panicles and the re-
maining 11-23.5 percent was incurred during the
third year which also consist of labour charges
for weeding, harvesting, drying of broom pani-
cles and also maintenance of fencing. The total
cost over a period of three years worked out to
be highest in 10000 plants ha! treatment with Rs
127120 and the least was in 2000 plants ha' with
Rs 61120.

The expenditure incurred on weeding was
highest during the first year and dropped with
age, whereas the cost of harvesting increased
with age of the plantation. In the first and sec-
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ond year harvest, treatment with 10000 plants
ha'! required maximum money for harvesting and
the cost decreased as the density of plant de-
creased but in the third year, the treatments with
plant density of 3333 plants ha!, 2500 plants ha-
"and 2000 plants ha™' incurred maximum expen-
diture for harvesting.

The cost of harvesting increased with age of
the plantation. In the first and second year har-
vest, treatment with 10000 plants ha™' required
maximum money for harvesting and the cost
decreased as the density of plant decreased but
in the third year, the treatments with plant densi-
ty 0of 3333 plants ha!, 2500 plants ha"and 2000
plants ha™' incurred maximum expenditure for
harvesting. Plant density treatment of 3333 plants
ha! produced the maximum panicles over a peri-
od of three years with 4734.30 kg ha™! followed
by plant density of 2500 plants ha'and 2000
plants ha"' with 4509 kg and 4150.13 kg respec-
tively (Table 2).

The income from sale of broom panicles in
the first year was negligible. The break-even was
obtained in the second year, when maintenance
and protection cost was offset by the income
from broom panicles sales. It was found that up
to three years, Plant density treatment of 3333
plants ha! gave the highest net present value of
Rs 126199.8 ha''year! followed by treatments of
2500 plants ha' and 2000 plants ha' with Rs
123055 and Rs 112271 respectively. Treatment
10000 plants ha' gave the lowest return of Rs
61173.

It is seen that plant density treatment of 2000
plants ha'! gave the highest benefit to cost ratio

Table 2: Yield of brooms panicles kg ha!
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with a value of 3.6 followed by plant density
treatment of 3333 plants ha' with 3.15. The low-
est benefit to cost ratio was found in plant den-
sity of 10000 plants ha' with 1.71 (Table 3). Sim-
ilarly, the internal rate of return revealed that
broom grass plantation with 2500 plants ha’!
gave the best rate of return (79.8 %), followed
by 2000 plants ha'' (78.4 %).

DISCUSSION

Rearing cattle and goats is an important eco-
nomic activity in this part of the state therefore
fencing of the plantation against grazing is an
important component of expenditure for protec-
tion of plantation especially during the initial
stage of broom grass plantation. The cost of
fencing ranges from 10.3-17 percent depending
on plant density.

The expenditure shown in the Table 1 include
both family member’s contribution as well as
payment to labourers, therefore the farmers get
more cash than the amount accrued through the
sale proceeding. In most cases the farmers em-
ploy labourers only for harvesting of broom pan-
icles as the broom panicles have to be harvest-
ed within a short period otherwise the quality of
broom panicles degrade and command less price
in the market as compared to those harvested in
time.

The decrease in cost of weeding with age of
the plantation was due to the fact that weed
density were very high during the initial year
and it involved more man-days for weeding but

Plant density (plant hat)

Year 10000 5000 3333 2500 2000
1 109 50.95 36.12 26.6 23.22
2 1937.776 1522.971 1405.77 1109.70 865.92
3 2103.376 2121.504 3292.40 3372.70 3260.98
Total 4150.15 3695.42 4734.30 4509 4150.13

Table 3: Economic analysis of T. maxima cultivation in Jaintia Hills, Meghalaya at discount rate of 12

percent year™!

Plant density (plant ha™)

S. No. Parameters 10000 5000 3333 2500 2000
1 Net Present Value (Rs.ha-'year') 61173.5 73544 126199.8 123055.9 112271.3
2 Benefit to Cost Ratio 1.71 2.12 3.15 3.05 3.6
3 Internal Rate of Return ( %) 35.15 50 76.46 79.8 78.4
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due to weeding and closing-in of broomgrass
canopy the weed density decreased with time
and so also the cost of weeding. The cost of
weeding in the lower density of plants was higher
as the densities of weeds were still higher as
gaps between plants were higher which provid-
ed space for weed growth. Whereas the cost of
harvesting increased with age of the plantation,
this was due to the higher panicle production
ha'! in the lower plant density than in the higher
density plantations.

Wongnaa et al. (2013) used net present val-
ue, benefit cost ratio and internal rate of return
in their study on socio-economics of cashew
cultivation and found these measures useful in
determining the profitability of the cashew pro-
duction system. Benefit-cost ratio is an impor-
tant parameter in which farmers are interested to
see the gain in net returns with a given increase
in total cost (Rehman et al. 2014). The finding of
the present study are similar to those reported
by Tiwari (2014) who recorded a benefit to cost
ratio of 3.46. Shankar et al. (2001) in their benefit
to cost ratio analysis reported a return of 1.7
from six year harvest. Singh et al. (1989) found a
ratio of 6.84 which is substantially higher than
the present study. The variation in benefit to
cost ratio can be attributed to the locally pre-
vailing factors such as soil fertility, labour charg-
es, selling price and plantation management. The
low net present value in the higher density plan-
tations was due to the high investment and low
production of broom panicles in the third year
as compared to the lower plants density. A re-
turn of more than three times the amount invest-
ed from the sale of broom panicles excluding
leaves and stems is lucrative enough for the farm-
ers. The maximum expenditure was incurred on
labour charges where, mostly the farmers and
their family members are involved therefore the
total return is much higher than the income ac-
cruing from the sale of panicles. The maximum
expenditure was incurred on the establishment
of the plantation and from the second year on-
ward only minor expenditure was incurred on
labour charges such as weeding, harvesting and
protection. In a situation where labour is avail-
able in the family, the income is very high and
growers get very high return. This is the reason
for continuous growth in area and production
of broom grass in Meghalaya and it has occu-
pied almost all the land previously used for shift-
ing cultivation (Tiwari and Kumar 2008).

ETIBAN LAPASAM AND B. K. TIWARI
CONCLUSION

The study revealed that lesser spacing lim-
its the growth and production of broom tillers
which reduces the production of broom pani-
cles. In the wider spacing the broom panicles
production increases significantly during third
year of growth. The three economic analysis
parameters used for determining optimum den-
sity for optimum economic return varied. While
2500 plants ha'! treatment gave the highest in-
ternal rate of return and 2000 plants ha' gave
the highest benefits to costs ratio, the highest
net present value was recorded in the plots hav-
ing a plant density of 3333 plants ha'. There-
fore, it can be concluded that 3333 plants ha'' is
the optimum plant density for raising broom
grass plantation in Jaintia Hills, Meghalaya.

RECOMMENDATIONS

A plant density of 3333 plants ha! corre-
sponding to a plant to plant spacing of 1.5m and
row to row spacing of 2.0m is recommended for
cultivation of broom grass in Jaintia Hills region
of Meghalaya. Cultivation of broom grass is
highly profitable. Its cultivation should be en-
couraged on the unproductive jhum fallows as
the growers earn huge income. More studies on
economics and ecology of broom grass need to
be undertaken as very little is known about en-
vironmental impacts of broom grass cultivation.
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