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ABSTRACT 
A study was conducted to evaluate the effect of harvesting age and population density on agronomic characteristics and essential oil yield 
of palmarosa (Cymbopogon martinii (Roxb.) Wats). Data on number of tiller/bunch, number of leaf/bunch, fresh weight/bunch, fresh 
herbage yield/ha, dry weight/bunch, dry herbage yield/ha, essential oil (EO) content and EO yield/ha were collected and analyzed. 
Population density exerted a very highly significant (P < 0.001) influence on fresh herbage yield/ha, dry herbage yield/ha and essential oil 
yield/ha of palmarosa. A very highly significant (P < 0.001) influence of harvesting age was observed on number of leaves/bunch, fresh 
weight/bunch and fresh herbage yield/ha while a highly significant (P < 0.01) effect was observed on EO yield/ha. Dry weight/bunch, dry 
herbage yield/ha and EO content was affected significantly (P < 0.05) by harvesting age. Maximum fresh herbage yield/ha (20.86 t), dry 
herbage yield/ha (6.85 t) and EO yield/ha (100.65 kg) were obtained at 60 × 60 cm spacing for harvests made at every 3 months after 
plating and the preceding harvests. Higher and statistically similar EO content were obtained for harvests made at every 3, 4 and 5 months 
after planting regardless of spacing. 
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INTRODUCTION 
 
Palmarosa (Cymbopogon martinii (Roxb.) Wats) is an aro-
matic perennial grass belonging to the family Poaceae 
(Husain et al. 1988). It is a tropical plant that grows in 
warm and humid areas. The plant can grow up to a height of 
2-3 m. A well drained loamy soil having irrigation facilities 
and receiving rain fall of about 1500 mm are ideal 
conditions for its cultivation (Husain et al. 1988). The exact 
origin of the crop is not clearly known; but it is grown wild 
in India particularly. The plant is cultivated for its aromatic 
herbal leaves and production of essential oil (EO) (Beemnet 
et al. 2010). 

The EO obtained from the grass is reach in geraniol, 
which is highly valued as a perfume and as a starting mate-
rial for a large number of synthetic aroma chemicals like 
geranyl ester which have a permanent rose-like odour (Joy 
et al. 2001). Palmarosa oil has also been shown to be an 
effective insect repellent to stored grain and beans (Kumar 
et al. 2007), an anthihelmintic against nematodes (Kumaran 
et al. 2003), and an antifungal and mosquito repellent 
(Duke and Cellier 1993). 

There are many factors that influence agronomic cha-
racteristics, biomass and EO yield of aromatic plants (Yasin 
et al. 2003; Khazaie et al. 2007; Al-Ramamneh 2009). In 
addition, influence of harvesting time, plant age and crop 
density on yield of many aromatic plants was reported by 
Marotii et al. (1994). The influence of harvesting age and 
spacing was also reported by Beemnet et al. (2011) for 
lemon grass (Cymbopogon citratus (DC) Stapf) and pepper-
mint (Mentha piperiata L.), Solomon and Beemnet (2011) 
for spearmint (Mentha spicata L.) and Japanese mint (Men-
tha arvensis L.) and Zewdinesh (2010) for artemisia (Arte-
misia annua L.) in Ethiopia. 

Despite harvesting age and plant population density 
have an impact on agronomic and chemical characteristics 

of different aromatic plants; there is limited information 
about their effect on yield and yield components of palma-
rosa in Ethiopia. Hence, this experiment was designed to 
determining the appropriate plant population density and 
harvesting age that optimize yield of the crop. 

 
MATERIALS AND METHODS 
 
The experiment was conducted during 2009/2010 at Wondo Genet 
Agricultural Research Center. Wondo Genet is located at 7° 192 N 
latitude and 38° 382 E longitude with altitude of 1780 m.a.s.l. The 
site receives mean annual rainfall of 1128 mm with minimum and 
maximum temperatures of 11.47 and 26.51°C, respectively. The 
soil textural class of the experimental area was sandy loam with 
pH of 7.2 (Abayneh et al. 2006). 

The experiment was conducted by using randomized complete 
block design in a factorial arrangement with three replications. 
Three population densities (27,778; 18,518 and 12,346) and five 
harvesting ages (3, 4, 5, 6 and 7 months after planting) treatments 
were used for the experiment. Plot size was 3.6 × 3.6 m with area 
of 12.96 m2. The distances between plots and blocks were 1 and 
1.5 m, respectively. Proper hoeing, weeding and irrigation of the 
experimental field were carried out uniformly whenever required. 
Throughout the experimental periods, incidence of disease, insect 
damage, frost and storm did not occur. The experiment was com-
pleted on August, 2010 after 14 months. 

To determine the yield and agronomic characteristics of pal-
marosa under different population density and harvesting ages, 
data on number of tiller/hill, number of leaves/hill, fresh herbage 
weight/hill, dry herbage weight/hill, fresh herbage yield/hectare, 
dry herbage yield/ha EO content and EO yield/ha were collected. 
Throughout the experimental periods, each parameter was col-
lected four times for harvestings made at three months after plan-
ting (H1), three times for harvestings made at four months after 
planting (H2) and two times for harvestings made at five months 
after planting (H3), six months after planting (H4) and seven 
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months after planting (H5). The average value over the 14 months 
were taken for number of tiller/hill, number of leaves/hill and EO 
content. For the rest parameters total yield over the 14 months was 
taken. 

Statistical analysis of experimental data was performed by 
analysis of variance (ANOVA) using SAS PROC GLM (2002) at 
P < 0.05. Differences between means were assessed using the least 
significance difference (LSD) test at P < 0.05. 
 
RESULTS AND DISCUSSION 
 
Variation in agronomic and chemical characters of 
palmarosa 
 
Analysis of variance showed the existence of a very highly 
significant (P < 0.001) variation in fresh herbage yield/ha, 
dry herbage yield/ha and EO yield/ ha of palmarosa due to 
different population density used. But population density 
did not exerted significant (P > 0.05) influence on number 
of leaves/hill, number of tiller/hill, fresh herbage yield/hill, 
dry herbage yield/ hill and EO content (Table 1). A very 
highly significant (P < 0.001) influence of harvesting age 
was observed on number of leaves/hill, fresh herbage yield/ 
hill and fresh herbage yield/ha; while a highly significant (P 
< 0.01) effect was observed on EO yield/ha. Dry herbage 
yield/hill, dry herbage yield/ha and EO content was affected 
significantly (P < 0.05) by harvesting age, while harvesting 
age did not affected number of tiller/hill significantly (P > 
0.05). Interaction effect of harvesting age and population 
density was non-significant (P > 0.05) on all of the mea-
sured parameters. 

 
Performance of agronomic and chemical 
characters of palmarosa as affected by plant 
population density 
 
Fresh herbage yield, dry herbage yield and EO yield/ha of 
palmarosa were increased with increasing plant density and 
reached at the maximum value with the highest plant den-
sity (Table 2). The values ranged from 9.43 to 20.85 t/ha, 
2.91 to 6.85 t/ha and 44.21 to 100.65 kg/ha for fresh her-
bage yield, dry herbage yield and EO yield, respectively. 

Increasing plant density from 12,346 plants/ha to 27,778 
plants/ha, increased fresh herbage yield, dry herbage yield 
and EO yield by 121.1, 135.4 and 127.7%, respectively. In 
agreement with this finding, Diemer and Griffee (2005) and 
Charles et al. (1990) reported higher dry leaf yield/ha at 
higher planting density in A. annua. Similar findings were 
also reported by Yasin et al. (2003) and Saeed et al. (1996) 
for Mott Elephantgrass (Pennisetum purpureum Schum), 
and Solomon and Beemnet (2011) for Japanese mint. An in-
crease in fresh and dry yield under narrow spacing was also 
reported by Aflatuni (2005) for pepper mint. Higher biolo-
gical yield with increasing plant population density was 
also reported by Nekonam and Razmjoo (2007) and Najafi 
and Moghadam (2002) for Plantago ovata. In addition, 
Badi et al. (2003) and Al-Ramamneh (2009) reported maxi-
mum dry leaf yield/ha at higher density than lower density 
for Thymus vulgaris. In accordance with the present study, 
an increase in EO yield with decreasing plant spacing was 
also reported by Linares et al. (2005) in lemon grass (Cym-
bopogon citratus), Beemnet et al. (2011) in pepper mint and 
Solomon and Beemnet (2011) in Japanese mint. Similar re-
sults was also reported by Simon et al. (1990) and Zewdi-
nesh (2010) in A. annua, Khorshidi et al. (2009) in Foeni-
culum vulgare and Badi et al. (2003) in Thymus vulgaris. 
The higher biomass and EO yields/ha at lower spacing 
(higher density) is due to the occurrence of more plants per 
unit area. 

 
Performance of agronomic and chemical 
characters of palmarosa 
 
During the first harvest, minimum amount of leaf/hill 
(210.57) was recorded. With increase in harvesting age, 
number of leaves/hill was increased and reached a maxi-
mum (469.64) at 6 months after planting (MAP). After 6 
MAP it started to decline (Table 2). Maximum fresh her-
bage weight/hill (1.1 kg) and fresh herbage yield/ha (21.2 t) 
was obtained at first harvest, then declined with increasing 
age and reached at a minimum values of 0.54 kg and 10.26 t, 
respectively at 7 MAP (Table 2). The decrease in fresh her-
bage weight/hill and fresh herbage yield/ha with increasing 
age were 49.5 and 51.6%, respectively. For dry herbage 

Table 1 Mean squares from analysis of variance for eight traits of palmarosa under varying harvesting age and plant population density. 
Source of variation Df THI LHI FWHI FBYH DWHI DBYH EOC EOY 
Replication (RP) 2 549.03 541.34 0.01 3.54 0.005 3.31 0.02 468.19 

Harvesting age (HG) 4 406.38ns 
86413.59**
* 0.33*** 140.4*** 0.02* 9.12* 0.08* 2408.65**

Population density (PD) 2 258.74ns 7093.65ns 0.02ns 489.51*** 0.002ns 58.29*** 0.03ns 11949.01***
HG × PD 8 597.35ns 8274.70ns 0.03ns 23.39ns 0.006ns 4.575 0.01ns 528.45ns 
Error 28 620.29 5527.12 0.03 11.94 0.005 2.79 0.03 540.62 
CV%  23.72 19.84 21.33 22.85 29.30 34.38 10.56 32.19 

*** = Significant at P < 0.001 and ** = Significant at P < 0.01 ** = Significant at P < 0.05 and ns = Non significant at P < 0.05; THI = number of tillers/hill; LHI  = 
number of leaves/hill; FWHI = fresh herbage yield/hill; DWHI = dry herbage yield/hill; FBYH = fresh herbage yield/ha; DBYH = dry herbage yield/ha; EOC = essential oil 
content ; EOY = essential oil yield 

 
Table 2 Mean comparison for different traits of palmarosa under varying harvesting age and population density. 
Treatments THI LHI FWHI FBYH DWHI DBYH EOC EOY 
Harvesting age in months 

3 100.13 210.57 c 1.07 a 21.20 a 0.31 a 6.06 a 1.63 a 94.77 a 
4 102.27 415.70 ab 0.78 b 15.30 b 0.25 a 4.93 ab 1.54 ab 75.64 ab 
5 112.89 402.48 ab 0.79 b 15.05 b 0.24 ab 4.50 ab 1.62 a 69.03 bc 
6 111.37 469.64 a 0.70 bc 13.80 b 0.26 a 5.41 a 1.44 b 72.70 ab 
7 98.17 374.69 b 0.54 c 10.26 c 0.18 b 3.39 b 1.43 b 48.99 c 
LSD0.05 ns 71.789 0.16 3.3371 0.07 1.6132 0.1562 22.452 

Plant population density (plants/ha) 
27,778 100.41 350.01 0.75 20.86 a 0.25 6.85 a 1.48 100.65 a 
18,518 108.54 391.26 0.81 15.08 b 0.26 4.81 b 1.57 71.81 b 
12,346 105.95 382.58 0.76 9.43 c 0.24 2.91 c 1.55 44.21 c 
LSD0.05 ns ns ns 2.5849 ns 1.2496 ns 17.391 
CV % 23.72 19.84 21.33 22.85 29.30 34.38 10.56 32.19 
Means followed by the same letter are statistically non significant at P < 0.05 according to least significant difference (LSD) test; THI = number of tillers/hill; LHI  = 
number of leaves/hill; FWHI = fresh herbage yield/hill; DWHI = dry herbage yield/hill; FBYH = fresh herbage yield/ha; DBYH = dry herbage yield/ha; EOC = essential oil 
content ; EOY = essential oil yield 
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weight/hill and dry herbage yield/ha, highest and compara-
ble values were recorded for harvests made from 3 to 6 
MAP; the values were decreased for plants harvested at 7 
MAP (Table 2). In accordance with this finding Zewdinesh 
(2010) reported a decreasing trend of dry leaf yield with 
increasing age in Artemisia annua. 

EO content and yield varied from 1.43-1.63% and 
48.99-94.77 kg/ha, respectively. The highest values were 
obtained for harvests made at every three months, while the 
lower values were recorded when harvesting was made at 
every 7 months for both EO content and yield. In agreement 
to this finding, higher EO content and yield at bud forma-
tion than flowering was reported by Zheljazkov and Creven 
(2009) in peppermint. Contrary to this finding, an increase 
in EO content with increasing harvesting age was reported 
by Verma et al. (2010) for menthol mint and peppermint, 
Beemnet et al. (2011) for peppermint. An increase in EO 
yield of Japanese mint with increasing harvesting age was 
also reported by Solomon and Beemnet (2011). In this study, 
the higher EO yield was obtained for harvests made at ear-
lier age. This is due to the reason that harvests made at 3 
months interval is repeated four times throughout the year, 
but with prolonging harvesting ages, harvest frequency de-
creased and the obtained yield was also decreased. 
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