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Introduction: One of the environmental challenges of sustain i i re is plant residues
management. Medicinal plants are from aromatic groups with high e
plants is often a short tissue and these huge biomass is burned in field. Dehulling pistachio as waste parts

is rich source of nutrients but these are thrown away. Verm post technology is a cheap method to

transform agricultural waste to an environmen®@ffiéndly p e present study examines some waste

plant nutrients recyclability into a suitable organic ferti s“liicompost

.

Material and Methods: Raw materials were preparedyfrom chamomile, licorice, madder, valerian and

pistachio, to produce vermicomp@st. Substrates\have al
15% V cow dung plus Wo Es i ida. The

humidity at 70% and pHhra

ged at 15 boxes with 80% V of plant residue plus

After 30-12 were harvested. A significant difference of data with three replicates was
multiple range test at the 5% level. To compare the mean value of chemical
properties in initidlysubstrate before the vermicomposting with final products was used paired t-test

statistical analysis.

Results and discussion: The minimum and maximum duration of vermicomposting was shown in licorice
and chamomile, as recorded 30 and 120 days, respectively. The growth rate of earthworms range was
between 1.46-9.02 in different substrates. Chemical properties analysis of treatments was showed a
significant increase in total nitrogen between 11.66-22.07 g/kg in vermicompost. Significantly different
mean results revealed in the amount of total phosphorus for all treatments between raw materials and
vermicompost. The amount of total potassium increased after vermicomposting and the range was from
14.01 to 36.34 g/kg. Also, the C/N ratio decreased from 37.46-76.55 in raw materials to 18.21-40.62 in

* Corresponding Author Email Address: h.asadi@khuisf.ac.ir


mailto:h.asadi@khuisf.ac.ir

vermicomposts and all treatments reached the harvest index. Nitrogen increase in final substrate is under
effect of the mucus secretion, growth-stimulating hormones, nitrogen-containing substances, and enzymes
secreted, by earthworms. Earthworm phosphatase enzyme in the digestion process converts insoluble
phosphorus into a soluble form. Also, rich micro-flora in the earthworm'’s digestive system increases the
level of potassium in the mature vermicompost. In addition, destruction biomass of plant residues, increased
the growth and reproduction of earthworms and decreased the C/N ratio, by vermicomposting either.

Conclusion: According to the results of this study, total nitrogen and potassium in vermicompost of
valerian increased by 11.61 and 24.53 g/kg, respectively, that they were better resultsg@ompare to other

fertilizer is possible. The existence of hard cellulose tissue and high phenolic comp he waste of
medicinal plants has affected on the growth rate of the earthworm and%e vermicgmposts quality. The
present research introduce the unutilized of biomass of some plant _residu source of fertilizer
without environmental pollution.
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Table 1. Chemi881 an ow}ag
Slwogas  gls = 5 W el oS wesS oS
Properties pH Y ST ol o«
Total organic C/N d
organic carbon c/p
carbon (g kg?)
(9 kg?)

6.32 300.08 3526 47.93
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Source of df Eleterical Total Total Total Organic C/N C/P
variationtrial conductivity nitrogen phosphorous potassium  carbon
LS Ll 4  0.74” 5.40™ 0.55™ 0.13™ 29.76™  1519.87™ 58.81™ 877.33"
Plant residue
o 10 0.27 0.15 0.22 0.10 0.53 3.12 2.67 1.07
Error
CHNUF B - 0.08 0.18 0.90 0.13 0.18 0.40 0.07 0.14
cVv
Loy ) *.ﬂ 03 (Sols e ik
**: Significance at 1%
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Table 3. Comparison of chemical properties in pl%t residue
wlsls gl Colaa 039y IS yhund TS woyS oS
Ry pH ] Js Total Organic  jgpd  yawd
Plant Eleterical Total phospho-lrous ) carbc_>1n C/N C/P
residue conductivity nitrogen (@kg?) (@kg™) (@ kg?)
(ds m™) (9 kg?)
Sl 741 591 #0020  10We® 10. 10.43 48553 4655 133.02
Chamomile  £0-40d £0.0 00 20020 0012 001
Olec e 8.06+ 4.67 +0.07d 11.65 11.65 451.40 38.74 106.96
Licorice 0.06ab +0.10b +0.10b +0.04d  +0.01c +0.01c
b, 7.91 7.9410.10a 1760 55+0.03c 1160+ 438.13  37.76 129.62
Madder ~ *0.18bc e +0. 0.02¢c +0.0le $0.0le +0.01b
FEo 785+ ¥b.13 12.76 10.43 +£0.01d 12.76 490.90 3847 95.87
Pistachio O&Oc“ +0.02a +0.02a +0.0la +0.01d zo.0le
el fs 4e 1046+ 11.81+0.01b 10.46 47322 4524  96.57
Valeri 0.02d +0.02d +0.0lc +0.01b +0.01d
Sl Hlo gime BT A3L g ;o 50 wlivne B> L b, Sl
Means follo tter are not significantly different within a column
09 2ol Oluogas (Ola yo (uiilo) il ylg 4325 -F Jou
ble 4. Variance analysis (mean square) of the vermicompost
Oyl @lo a2y gl Cylan 03955 JS yhad I oly oS agpsS ams
S(.JUI-’CQ of eolT pH ety Js Total Totffll Organic  3q s o
variationtrial df Eleterical Total phosphorous potassium  carbon C/N c/p
conductivity nitrogen
CawgeoS a9 4  0.20" 5.53™ 95.72™ 13.85™ 206.28™  787.70™ 4.31™ 1164.16™
Vermicompost
las- 10 0.01 0.16 2.04 0.36 0.30 0.10 2.21 0.44
Error
RV NS - 0.03 0.19 0.32 0.56 0.33 0.06 0.50 0.45
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Table 5. Comparison of chemical properties in vermicompost

CowgeoS 5259 (PR VL V| FURE S Po¢ Js s Femly  SoS  amS eSS

Vermicompost ~ pH Eleterical Js Total Total Organic = 558 yaud

conductivity Tty Phosphorous  potassium  carbon CIN c/p

(dS m-l) nitrogen (g kgl) (g kgl) (g k@l
(9 kg?)
Gl 523+ 6.25 11.66 14.01 11.66 31.07
Chamomile  0:02bc 10.04c 10.11c 10.01e +0.01d
Ol 5.43 5.72 1191 20.64 21.62 3179
Licorice 10.01b +0.56d +0.02b +0.47c +0.0la +0.01c
s, 4,95+ 8.78 11.66 + 19.92 18.40 17.60
Madder 0.02¢c 10.20a 0.02¢c +0.02d +0.0le +0.0le
oo 7.25 7.08 22.04 24.50 . 20.39 55.22
Pistachio +0.02a +0.14b +0.10a +0.10a +0.10a +0.01c +0.01b
codall L 5.41 5.61 22.07 + . 22.07 443.12  20.07 66.03
Valerian +0.08b +0.02d 0. . e +0.04a #0.01b +0.01d +0.0la
o e P38 gt 52 50 alie o | o Sileo

Means followed by the letter are not significantly t withna column

b o solol (sloosld Juloxd g 4325 —F Jga
analysis between raw material and vermicompost

Jloso i

p-value
aigl oo b Ay el
\ Chamomile Licorice Madder Pistachio Valerian
0.003 <0.001 0.009 <0.001 0.007
[JEIRYS <0.001 0.005 <0.001 0.017 0.003
Eleterical conductivity
JS 5,0 <0.001 0.005 <0.01 0.015 <0.001
Total nitrogen
Js aud <0.001 <0.001  <0.001 0.008 0.013
Total phosphorous
JS ey <0.001 <0.001  <0.001 <0.001 <0.001
Total potassium
S onss <0.001 0.003 <0.001 <0.001 <0.001

Organic carbon



s 4 oS <0.001 0.005 <0001 <0001  <0.001

C/N
Sad 4y op S <0.001 0.035 <0.001 <0.001 <0.001

C/P

35 P_0.05 jo 5 ls e mlaws

The significant level was at P_0.05
Slps ) JSKS 09y o pre o )0 0 mhaw o Solel L 5l e jless gaen yo PH &l s a5 ols (ylas £ Jgo

.
10 sl oale
a a a a Gy A

8

b > b

. 6 b =

Sz T + 2 I
W 2y
2
0

Chamomile x4l licorice ;Lo madder s, Pistachio «...  Valerian Ll J.c.

M‘SLB)LM &m,.s.osso)gs - 60.>Lo 3o pH u‘r\.m—\ J&w
Fig. 1- pH change§in raw material and vermicompost of different treatments

.

cdlo ol eSg o i va‘lswl \ CesgoS soys Sl b b iy b adgl ey PH a8 ols )L anlllas o]

(Tajbakhsh et ow‘;j = 95w Jolge lawgs JT slaowl § o SarnSTes odgs s 4 ailgs oo
O PH aaw oS b cwl pH Ol s 5L 51 (b Gose (55,505 al., 2008)
ol 5 9s8se ST Sligel s g0 a4 (2L SlaieSsn 5 Lz 00 O35
v a8 ol olas @ 9 & Tl ool Bras CuwgeS b (Garcia-S_anchez et al., 2017) wigd oo
CrmgeoS 0)9 )3 P o 5 08 28l opolie @l 3 500 Slalllae jo . 28b ol wo 0 A ol Jpame 5 PH
oz (Aalietal., 2017) ol zals adsl yiws 4 Cas Bl Gluls 5 7,8 (g0l B pas CavgesS 5l Jol>

(Mago etal., 2021) ws ol Jsame ;0 PH maw (ialS cel CavganS coy5 4 jo0 Olals o
(Y Jso2) CewgaaS 0059 9 (V Jgoz) (2SI Ll 5o by jless den 5l EC mhaw o5 amo g0 liad (uilylg Julos



oS solas

ydie o g een j g OIVY B AIVA Sl laiansgaS c0)9 50 EC grlaws (1 Jooz) ol (31557 e uon jomd
ol CavgreS ca)g Slp i 4 (So Sl Culaa mhas (Sl 9 YL sl (a0 0 Jsu2) on
oSl colas o Hla 51 codall fis 5 QLo el CangaS (05 (e ol Cod Hlon el g el Sluls

REHRCRPR CPSPIRE ) LE B R e
Alio 4 azgi b og o g 00 )0 0 mhaw o bl 5 eyl saen 0 EC &l s a5 ols lis £ Jgo

..\,.Jj.e 3 om ekl s Sluls uzen 0l canlice any = »EC Gla.wdw oiJSM 30 5l

(Y JS8) cllo 1) EC Ol jusd o s cad sl s 4y Cod il 38l e 5y eienj oo VAQ L 9
L)
10 T ma ) sale
G a I 53S9
=6 | T 2
g 1
84
2
0

Chamomile «sl licorice ologmws  madder L.bs, Pistachio «r..  Valerian e L J.c.

Fig. 2- EC clyanges i

09 9 &g/ 30 S SN S fad &y —F S
aterial and vermicompost of different treatments

ol P ..:Mul‘“..gls v lgo ials 5 gome slacSles cdale 4y CangroS 0y ;0 EC 258l

Sty Gl 5 Bighse Jolome shne (slacKas Jplonal JISE! ciapsa s
55, 530 I slo s b by aglin 13 (553l (59 b (510 EC L iy, Ll
e plail jo Sad Fale a5 el ools lis o gl (o cwl 0ol Bl L el slaS L as L as

Cdx 0 wlg, ol sleaiy, YL SUly Jdo 4yl S 140 (Biruti et al., 2010) el aiy ) 5l yiios b,

L piagh cnl el ool adl il 55 O 3l 0ad ad CevgeeS soy5 6y58 Olie s sl S 5l o
(Banakar et al., 2013) coisls cisllae g ymw oS Slauls 5l Jol> CavganS o9 5 00wl Caws 4 slaazily
(FJguz) CanwgueS (0059 9 (Y J902) (2L Ll 1o o jles aed sl JS (359 508 «las po (uS5lo Jgar 42 465 b

Slagls g ols plis ainy Slald lp 1) U5 G395 rrtia doeSle amlie mls g o ne 20,0 whaw o



STV V L i iy g ol i CewgeaS 09 Lol (F Jguz) axitls 1) zslaw o a8 clall foiw 5 4352l
CawgeaS s0)9 Sln 35 U5 0395 eSSl bajlosd G 50 1) U 039558 iYL S ek S YY/HY
(O Jgaz) 0l (5,155 0 S5lS 5 0 S VPP 5 VYRR ol 5 gl 5 (ol

F IS 0 o siae vy O mhaw o Solel 5l b less gand 4o IS 590 Ol s aS ol i £ Jgas
bl e CavgiaS a9 28l 2l W fas 55 S (3955 «CagieS (5059 g gy JLis 4 aS e e LS
adle W yless o jo 1y ST (59,50 o i ‘_sml.f adl oaugwdwl a=lg VPV L

N

VL I S saaSs0) I

b
TR b
=10
[y
°
0

Chamomile «gb licorice ;locp oo madder L.bs,  Pistachio «.. Valerian cobll Lo

30 ma s ool

85 0395
e
[
(Sa}

ilieo 5o slod CowgraS (o059 9 4l S IR ol i -1 S

Fig. 3- Total nitrogen changes in raw mate d ver“icompost of different treatments
&3l S 5l (b pgaigel 5 u;s‘ Slale ol B8l caddgl Slge dy 520 b L s plod )3 (359 55 (slgiee
Jbles @,4)3 S| )‘Jf ):‘SDLQ{J )9)...».» @a».; » aS 6)_<.nb J.a‘j.c 4.Lo.’> )| aw‘ » 05)19 Cw! Q)ﬁ)""“

.

(Hong et al., 2011) @.| S oy 0o el 5 Slaes 5 g 59y ol Slge by I yme slayge 9

SilS pgipog a8 Tl i ()50 0,0 Dlaglds 5 CansgpaS oyg al B plnil (b o mls (S parazs Ly
w2 Olagls (nl F70 )5 b (CovgeaS 0059) (2l Jgamee 5o U5 0395 v pd 5 28k
2020)
Slee auslia gy lo re o )0 ) maw 10 (FJgux) CangaS coy9 9 (V Jgo) (2LS Ll sl JS Haus
ONY a5 olig) 9 dy Slulo 4 g pe JS j0ud mhans (0 52087 g 0 yuden o5 0l (LA o alizes (sla Lo

ol s G S 059 Sl S5 yaed o (e g 00 o jles ple 5l i g8 BB b e SLS e S

(F Jgoz) ael cowsa



IS )55 g o e do s B mhaws 40 gkl Ll ey les (e j0 IS s Ol oS ol las £ Jgas
b olg) CowgraS 5059 9 950 (BLS SLL: I iien bo)lod (sded CongiaS o) )0 S5 jaed aS ded oo plis F

S Jhd S e S5 5 51l stte 0y & oalisy Shli & S Gl p,T5LS s 05 AA-

& 4 B ]l el
X
\?}'2 T ‘;*“}?‘“SJ”’)J
1 »l0
: >
128 i ] ] 2
b 36 b . bl
8 b b
g_4
N L | _
20
Chamomile «gl licorice ologpws  madder _.bs, Pistachio «...  Valerian Ll .o

w5
M‘su)w’ww‘s&)sgd.ﬁjs“soéu O S yhud Wl pori —F JSC&
Fig. 4- Total phosphorus changes in raw material and icompost of different treatments

e
A
9 “v‘o)‘ ).b a.)l.ﬁ.';....:‘ .))3.‘41 uﬁ‘ ob.o u...a..S 9 éﬁ"

S g 381 Jelge 5l cingaaS’ oy9 odgs lej &
Jole yand a1y Joloali p 8 o S 05 pan
S LS Ll 5 J‘M 5 Comge

2SS s u;s‘iﬁ‘-ﬂ
.

5 3] Sg>g Cal Cilitie slo yins jo yaud clale

oy padlas LYY o) g 5o 0iS oo Jios
Sl Dl l55 el ol (5158 ae 0 0 maw jo 1) (5l gxe DS
350 P CawgraS 3l flicn woy0 FIY 50,0 VA i i CengiaS (o0
Bg )l s we) 3 (F J9u2) ComgaS 0059 5 (V J592) (2LS SLliy ;o baylos don (sl S ool
S PSS 2 e RV IVY 9 VVNA o 5 4 by Olain et Slaald 5o JS ely o (0 505 9 it
oS sl Cossay 0 SOl 2 0,8 YENY el s 5o U5 by dacissiaS cays @l (goy 5o (7 Jo) 0

(0 Jgoz) <ty bajlocs (saon G )3 | el (0 5L
dglin g o sime 0o yo O s ;o glel S lajless gaan o S ety Dl a5 ol i £ Jgar
1o )los ot CamsgeaS (009 )3 S5 peeliy slgione 45 a3 (oo (LAS CemgraS (s 5 gl 03le )3 JS sl D pis

ol edalie codall Jow jles jo yialidl o SelS 15 0 8 YF/OY L asecs o e Ll 090 LS adgl ools 31 iy



2 S el mhe dpe 2 ook Sl bt slaanlB a5 o5 6 Sam GlEoe eien (O JS5)

2l o jlos b b dglie )3 digly CewseS (009

?50 [ | 4.)5_5‘ sala
2 G spaSa s
240 T
Sa0
i ; I
=20
g b T b b
[
Sl =
0
Chamomile sl licorice ;Locp,s  madder b, Pistachio ...  Valerian bl f.ow
-
ilizeo b slond CowgrnS (059 9 gl (sodlo 0 S iy
Fig. 5- Total potassium changes in raw material and vermi rent treatments

O CamgaaS 0yg 4y 0B jaiax Sluls d)ﬂéﬁ"‘

BURR) 00 B RUU S DL [P QSIMQQ‘*@

5 Glel Ll eyl saes jo T p)S Ol as ol las £ Jgam (O Jgoz)

592> b9, > Gl e > iy > all fiiw 8550 4 W) (nl Sy g Bl (281 Wy, g5 &



Organic carbon J7 .5

600
500
400
300
200
100

(g kgt

a
i | | I T
Chamomile 4L licorice Loy i

&Uﬁoéu)w)éwwfsn)ggyghsooh)é ‘5,7 oS Ol gy —F

madder .U,

Bl el

e

o a8 2558 T

Pistachio «..., Valerian .l Lo

(O Jooz) s cus

Wl s 3O CamgaS 09 Wil 9 Cd pliuy Wigy -V Jgax
Table 7. The progress of vermicomposting in chamomile substrate

L iy
Substrate

adq
Initial

BITAR
30 days

3957
60 days

39,4
90 (days)

39\
120 (days)

w“ .'.|°)-3

Harvest




Ak
Chamomile
oS 485.53+0.02 480.15+0.01 374.28+0.29 363.20+0.50 242.52+0.01
Organic
carbon
(g kg™
JS 030 10.43+0.04  10.98+0.08 11.32+0.12 11.48+0.42 11.66+0.02
Total
nitrogen
(g kg™
Oierw 4 op,S  46.550.01  43.72+0.01  33.06+0.01  31.63+0.01 20.7910.&
C/N

20.79+0.01

& « 71 2 s “
Ol s yannd 3O S g (o059 W | 13 8 iy Wigy —A

L Ayl 595 ¥

39y % Ceolo g
Substrates Initial 30 days 60 days 90 Harvest
Licorice ;locy s
S s 451.40+£0.04 257.51+0.08 _ _
- L 3
Organic carbon ™Y
(9 kg™) uBu
JS 5300 11.65+0.01 11.91+0.0 o o
Total nitrogen
(9 kg?)
395 & Cn)S 38.7«0. 21.62+0! a - - 21.62+0.01
CIN \ . N
e
.
g 30 CanrganS (o0 )9 W] 55 iyl W9y -4 Jgu
Tabl e progress of vermicomposting in madder substrate
L SITAN 3957 SITRN 3957 Cblo
Substrates Initial 30 days 60 days 90 120 Harvest
(days)  (days)
Madder s,
Js JTen,s”  438.13+0.01 388.17+0.12 214.55+0.01 _ - -
Organic
carbon
(9 kg?)
IS s 11.60+0.02  11.63+0.32  11.66 +£0.02 _ - -
Total nitrogen
(9 kg?)
Oi9res 4 op,S 37.76+0.01  33.37+0.01  18.40+0.01 - - 18.40+0.01
CIN




g, oy 3O ComrgnS (509 W19 S pidy Wig) —Ve Jour
Table 10. The progress of vermicomposting in pistachio substrate

L oy ads SITAR 39y%e SITRE 3957 bl
Substrates Initial 30 days 60 days 90 120 Harvest
(days)  (days)

Pistachio at.,

Js JTee,s 490.90£0.01 470.81+1.11 449.50+0.01
Organic .
carbon

(g kg™)
U5 o3 12.76£0.02  15.05#0.10  22.04+0.10

Total nitrogen

(g kg™
Siays 4 oS 38473001  31.28+0.01  20.39:0.01

CIN

20.39+0.01
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BB e ey,

v 9 120 Harvest
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Table 11. The progress of vergaico

e adsl SITAR
Substrates Initial 30 days

el s
Valerian .
Bdes 4
Organic W

carbon

0.02  13.42+0.04 22.07+0.044

4524+001 34.36+0.01 20.07+0.01 _20.07+0.01
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alysis (mean square) E. fetida growth index in different substrates

Olpti mlo Naz 3l (ke (255 039 TS Ceme ooz o)
Source of BU adsloss ldoiy oA GTOWE  bpesadsl  bpes ol Sleow;
variationtria Primar Termina Net h rate Primary  Terminal Surviva
I y I weight  weight worms worms | rate
weight mean gained populatio  populatio
mean n n
Sl i 4 61.43ns  478.93* 38156 23.48* 456.66ns  1044.33* 918.09*
* *
CawgeaS 059
Vermicompo
st substrates
o 10 14.80 19.13 16.43 0.13 14.71 20.03 20.01
Error
Ol pasds 0.20 0.90 0.16 0.59 0.06 0.80 0.09
cVv
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*, **and ns: Significance at 1%
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Table 13. E. fetida growth index in different substrates

s sy Ll Gis Sl AL 039 by & e GLl camex  Sloowij wo,s
Substrates Terminal weight Net weight Growth Terminal worms  Survival rate
mean (Q) gained (@) rate population (%)
.

Ak 422.66+57.4c 177.66+48.9b  1.46+0.4d 2113.13+2.0c 3.6b

Chamomile
Ol s 523.33%+25.1a 270.66+19a 9.02+0.6a

Licorice

2566.66+57.7a 34.17+17a

sy 498+13.1ab 250.33+7.5a 4.17+0.1b 230.33+10.4a
Madder

oo 513.33+20.8bc 256.0+12a 3.31+0.0c 6.66+25.1bc 197.26+6.3b
Pistachio

2483.33£10.4ab 215.96+2.6ab
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