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Table 3. Variance analysis for traits of lemon balm at different levels of NPK and vermicompost

s QFD IR &y NE.C# aLa slaws PN\. Lu.r ﬁﬂ& ey FRTE < o 5583 <
I Degrees of Plant Number of . . . . .
Sources of variation froedom height branches Leaf length Leaf width Wet weight yield Dry weight yield
<
? ML 2 33.50™ 7.21™ 14.38™ 221™ 993548"™ 200109™
Repetition
elasd 58 s o o s .
3 362.5 77.78 383.33 101.48 79855216 12851102*
NPK
(.cxw et 2 257.6" 123.51" 219.00" 63.20" 38549795 20732488**
Vermicompost
< t.x > 6 47.14° 15.47 3521 2.910™ 6978312° 2810960*
VermixNPK
L= Error 22 18.04 5.99 13.27 9.10 2507648 1085294
(/) &l i < 6 Coefficient of variation (%) 9.01 12.17 8.02 9.36 7.24 12.1
Sk e Al o 585 Sl 505 P IV S bl Aoy . it > Shas .
Sources of variation Degrees of Wet weight of leaf Wet weight of stem Leaf/stem wmﬁoo:mwmm N f Yield of .ommm::w_
freedom essential oil oil
scw ns ns ns ns ns
-~ 2 7545 8837 0.026 0.00003 0.041
Repetition
Lot ok ox . ok ok
oot 255 3 581320 81857 0.153 0.001 18.50
NPK
(fw = 2 173369™ 41526 0.48™ 0.0003" 9.12™
Vermicompost
g 6 56468" 11973 0.032" 0.000005™ 150"
VermixNPK
(P53
22 13246 7908 0.033 0.00003 0.308
Error
(1) &l i <o 6 Coefficient of variation (%) 8.22 12.2 945 771 13.74

**significant at 1% level, * significant at 5% level, " not significant
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Table 4. Mean comparison of investigated traits under the influence of NPK and vermicompost treatments by LSD method at 5% level

2530 o 53 LSD 55 b S sinS (gnps 5 oot 355 lasledd 30 o gy 2 3590 Sl S0l alin —F U
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ooHMMMHm ¢ NPK Plant height Number of branches Leaf length Leaf width Wet weight yield Dry weight yield
*0 34.66° 14.93° 31.79" 24.45° 1643° 606.5"
s aslind 100 44.60° 16.35 41.44% 29.63% 1829 668.3¢"
Non-used 150 44.61° 16.92% 44.53%F 31.13b% 2066 704,27
200 43.90° 17.43%" 44 85%f 33.09*¢ 2416 860.7°"
0 36.47¢ 16.11¢ 36.38%" 28.56% 1719° 748.7°"
e s 50 100 44.36° 19.27¢ 41.72% 33.18%¢ 2102 792.4%¢
S tons per hectare 150
58.52° 27.02° 56.9° 36.90° 2613* 1170°
200 55.04° 25.1% 51.91% 3527 2512 969.4%
0 4551° 18.78" 42.37°% 29.20% 2085 831.0°¢
SESERAN 100 4735 20.73% 48.33% 34.61%% 236" 914.6%¢
10 tons per hectare
150 54.61° 22.72% 50,02 34,67 2427 958.5%
200 55.93" 25.99% 54.85%® 35.96" 2508® 1103®
LSD 5% 7.19 4.14 6.17 5.11 268.1 176.4

Means with the same letters are not significantly different based on LSD test
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Continued Table 4. Mean comparison of investigated traits under the influence of NPK and vermicompost treatments by LSD method at 5% level

0595
compost by Wet weight of leaf Wet weight of stem Leaf/stem essential oil Yield of essential oil
NPK
*0 984.4° 595.2 1.653% 0.050¢ 0.185'
ok a3lizl 100 1141% 610.3¢ 1.907® 0.057% 0.240"
Non-used 150 13473 654.9% 2.073° 0.080* 0.347°
200 1620 784.3%* 2.083° 0.080° 0.452%
0 983.5° 620.1¢ 1.590° 0.060° 0.251%"
S s 50 100 1262 646.9% 1.960™ 0.063™ 0.304"
5 tons per hectare 150 1792° 931.9* 1.920% 0.087% 0.669°
200 1614® 833.3% 1.943%® 0.080° 0.505%
0 1353%* 696.5>4 1.943% 0.063" 0.335%
e s o5 Ve 100 14033 711.9%¢ 2.003" 0.070° 0.370°
10 tons per hectare 150 1611° 818.6® 1.973° 0.087* 0.553™
200 1682 8427 2.007° 0.087° 0.635™
LSD 5% 6163 150.6 0.308 0.009 0.094

Means with the same letters are not significantly different based on LSD test
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Extended Abstract

RahmatiT H., Investigating the effect of chemical fertilizer and vermin compost on the agro-morpholog-
ical characteristics and oil yield of lemon balm(Melissaofficinalis L.) in Kermanshah province climates.
Applied Research in Field Crops Vol 36, No. 3, 2023, 7-9: 40-57(in Persian)

Introduction:

Lemon balm (Melissa officinalis L) is a plant rich in valuable metabolites,
making it highly significant in the food, pharmaceutical and health industries due
to its medicinal properties (Cunha et al., 2016). Identifying the agricultural factors
affecting the quantitative and qualitative changes of medicinal plants can be the
reason for their improved and increased production (Abbaszadeh et al., 2005).
The use of chemical fertilizers has led to many environmental problems, therefore
the use of organic fertilizers is important in order to reduce the consumption of
chemical fertilizers to achieve sustainable agriculture (Hoseini ef al., 2022).

Materials&Methods:

This research was carried out as a factorial design in the form of a randomized
complete block design with two factors and three replications under irrigated
conditions in Kermanshah province during the cropping year of 2021-2022. The
first factor included four levels of NPK chemical fertilizers (with proportions of

20,20 and 10% N. P and K, respectively) at rates of zero, 100. 150 and 200 ke per
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hectare. The second factor consisted of three levels of vermicompost at rates of
zero, 5 and 10 tons per hectare. Five plants were randomly selected from each pot
and measurements were taken for plant height, number of branches per plant, leaf
length and width. At the flowering stage, a one square meter area was harvested
from each plot and the fresh weight yield was recorded in kilograms per hectare.
In the next step, leaves and stems were separated from each other and weighed
individually for each plot, allowing for the calculation of leaf and stem fresh weight
and leaf to stem ratio. The samples harvested from each plot were dried in shade
and the dry weight yield for each plot was calculated. Essential oil was extracted
from 20 grams of dried leaves from each plot using the Clevenger apparatus and
the percentage of essential oil was determined for each plot. Finally, based on the
dry leaf'yield per hectare, the essential oil yield per hectare was calculated for each
plot.

Results&Discussion:

The analysis of variance showed that different levels of NPK had a significant
effect on the all traits at the 1% level. Different levels of vermicompost significantly
affected most traits at the 1% level, had a significant effect on the leaf length at the
5% level, but had no significant effect on leaf width. The interaction effect of NPK
x vermicompost was significant at the 5% level for most traits, at the 1% level
for leaf wet weight and essential oil yield. No significant interaction effect was
observed for leaf width, essential oil percentage, stem fresh weight and leaf/stem.
The mean comparison by the LSD method at the 5% level showed that with the
increase in NPK levels, the agricultural characteristics of lemon balm significantly
increased, and also with the increase in vermicompost levels, vegetative growth
and essential oil yield increased significantly. The best growing conditions and
essential oil production were achieved with 150 kg/ha of NPK combined with 5
tons/ha of vermicompost.

Conclusion:

The results of this study revealed that fertilizer use was able to significantly
increase vegetative growth and essential oil yield in lemon balm. Accordingly,

in the climatic conditions of Kermanshah province, the combined use of NPK
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fertilizer and vermicompost markedly enhanced the yield and production of
essential oil. Due to the interaction between these two types of fertilizers, the
treatment of 150 kg of NPK per hectare along with the consumption of 5 tons per
hectare of vermicompost is recommended for the cultivation of lemon balm in
Kermanshah province.

Keywords: medicinal plant, NPK, oil, organic fertilizer, plant nutrition, product

production.
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