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EXTENDED ABSTRACT

Introduction: One of the key environmental challenges in sustainable agriculture is the
management of plant residues. Medicinal plants, belonging to the aromatic group and
possessing high economic value, are typically used for a small portion of their biomass, while
a substantial amount is burned in the field. Similarly, pistachio dehulling residues, although
rich in essential nutrients, are often discarded. Vermicomposting is a low-cost and eco-friendly
technique that converts agricultural waste into valuable organic fertilizer. This study aims to
evaluate the potential for nutrient recovery from selected plant residues and transform them into
a suitable organic fertilizer through the vermicomposting process.

Materials and Methods: Plant residues from chamomile, madder, valerian, licorice, and
pistachio were used as raw materials for vermicompost production. The experiment was arranged
in a completely randomized design (CRD) with five treatments and three replications. Each
treatment substrate was composed of 80% (v/v) plant residue, 15% (v/v) cow manure, and 5%
(v/v) of Eisenia fetida earthworms. All composting substrates were maintained under shaded
conditions and monitored regularly to maintain optimal environmental parameters, including 70%
moisture content, pH in the range of 6.8—7.2, and temperature between 18-25 °C. Vermicompost
maturity was assessed based on a C/N ratio between 20 and 30, a change in color to dark brown,
and approximately 50% reduction in substrate volume. After a period of 30 to 120 days, samples
were harvested. Statistical differences among replicates were determined using Duncan's multiple
range test at a 5% significance level. Paired t-tests were employed to compare the chemical
properties of the initial substrates with the final vermicompost products.

Results and discussion: The vermicomposting duration ranged from 30 days for licorice
residues to 120 days for chamomile. Earthworm growth rates across treatments varied from 1.46
to 9.02 g. Analysis of the chemical properties showed a significant increase in total nitrogen
content in the final vermicompost, ranging from 11.66 to 22.07 g/kg. Paired comparisons
revealed significant differences in total phosphorus levels between the raw materials and the
vermicompost across all treatments. Additionally, total potassium content increased after
vermicomposting ranging from 14.01 to 36.34 g/kg. The C/N ratio decreased markedly from
37.76-46.55 in the raw materials to 18.40-21.62 in the final products, confirming compost
maturity in all treatments. The increase in nitrogen content is attributed to the secretion of mucus,
growth-promoting hormones, nitrogenous compounds, and digestive enzymes by earthworms.
Phosphatase enzymes in the digestive system of E. fetida facilitated the conversion of insoluble
phosphorus into plant-available forms. Moreover, the rich microbial flora in the earthworm's gut
contributed to the increased potassium levels. The decomposition of plant biomass during the
vermicomposting process also enhanced earthworm growth and reproduction, contributing to the
reduction in the C/N ratio. Differences in compost quality were influenced by the composition
of plant residues, particularly their cellulose structure and phenolic content.

Conclusion: The results of this study demonstrate that nutrient-rich vermicompost can be
produced from medicinal plant residues and pistachio waste. Among the treatments, valerian
residues led to the highest increase in total nitrogen and potassium contents, reaching 11.61 and
24.53 g/kg, respectively outperforming other treatments. The highest change in total phosphorus
was observed in the madder treatment, with an increase of 8.80 g/kg. These findings confirm the
feasibility of converting medicinal plant waste into high-quality organic fertilizer through
vermicomposting. Variations in compost quality are likely due to differences in the physical and
chemical properties of the residues, including high cellulose and phenolic compound content and
their influence on earthworm growth. This study introduces the vermicomposting of selected plant
biomass as a sustainable and environmentally friendly strategy for organic fertilizer production.
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Table 1. Chemical analysis of cow dung

Oluogas G Eleterical Total Total Total organi i
- - ganic organic 59 hd
Properties p conductivity nitrogen Phosphorous carbon carbon © B
(@S m™) (g ke (gke (g kg (g kg CN c/e
&3 55
Cow 7.04 2.92 8.51 6.26 6.32 300.08 35.26 47.93
Manure

(Bsmaeili et s 0 S a5 sub, slo sl
0l duwloes (V) 9 (V) slaadal, 5l oolazwl b al., 2020)

W1 - W2
GR = \
T, QD)
Py
SR =—x100 M
Py

adsl 05 e S Wa s Wiaal; 2 5 GR baabasly ol o
g Gl e g G pS e p 1y e S ol g

‘M%J@)j

P, 6‘5.’L°sb) CJ" SR <39, Q‘».LUW)J‘) “‘*"9““"5(5")5

syl by cae T
o g o LeyS 2l g adsl Comer i 4P

D23 oo Gl 1) CawgraS o0)y5 S
5 olealS bl ggmilagw 4gs LEC 5 pH gl
(0 S35V D oy Ol CesgaS o)
(Tajbakhsh er o s Jlooms 2EC ¢ pH L

Somnd oy sCemgeS (009 Sl p oy (05 a2l
Fusilero et ) o9 Y+-V+ 4 s ;0 g 4 (0,5
Yo CawgaaS ooy plosl a3 b 50 13 (al, 2013
olo o @l (:Sle 5 )0 paiged Lo w51 LSS 55,
5 055 Slogtd 4 L fwy ) s eizred Al B)1S
Sasls plyis 4 5 bl e gaeys 00 als
CESHE Ay oyee by gl (S g (2

(Fusilero et al., 2013)
oy SBCumgeaS g0y« 2Eiilej] @i 4 4z b
slep,S gilulas i clls y 5e, VY-V 5l
Syge B (9,5 SaS by s Ojge & SB
3 S aan SO« yhg, (pl yo (Patraetal, 2022) 8,8
@ lp,S 5 wass 6 lol o i (angeeS gayg el
obeds g o (gl +IYFO) Y Lo by Jled Cumaz lgie

INERVRIL Y

VEeF sl oY ol Y 0,50 e s samma pole anlilad

ey



Ohes 5 (Joke

039555 S T 52,5 olie a4 az g b (59,50 4o yiad

3 bjles ans sl pH b oF 5 ¥ Jshis L aillas
Mg 0oy Vim0 CawgiaS 05 9 (BLS L
GANY 5l ol Ll )0 adsl pH lade (rizren o5
P10 B FIYD oy ComgeoS says 55 5 F Jsaz) VIV

D2 e (B Jguz)

5 S b JalnS hg, 4 S i al, 2008)
bocesys & Sas gl bl 5l Gy IS5 el
(APHA, KW 6)..50)L.\.v| ‘1,...15 64.1&..» 9 ).«.05..35)..5...“)‘
slediges 51 0,5 ¢V Sz Glusl by, ,0 2012)
ds Gde dy g A dlBu, (S 059,5 JF1 eads wlow]
ax,0 00 glo b SO pusdloo)6S Jols o cele
(Kamegam et al, 2021) <85 1,8 o5 ~sle
Sl olse Gailisw oy 4 I 25 aoje (rizen
G 9 (Y5955 43 (90,5 Cemns (Nelson et al., 1996)

P Gl (2lerd Oloogas (Ol o (uke) (il ylg 42325 -F Jgo
Table 2. ANOVA (mean square) of properties in plant residues

IRV 359 s S N
Slpei lo 420 gl - M FAd e iy STy oS wonS
Source of &l pH e o Total Total Organic 059y ywd
iationtri Eleterical Total phosphorous i
variationtrial dr potassium carbon C/N C/P
conductivity nitrogen
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Table 3. Comparison of mean chemical properties in plant residues
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Ll 7.41 10.43 485.53 46.55 133.02
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OB
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Means followed by the letter are not significantly different within a column
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Table 4. ANOVA (mean square) of properties in vermicompost
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Uas
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**: Significance at 1%
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Table 5. Comparison of mean chemical properties in vermicompost
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CawgaoS (09 ’ Eleterical Total Total Total Organic e s . .
Vermicompost P conductivity nitrogen phosphorous  potassium carbon el s
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Aoy 523+ 11.66 11.66 242.52 20.89 31.07
Chamomile  002bc 023 *0:04 +0.11c 14.01 £0.01e £0.11c £001d  +00lb  +0.01d
| RPN 5.43 11.91 11.91 257.51 21.62 31.79
(SRS g
Licorice +0.01b 372 #0564 +0.02b 20.64+0.47¢ +0.02b +0.02¢ +0.01a +0.01¢
b 495+ 11.66 + 11.66 214.55 18.40 17.60
[Saad’D]
Madder 0.02¢ 8.78 +0.20a 0.02¢ 19.92 £0.02d +0.02¢ +0.01¢ +00le  +00le
oo 7.25 22.04 22.04 449 .50 20.39 55.22
Pistachio +0.02a 7.08 +0.14b +0.10a 24.50 £0.56b +0.10a +0.10a +0.01c +0.01b
bl fsw 541 22.07 + 22.07 443.12 20.07 66.03
Valerian +0.08b 361 +£0.02d 0.04a 36.34£0.04a +0.04a +0.01b +0.01d +0.01a
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Means followed by the letter are not significantly different within a column
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Table 6. Statistical data analysis between raw material and vermicompost

Jlois! i
b sl )by p-value
Parameters wgil RERP obs) ] ol s
Chamomile Licorice Madder Pistachio Valerian
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C;“ 0.003 <0.001 0.009 <0.001 0.007
p
=S el
é*"ﬂ e <0.001 0.005 <0.001 0.017 0.003
Eleterical conductivity
S o <0.001 0.005 <0.01 0.015 <0.001
Total nitrogen
S <0.001 <0.001 <0.001 0.008 0.013
Total phosphorous
o
& e <0.001 <0.001 <0.001 <0.001 <0.001
Total potassium
1.
e , o <0.001 0.003 <0.001 <0.001 <0.001
Organic carbon
S <0.001 0.005 <0.001 <0.001 <0.001
C/N
s C’/”‘P“""; <0.001 0.035 <0.001 <0.001 <0.001

The significant level was at P_0.05
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Fig. 5- Total potassium changes in raw material and vermicompost of different treatments
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Fig. 6- Total organic carbon changes in raw material and vermicompost of different treatments
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Table 7. The progress of vermicomposting in chamomile substrate

L i adsl SITAR 9% 39,4 39,7 Cudls
Substrate Initial 30 days 60 days 90 (days) 120 (days) Harvest
Chamomile a5l
Sons
Organic carbon 485.53+0.02 480.15+0.01 374.28+0.29 363.20+0.50 242.5240.01
(gkeg™
I oseres
Total nitrogen 10.43+0.04 10.98+0.08 11.32£0.12 11.48+0.42 11.66+0.02
(gkeg™
Qj’@/; o 46.55+0.01 43.72+0.01 33.06+0.01 31.63+0.01 20.79+0.01 20.79+0.01
Obin b m 58 CowgnoS'(00y9 Wil 8 Cd piy Wig) —A Jour
Table 8. The progress of vermicomposting in licorice substrate
U yinn adg! BTN 39,8+ STTRY 397 el
Substrates Initial 30 days 60 days 90 (days) 120 (days) Harvest
Licorice ylucy s
Sonss
Organic carbon 451.40+0.04 257.51+0.08 o _ _
(gkeg™)
I e
Total nitrogen 11.65+0.01 11.91 £0.02 _ _ _
(gkg™
W”‘gﬂ‘: o 38.74+0.01 21.62+0.01 o o 21.6240.01
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Table 9. The progress of vermicomposting in madder substrate

L i adsl SITAR 9% 5954 SITAAN el 2
Substrates Initial 30 days 60 days 90 (days) 120 (days) Harvest
Madder Uy,
IS s
Organic carbon 438.13+0.01 388.17+0.12 214.55+0.01 . o -
(gkg™")
5 Giere
Total nitrogen 11.60+0.02 11.63+0.32 11.66 +£0.02 . o -
(gkg™")
3o 4 o 37.76+0.01 33.370.01 18.40+0.01 o e 18.40+0.01
C/N
Ay 33 CanigenS (5039 Wr | 3 S oy g —Ve Jguz
Table 10. The progress of vermicomposting in pistachio substrate
2 i adgl SITAR 9% SITRYE SITRMS cdlo p
Substrates Initial 30 days 60 days 90 (days) 120 (days) Harvest
Pistachio ai.,
I s
Organic carbon 490.90+0.01 470.81£1.11 449.50+0.01 o o o
(gkeg™
g5 Giers
Total nitrogen 12.76+0.02 15.05+£0.10 22.04+0.10 o o o
(gkg™")
0o 4 o 38.4740.01 31.2840.01 20.39+0.01 o e 20.3940.01
C/N
ol s it 33 oS (o0 53 WisT 3 b iy gy VY Jgur
Table 11. The progress of vermicomposting in valerian substrate
L i sl SITAN 3955 5954 3957 bl 2
Substrates Initial 30 days 60 days 90 (days) 120 (days) Harvest
Valerian _olall Jos
I o
Organic carbon 473.22+0.01 461.22+0.42 443.13+0.10 o o
(gkg™)
NRIT
Total nitrogen 10.46+0.02 13.42+0.04 22.07+0.044 o o
(gkg")
u”"g/; o 45.2420.01 3436 +0.01 20.07+0.01 L L 20.070.01
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Fig. 7- C/N ratio changes in raw material and vermicompost of different treatments
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Fig. 8- C/P ratio changes in raw material and vermicompost of different treatments
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Table 12.Variance analysis (mean square) E. fetida growth index in different substrates

039 Sl (339 (Sl A adgl Como Sl Core o s
Sl gle 422 4! sl Nt P gy e S e s oo
R )
Source of &ol3! Primary Terminal weight Growth Primary Terminal Survival
variationtrial df weight weight gained rate worms worms rate
mean mean population population
Sy
CemsgaS (5059 4 61.43ns 478.93* 381.56* 23.48** 456.66ns 1044.33* 918.09*
Vermicompost
substrates
Uas
10 14.80 19.13 16.43 0.13 14.71 20.03 20.01
Error
Ol a5 i
r‘gv e 0.20 0.90 0.16 0.59 0.06 0.80 0.09

*, *#* and ns: Significance at 1%
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Table 13. E. fetida growth index in different substrates

o S 039 oSk G 53 sy Er Be,S Sbb corex looiy woy0
) Terminal weight mean . . Growth Terminal worms Survival rate
Substrates @ Net weight gained (g) rate population (%)
59l
e . 422.66+57.4c 177.66+48.9b 1.46+0.4d 2113.13+£2.0c 197.51+23.6b
Chamomile
ol 52333425.1a 270.66+19a 9.02+0.6a 2566.66+57.7a 234.17+17a
Licorice
by, 498+13.1ab 250.33+7.5a 4.1740.1b 2490+65.5ab 230.33+10.4a
Madder
A
T 513.334+20.8bc 256.0+12a 3.31£0.0c 2276.66+25.1bc 197.26+6.3b
Pistachio
l .
V | s 496.66+20.8ab 241.66+16a 4.02+0.2b 2483.33+10.4ab 215.96+2.6ab
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