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Introduction

Intercropping as an approach for the development of sustainable agriculture systems pursues purposes such
as creating ecological balance, further exploitation of resources, increasing the quantity and quality of yield
reducing losses due to pests, diseases, and weeds, and reduceing the dependence of farmers to pesticides, to
maintain product quality and marketability. Jahani et al. (2007) reported that intercropping of lentils and cumin
has significantly increased the dry weight of vegetative organs, biological yield, 1000-seed weight, and number
of seeds per cumin umbrella and seed yield. The legume/non-legume intercropping system produces more yields
due to the beneficial use of resources. In a review of the fennel and fenugreek intercropping, intercropping of the
two plants significantly increased the fennel seed yield compared with monoculture.

Materials and Methods

The experiment was conducted in the 2014-2015 growing season based on a randomized complete block
design with three replications at the Agricultural Research Station, Faculty of Agriculture, Ferdowsi University
of Mashhad. Experimental treatments were 25% mung bean + 75% fennel, 50% mung bean + 50% fennel, 75%
mung bean + 25% fennel, monoculture of mung bean, and monoculture of fennel. Species were sown at the same
time on 12/06/2015 in rows with a distance of 50 cm. At harvesting time, dry matter, seed yield and yield
components of these crops were measured. Land equivalent ratios compared yield advantages of intercrops over
monocultures. Seeds of fennel were analyzed for essential oil content.

Results and Discussion

The highest seed yield, biomass and essential oil of fennel for monoculture with 1460.4, 12286.4 and 50.4 kg
per hectare respectively and the lowest values for 25% fennel + 75% mung bean treatment with 263.2, 5843.3
and 8.1 kg per hectare respectively were observed. Also, the highest seed yield and biomass of mung bean for
monoculture with 2167.1 and 8900.5 kg per hectare, respectively and the lowest values for 25% fennel + 75%
mung bean treatment with 740.5 and 2540.5 kg per hectare, respectively were observed. The highest essential oil
contents of fennel, with 3.56%, was observed in a ratio of 50% fennel + 50% mung bean, and the lowest value
was observed in 25% fennel + 75% mung bean, with 3.1%. It seems that interspecific competition between

1-Ph.D. Student of Agroecology, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of
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fennel and mung bean due to the abiotic stresses (competition) led to increasing essential oil percent in
intercrops. The highest essential oil yield of fennel was observed in monoculture, with 50.4 kg/ha, and the lowest
value was observed in 25% fennel + 75% mung bean with 8.1 kg/ha. The highest mung bean harvest index was
28% in 25% mung bean + 75% fennel, and the lowest was observed in 50% mung bean + 50% fennel with
23.5%. Also, the highest fennel harvest index was observed with 12% in monoculture and the lowest in 25%
fennel + 75% mung bean with 4.5%. The highest value of the total land equivalent ratio (1.07) was obtained in
the ratio of 50% mung bean + 50% fennel, indicating 7 percent yield advantage of intercropping compared to
pure stands of species of these two products compared to each other that represents of showing the more efficient
use of land. The lowest value by intercrops of land equivalent ratio was observed in the ratio of 25% mung bean
+ 75% fennel, which was 9% lower than the monoculture.

Conclusion

In general, intercropping of fennel with mung bean had a positive effect on the biological and seed yield of
the two species and the the percent and yield of fennel essential oil. So, in order to reduce the consumption of
chemical fertilizers in sustainable agriculture and as for the nitrogen biological fixation ability of mung bean,
intercropping this plant with fennel can increase resource efficiency and improve the quality and quantity yield
of fennel.

Keywords: Biological nitrogen fixation, Essential oil yield, Medicinal plant, Seed yield
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Table 1- Variance analysis (mean of squares) of yield and yield components of mung bean
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ms, **and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively.
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Table 2- Variance analysis (mean of squares) of yield components in fennel

Bliolas  dlwslas PO e oL e alslas

O ois olio s 59{ &w;l 43% 5 ‘:;)3 439_, 5 ulpl ‘69" » )5)‘% 439’ » 43'9{ 5 43'9_! 5
& &35 Plant Number of ~ Number of
SOV ) heiaht Number of ~ Number of fertilize unproductive Number of ~ Number
ei i
d.f 9 sub branch  main stem umbrella  umbrella per umbelet of seed
per plant per plant per plant plant per plant  per plant
R ;"5“ i 2 0.820m 0.244rs 2.817™ 25.115™ 74.59" 1.363™ 65723
eplication
- )L:“ " 3 134.525™ 32.061™ 4.701" 83.675™ 2100.37* 424577 162523"
reatmen
Eu» 6 7.348 2.938 0.518 8.639 124.22 38.483 22047
rror
é‘\”/"(o/)’” 3.56 11.28 16.86 14.64 13.42 13.66 19.68
0

doyd gy Jlein ] o 53 45 e g do > SO Jlain ] o )3 I3 re > re pf s gy g S
ms, **and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively



YYY il 0 o) Sl o 9 0,5has (gl52 8 yShas oy y 3], K00 g bz 8 ATl

0L g il 3,500 9 w03 LS 13 S5 jolgn 9 41> 3,500k caild I3 (59 (Slr o (ko) il lg 4355 - Jgaa
bl 45 Cudld

Table 3- Variance analysis (mean of squares) of 1000-seed weight, seed and biological yield in hectare, essential
oil percent and yield and harvest index in fennel
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ns, **and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively
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Table 4- Effect of intercropping treatments on yield components and harvest indexof mung bean.
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* Means with the same letter(s) in each column have no significant difference at 5% probability level, according to Tukey Test.
M: Mung Bean and F: Fennel
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Table 5- Effect of intercropping treatments on growth and yield components offennel
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* Means with the same letter(s) in each column have no significant difference at 5% probability level, according to Tukey Test.
M: Mung Bean and F: Fennel
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Table 6- Effect of intercropping treatments on 1000-seed weight, essential oil percent, and harvest index of fennel
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* Means with the same letter(s) in each column have no significant difference at 5% probability level, according to Tukey Test.
M: Mung Bean and F: Fennel
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Introduction

Most research on intercropping cultivation in the past has focused on seed yield and yield components, and less
attention has been paid to below-ground interaction processes. However, the connection of plants in the below-
ground sector is a vital issue in identifying the mechanism of competition and productivity in intercropping
cultivation. Meanwhile, the selection of a legume plant due to the biological nitrogen fixation (BNF) increases the
productivity in intercropping cultivation. However, the component crop in intercropping cultivation can affect the
BNF by the legume component component. Therefore, creating the optimum conditions for the BNF in planting
ratios plays an essential role in the dynamics of inter-species interaction. Therefore, this study aimed to evaluate the
interactions of the below-ground sector and the percentage of nitrogen derived from the atmosphere in different
ratios of intercropping cultivation.

Material and Methods

A field experiment was conducted for two years (2018-19) at the research farm of Sari Agricultural Science and
Natural Resources University, Iran (33°, 36’ N, 53°, 03’ E with 43 m altitude). The experimental design was a
randomized complete block with four replications. The experimental treatment was 75% soybean + 25% niger, 50%
soybean + 50% niger, and 25% Soybean+75% niger based on the replacement method and monoculture. For
example, a 25:75 combination consisted of three rows of planting a soybean and one row of niger, and vice versa in
the 75:25 combinations. The 50:50 also included planting two rows of each of the studied plants. This study
investigated the percentage of nitrogen derived from the atmosphere, nitrogen yield, total enzymatic activity of the
soil, and root activity in different planting ratios.
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Results and Discussion

The percentage of nitrogen derived from the atmosphere (Ndfa) in all different planting ratios was higher than in
a single soybean crop. This trend continued until it reached 90 days after planting. At 75 and 90 days after planting,
the highest Ndfa is related to 50:50 and 75:25 planting ratios in both cultivation years. Also, the yield of Ndfa was
higher than expected in planting ratios, and its value increased further as it approached the final stages of growth. In
addition to the above, soil's total microbial activity in different intercropping cultivation ratios was higher than the
monoculture of the studied plants. Its amount in a 50:50 planting ratio was 16.38 and 31.69% higher than
monoculture soybean (0: 100) and niger (0: 100) at 60 days after planting, respectively. The most increased total
microbial activity of the ground in niger and soybean plants in the middle and late stages of growth was observed at
a depth of 0-20 and 10-30 cm, respectively. Also, niger plant in different ratios of intercropping cultivation, while
increasing root activity, have a higher number of secondary compounds in root extract. In general, the increase in
root activity in the late stages of growth was accompanied by a decrease in the number of rows of niger plants,
especially in the planting ratio of 75:25. Also, the total phenol and flavonoids in the niger root extract increased to
105 days after planting and then decreased. Thus, in general, different ratios of intercropping cultivation were more
successful in producing secondary compounds than the monoculture of niger.

Conclusion
Increasing the significance of nitrogen derived from the atmosphere and the other activity of niger root as a
complementary plant in intercropping cultivation ratios can play an essential role in the dynamics of underground
sector interactions in intercropping cultivation patterns. In addition to the above results and based on the total
microbial activity of the soil, the complementary structure of niger and soybean root in intercropping cultivation can
affect the ability of interspecific competition in intercropping cultivation by distinguishing ecological niches even in
a short period.

Keywords: Nitrogen derived from the atmosphere, Root extract, Secondary compounds, Total microbial activity
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Fig. 1- The average percentage of N derived from the atmosphere (Ndfa) of soybean during the growing season and at
different intercropping ratios with niger
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Vertical bars on the points and the letters A, B represent the standard error (SE) and studied years, 2018-2019.
NS, *and **: insignificant, Significant at 5% and 1% probability levels, respectively.



FOO  eee 50 (P ) G 185 (e OOl (o) 2 50 g (Il

8 -
@) 12
B e i
& = - = =
=2 o PR 2w 8
~ L
- ~< =T &
g = T g s
2 =z e gZ a
z £ 2 B s &
®  Nitrogen content s ~ 2 L] Nitrogen content -
o (5] Expected value = © Expected value RN
0
50
(D) S, G
£ = 40 e s O =
£ e ~
<= - & = ~
2 &b 30 ~ = . 12 \%
=T e 2 2 ~
g5 201 T = = g | N
g % i go E ~
= = ~ =
= 101 o Nitrogen content s % & 4 . B -6
N Expected value ®  Nitrogen content S
0 o Expected value N\
0
70 =
60 @ 60 ~ D)
8 o ~
& mad s £ = 50 ™
& &S S 's e
= ~ = = LN
= 2 40 ey % o 40 R
= - 2 ~
B3 % e g5 % S
£% 20 S g Z 20 g
< = e Nitrogen content = 2 & ol
10 & o g frbi RN R = 10 1 ® Nitrogen content _
Xpected value N o  Expected value N
0 0
160 =
0~ D) 140 S %0)
£ 120 g 120
E = = 2 100
= ", 100 1 BN =2 o N
2 = 80 e o= 80 Y
ol
83 o0 N g3 o0 %
S = SN S = S
& o E o
=2 40 1 : = 40
=z = L d Nitrogen content \i\ =B . Nitrogen content \c\ BN
201 o Expected value S 20
N (e} Expected value A
0 (]
80 )
{03) % @03
70 - 80 ~
gL N B >
S T, 60 ~ S ‘s =
= 2 S <= 60 ~
= 5 50 S 2w ~
2 2 10 \§~ g - N
s £ 9 s £ 40 “Bag
g 2 30 & B = §\\
g e
2 £ 20 i e Z £ 20 ™
ol 2 Nitrogen content ol e  Nitrogen content =N <
©  Expected value B o Expected value =
0 0
- b @0
50 S 60
8 a0 s o
£ = T S ‘s 50 1~
= &
=5 40 ~o = 0 40 s
P ~
gg 30 ~ s £ 30 s
Pz Sa ) ’E ~
s 20 ~ g % 20 N
Z s ; = Z = e
10 { ® Nitrogen content o 10 { ® Nitrogen content ol
©  Expected value =N o o Expected value SR
0

10020 75 :25 §0:50 25:75

10030 75:25 50550 25:7
Planting ratios (Soybean-Niger) - 2019

Planting ratios (Soybean-Niger) - 2018

syl b bgldee Culs lisu (gLaCumd )3 9 iy 0,93 (b 45 Lgw (Soiglom Canli I Jols (1595 5o Y JSS
Fig. 2- Nitrogen yield from the Ndfa in soybean during the growing season and at different intercropping ratio with niger
Bl oo Bl 9y 3 4 basge o pls JBI slael g (SE) 5jlulisl sl onimsylis bl (g9 p (5350 byt
Vertical bars on the points represent the standard error (SE) and the numbers inside the circle in the pictures are related to the day
after planting.



oY 5l o ¥ o)lod 10wl (553l (ol pgp 4y yi5 YOF

Lo olS (glaigS po culdy 10 ol ol (Lgw —oluwyld) YOV
Sl Bl g 59y A A po 1 ey D) glil 0)53 S
ol o 5] bglie S 53 LeSe dlaly Sy &y olitand
9 V00 Jalpe 0 Sufglon s cubll iy 3 LS 3 pooge
38 ol Il 3 (g B 38 Bl ) g oy VY
Jaie L aiolde 53 (Law —oluw ) YONO cudlS Cuus (5950
S sy IS yp oy (Y JS8) sl azily sl L
(59058 4 pgS) olS Ay Lawgi 00d Col (g i e boglve
bglseo i )3 ol ot 5 oS obS (o515 8 L 4365 (Sglsd00
2 bow olS 595 3 Shas oy s (StErn, 1993) 5, S
4 by VWAA 9 WAV ol Jlo j3 cudlS 1 L jgy A% dlsyo
WANVR o \WY/OY (e Ly i idy (Ve oiv) palls e
Oigrs 3y Sdas (haljil do g BB 4G Bl gy jlS 5 p S5k
S o) VOB 5B il s 3 Sufeen Cants 5 Lol
b (L5 gls g CdlS I g 9y A dl o 5l e (L —oliw
Comd 3 (Sigdom S | Jol (9500 0Sdes loj cuddS' L
- sixo Sglds (g)lel Bod I (Lgus —oluwyls) YOND g B0+ cusls
o lim s fadse gl il (Ve vre) LAl cutS b o s
S 53 by (Safodon Cnti pols g (o)l bl L33l
5l o obusyls olS |y bgle S
2 ol ine 5l byl S il lacuns (iren
2l (¥ Jgia) wizils bl cutS )5 oluusls ol ay, clled
2 ol ol ady)y cullad (e (25 Jlo 93 2 55 ol lis
9o B9y sl 23 2ll Jole )3 sl e o
(sl Jl o 59200) (25 Al yo 4y 8 S35 ) (e 9
2y el (o5 e el diz ol el ol s
(IS yobod i ploul 5395 AYAA Jlo b duslie 1 YAV Lo
S Uy daglio 5 ol yls ol bgls S calises (clacns
(Y Jgiz) w09 audyy b (fem oy )l (+3)++) L&
il Lo & byrpe yide A3, 2lal Jolye 53 X9, 0l
5 s 5 o) IS L Bl gy 0o 5 (Ligus ol yl3) YOV
2ol aduy cdled obuw b ol o a0 5 dls o 0 (g
AS S e b (gl sime M) cslS Cilises (clacns
5 dcday cdls ilsal Jobi BB 4SS ooym ol 5o cadls (+:)+ )

YONO Cils Cund )0 Lgw oLS duwy o Hla5 &) <5000 42
S Gidogls bwg yg it <dbyd Jdde (bgwmobiw )
Sl Sl 1l g pide LS gl UL Jolye 55 bylie
N el Gayi 2o Jo5 89y %3 Oyle & sl (SKjglgn
plo U diunlie 3 YOND cuslS cuns > (Sojolon ot au] b
(8 yebds Bl o (s5ieS Cs sl bgle S sl
bgs by e €t 5 py S okS (Sislom St Clld g
Ruhlemann & Schmidtke, ) cuol oais (5,155 50 oylaxe plo
(s Maikhuri et al., 2016; Hu et al., 20162015
S 1y dn) ClS B (slacuns (oolod (yizren
duwlio 1y gy e, lae (WAA Jlo ;0 e cuils
Cats Gl o it (Y JS3) 265,86 ke
F e 59y A0 adeyo & bgjo (LS 13 p)55kS) Ligw (Sjglge
L selio )3 3855 i3l o3 liee Aoye ol 53 39 €318
YOND 5 Dr:de VOND coils slacuus  odd o i polie
YEIYD YEIVE VY s st WAV (slaJlu 3 (Lgw —obuls)
o) 29 Mo 3 Yo IVE SV/Ee X Sile jebdy VWAA L 13 4
dolye s s S35 b o Jlo g3 5 59 o8 ol Jbo
2 S e | ool (39t 3 Slas o> 3 2l
Ol 008 (i polie b dunlde j0 1) (iol38l oy ik (S
e d (Lagw —oluw o) VAN cuslS cuns 3 Sislidl ol ol
13 cdolie adais > Lol .ogy bgbe culS clbcams pbo )l yidu
oy (g —olus ) YOND cudlS s 43, il ol
Pl U awlie o ioli 8l sy i gyl VWAY Jle o
3y Slas gie gl dn dag b (Y JS5) 00 cudlS glacens
2 by B8 s, Sl b (Sesilom St ) ool (33
sloca s plo b duwlio 1 (Law —obuo ) YONO cuils Cuns
e 3500 s S S 45, Gl Jolye > bslske i
CblS 5l g 5oy WY 9 Vo0 Jnlpe an u Soop b oS ooy
sobde L dolie ) ady) sloo S (Sojglan Cond 0 Slos s
5 00 el il an s (g Gy b ity LB
3 35 o Jacie iz il il (g sl o) VAYD
Sy5-0 Jlus 93 2 33 (Lgw —oluwy3) YOND 5 Qe:de cublS Cuns
8IS S 3 Sy it (S sty BV JS) 35 adlns



FOV el 50 (Soojn) O 14395 (r OMelal (a2 ¢(3]5 1502 g (5510l

VONO 5 VOND B+ :dr CdlS s 4y bgsyo el jdy 29,50
O Lﬁ)bu—;"" le&.’:’ d)lpi Ll )'| A b Dy (1;9.»» —ol,.,,udb)
(Verre) Lo alls cuiS 5 (Lgw —oluwyld) YONO cubls o
P SE o9 Sue JS b Gl p a8 (Y Jgia) cudls 392
)2 9= (':\“) DL:_M:O].) uajb WAL LY) by.).a Cound OJI
" ) oS (Sipy dpe 3 S (9800 5 Clld Gl
blad jl ye gl +=Ve Gos jo 0l ol 0 cubls calisee gla
5 059 cusls calisee slacuns le (o)l me gl d)LoT
S (Vo) Lo palls s y o il Vo=V Goas o Ll
cilS a3 o5l e ol 9ySae cullad e oyt
bglro cuiS Calisee slacuusd ylo (o)ld gmo cogles d)LoT bl
Ol PSS (98 IS cdled e (58 s 392
Y Jgin) 05 (+:V e ) byl (alls coiS 4 by Cuond
S (950 Sl ot plo Blo VoV Boe )3 ol
S5 (Lgw—olwy3) YOND o VAN ¢ ils slacuws 4 Ble
odaliie (+:V e o) olowyhy allb cusS (o 50 culed Hlade oy S
{7 Jgi) 2o
JorFr dlaye p3 g SB (gpta il oY Bes )3 (S y5bas
ilizee (Slacuns ) SB (09800 5 clld Glie <l )
adlas 5y5 0 LS 51 S ja alb Sl i belse cuis
S o 3 gy Sl plize st 5 (7 i) o
ClS Cund (5,500 S cdlad e b odmlino 20
ol Lalls e jl ydw doyd YVEA 9 VYA cd iy )5S
o ol 93 g (+V e+ ) ol olS ald cuiS g (Ve et ) Lgw
9 YOV el claca s plue s re glis (s bl Llsd |
-0 oS diny iy culled Ll 59 (Lgwoluw o) VAT
i Wl oo bglie CutS glacins )3 JoSo olS lgie s ol
4o 53 9 g oLS (Sofotom ot clled (A1 ) oo
A8l sl bglsee cutS ool )3 (unjnj (i el (ol
SE e Blo o=V Boe 0 (29,50 J5 Clld b (pizmen
2 bale cois glacuws db Ui 35 olS Sauw) dlsye o
29,50 Cdlad 1 (+) e r) olwly (Al S o b anslio

(Y Jgi) 815,65 1 sy

ol s oS i slacaysy sl yials b wsy okl ol
L)-’l f9‘.&.§ Do (bw—ol».wul.)) YOND cuslS Cons 3 pega>d
Ulgr I plis jeSle cusls Cuns > Ady (oleal ol o culled
RN 9 (b}w —cl.:.w:d‘.)) YO:vd cusls LSLQW ) 05.3.94.3 u9lhn
395 Vo0 adye )3 yeSie cuiS clacuns > ady) cullsd il
Jlos 3 5 oy M g Ve s 54 WAY o 3 «clS 1 e
byl Al Sl yidi 1o ¥ 9 PV ledy VYA
3l omm bgboee ciiS s 3 ) cullad ialS g ()4 ¢)
Ghosh et al., ) cwl osss [i)l55 0 liie plo lawgy 23 5
5 Jmols 59, doys oS Ll 1.(; Kong et al., 20162009
oisu it 51,80 coss wlys e bices (Sofglan oS
«oplplo Du et al., 2019) 5,5 ;1,8 balbro cudS 3 uojpj
obw oyl oS iy, piidw cdled a8 s o3 1 yed lais
Oial38l 5 (6)liS b i byl oS )3 ol o ol lgieay
s zols (wlol bl 4zl Law olS SS5elsn cus cubld
- balowe cutS 3 JoSo oS ) cled iuliEl ol Kig
9 &l oyt BB 0958 Gl e GRIEI )b ) vl
; Du Pelzer et al., 2014) 555 oS olS 59l g Conts il
J(etal., 2019
955w S5 cdld (i gime ST sl i (lacuns
IS el 5l oael candas gols olol g (Y Jgas) axily S
Dl cilS Coms wwuislS )| O™ 39) 5. 4.1>)A 5 S @5)5\».9
b alld e g oy b )b (gyto Bl +=Ve Bas
2 0dg Cadlad lie oy yieS (glyls (+:V e+ ) olew iyl o (Ve eie)
Lgw g (+:V++) oyl Halls ciS (g0 olo Yo=Y+ Gas
395 an el Jlade opyeS g iy e A (Ve o)
CoisS glacaws (g pd caomd (pl 3 (Y Jodn) woby olas]
el G o (6 gre ol (g )lal Llod I ais il
Wolps pd s sdalie (Law —oluols) YONO cuils Cans ¢ 550
CoisS o iz glacaumns olod 35 (e Slo Vom¥r Gas )
s Al S b awslie o (gitin (09,50 JS Culled | bl



YOA

1FeY 3l ¥ oyl O 0l (6559l (b pgr 4y yis

“(ASFX) UONBIAAP PIEPUE)STFSUBSW IE San[eA pue Isa) (ST Suisn ‘A)ijiqeqoid o046 18 Juaiayyip AppuesyiuSis Jou e (S)1e] Je[IWIs Aq PAMO[[0) ULIN|OD YoBa Ul SUBIA

12A9] A11j1qeqoad 941 18 JUBDIIUSIS 4y
of ol ) et 30 off| 2 il g & e (A0 i 0 2 el <F o e[ AR ofoy g e v (7 %00 6 porye 20 |f wRagD e D jaclies e oot

i 7 R e B ey

. ) : . . ) . ) ) ) ) . (%) AD
869 98’1 LL'1 10°S S6'9 IS4 LY'L 9I'€l 86'6 Iy 8L'¢ [EY oo |
. ) . ) . ) ' . . ) y . (€000 asT
WLL9S L 1Te LS L, 96 e, 99¢ 899 L8YTIT [ 8TEl | 9¢€°TI LOLL 989 < (e el
8CIL 99811 €O0¥El  9I'LOI 6L°6L SY've L8'T9 IL€L SE801 €C°e0C 91901 S6'6S ST SL
86'¢€9 $O'I8  0EPSI  $9¥S1 1L¥C1 PELE €0°'8S 9099 L9°€6 8L'8S1 PL'691 96'06 0S:0¢S
10°6€  TP'SEl 08911 10°S01 CTLI9LT 98 GS9¢ ey €1'e9 11°26 LTIET 89°66 SL:ST
9L'8C 71°96 0166  10°€l1 SO'16 IL'Ty ¢e9e 80°S¢ 67'89 96°10C 66°101 0S'CL 001 -0
071 SO1 06 SL 09 514 0zI SO01 06 SL 09 514 _
6107 ut sunuepd a3je Aeq 8107 ur sunuepd a3)je Leq (193IN :«o.n%omww soneL Buputid
" . assaam] Daaen]
€66 # [€ qure e Y40 €66 0 (€ g e ABAL e

uedqAos yim onea surddoadadjur JudIdgyIp ul A_.__va *AA" A 3001 *(31) uondNpat DI.L) AJIAIE J001 1931u Jo uostiedwiod uedA -7 d[qeL
b f- oy g e (re (FREE ST N o (T80 of Lo 600 £ ) qQenie of pivdn)S) e somo ongféq f ovéy



FOU cee )0 (Puoip ) G 165 (o OOl (o) 32 1) 50 9 (5 Il

U g dluw 15 bglie CullS clidee (g ;5 (S 0,8 15 paw yigld 055 9,500) S 29,500 JS Cudlad jlade (1Sl dm e -V Jou>
Table 3- Mean comparison of total soil microbial activity (ug. Fluorescein.g*.h) in the different intercropping ratios of
soybean-niger

CailS 51 s 39, 1o Cild pr dls o
CuilS Lo 60 days after planting (60 D.A.P) Harvest stage
Planting ratios S sos S Ges
(Soybean-Niger) Soil depth (cm) Soil depth (cm)
0-10 10-20 20-30 0-30 0-10 10-20 20-30 0-30
0:100 8.03 11.71 7.08 26.24 12.62 10.38 9.72 32.73
25:75 8.72 8.79 14.47 32.01 13.02 11.89 15.96 40.88
50:50 9.66 9.21 15.69 34.56 11.99 12.28 10.95 35.23
75:25 8.22 8.38 15.07 31.68 12.73 12.34 16.53 41.60
100:0 8.19 7.23 14.27 29.69 12.72 14.10 13.96 40.79
)bk;h..o A Jsl.b ok ok ok ok ns *k Kk *%
0.65 0.49 0.55 0.98
LSD (0.05) 1.16 0.98 0.75 2.05
SO 7.43 5.32 4.06 3.08 8.97 7.45 5.43 5.19
C.V (%)

sy S g gy Jloi] gl 1 b stae iy K 9T g o dne e NS
ns: Not significant and * and **: Significant at 5% and 1% probability levels, respectively.
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Introduction

Organic fertilizer tea is a treated solution of organic fertilizers that contains various organic compounds,
nutrients, and a wide range of microorganisms and their metabolites. In recent years, the production and use of
organic tea as a liquid biological fertilizer or biological pesticide is expanding towards sustainable agriculture. There
are many benefits to using tea compost, including providing nutrients for the plants that can reduce chemical
fertilizers. A variety of organic compounds can be used to make tea. In the preparation of aerobic organic tea, except
for the type of organic matter, preparation conditions such as particle size, temperature, aeration time and fertilizer-
to-water ratio can affect the chemical and biological properties of the produced tea (Shaban et al., 2015). In this
regard, the present study was conducted to investigate the effect of aeration time and fertilizer-to-water ratio on
some chemical properties of cow manure and vermicompost tea.

Materials and methods

An experiment was conducted using a completely randomized design with a factorial arrangement and three
replications. The treatments included aeration time (0, 24, 48, and 72 hours), fertilizer-to-water ratio (1:10, 1:25 and
1:50), and type of organic fertilizer (vermicompost and cow manure). The part passed through a 2 mm sieve, and the
rest on a 0.5 mm sieve of air-dried cow manure and vermicompost were used to determine some chemical properties
of organic fertilizers and make tea. After preparing the ratios with distilled water, an air pump was used for aeration.
Changes in acidity (pH), electrical conductivity, dissolved organic carbon, mineral forms of nitrogen, dissolved
phosphorus, and potassium in organic fertilizers tea (cow manure and vermicompost) were evaluated.

Results and discussion

The characteristics of the studied organic fertilizers showed that the total amount of nitrogen, phosphorus, and
potassium in vermicompost was higher than cow manure. According to the analysis of variance, among the main
effects, the effect of organic matter type on soluble organic carbon, nitrate, and the effect of ratio on nitrate were not
significant. The interaction of organic matter type and time on electrical conductivity and the interaction effect of
organic matter type and ratio on dissolved organic carbon was insignificant. The effect of two-factor interactions on
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nitrate was not significant. Among the three-factor interactions, the effect of organic matter type, time, and ratio on
electrical conductivity, acidity (pH), organic carbon, and nitrate was insignificant. The results showed that aeration
decreased the pH and increased the electrical conductivity in cow manure and vermicompost tea. Despite the higher
total amount of nitrogen, phosphorus, and potassium in vermicompost, cow manure tea contained higher amounts of
soluble ammonium, phosphorus, and potassium compared to vermicompost tea. The chemical structure of organic
matter and the distribution of elements in different organic and inorganic fractions can effectively dissolve the
mineral part and the biological decomposition of the organic part. Changes in the ratio and aeration time had no
significant effect on the amount of ammonium and soluble phosphorus in vermicompost tea. In cow manure tea, the
highest percentage of increase in soluble phosphorus and potassium was obtained by increasing the aeration time up
to 72 hours compared to the zero time (without aeration) in a ratio of 1:50. In general, organic carbon decreased as a
result of aeration, and only at a ratio of 1:10, this reduction was not significant at 48 and 72 hours. The only factor
affecting the amount of nitrate was the aeration time, and compared to zero time, the amount of nitrate decreased at
24 and 48 hours and increased at 72 hours.

Conclusion

The results showed that the effect of aeration time and fertilizer-to-water ratio on nutrient concentrations in teas
made from cow manure and vermicompost was different. Despite the higher total concentration of nutrients in
vermicompost, the vermicompost tea contained lower amounts of nutrients than cow manure tea. In other words, the
total amount of nutrients in organic fertilizer cannot determine their amount in the produced tea.

Keywords: Organic fertilizer tea, Aerobic extraction, Liquid organic fertilizer



S$309LS (owliclh p g9 &g gl

Homepage: https://agry.um.ac.ir/

i

EAWV-EAr o NEY ):-lLl Fooylad VO W

9698 slassS S5l sl alerd S S5y F o Comd g 2318 L) LSG
wa@,;

" el 5T el Ly T 81 ke kS
AAERVAY 7N :g'_,.élijb C"‘)U

VE /Y8 1 KOSk sl

\f~~/\~/~V:jﬂJg@)U

LXVCCS

ol b yinS Jo 3 b (65,9US by ) s IS L mlo (s 398 plgieds p3 ] lalo > JT Ol 5 gl oslizl
(330 MalS o B )3 JopgiS16 iyl b bl aallle Cnl 55a o s g oo Sl Sy 2 sl 405 by ST oole g5 3l ppdle
2550 (5lles b plorsl Csgia a)g 5 595 SB35 (sl liandd Sla Sy (B » ol 405 S g (dlgn loj S psliateds IS5 A
29 (595 5 CawgaeS coy9) I 955 £55 9 (V0e g VYD N1V ) Ll & 368 s (eslio VY 9 FA XY o slaiyloj) omdlgn (loj Jolis (o ys
yolie jibn JS ke 2929l A CangraS' 00y9 9 (595 255 sl ) (oSl culun (I g dbdl Al Carge (a3lga oS 0 L @l
D5r CawgeeS (50)9 (S & Cunmd sl ool § jand piigal 1 g5Vl polie sl (5915 295 (sl oS ooy )3 wamliy g hnd (9
Ol Ao )3 s 59l 365 (Sl 53 Bl CungeaS o)y (Sl 53 Jslo hud g parigel ke a2y B ST (2olgn (o) g Cud S
2 A S el Candes Ve s 3 (22158 9] ko o 4 o Caslo VY B mdlgn loj el Sl o Jglone manliy g yiud
ooy Sl ik s 50 )58 S g5 Ioine el VW 5 FA laglej 13 GalS ] 111+ S )3 i 5 8l inlS ool s
il Gl celw VY olej o g Lials el YA o VY slajlej 5o oo o 4 Cond Ol jid Hlade g 39y (3l

odlaiul (Islam et al., 2009) 3455 o 3Kio g (59) ¢yl phund
ORIPl Car p3 jiad 5 (s dile (alend gladeS w5l
OpZxed b pangS yolie )8 pie g (6)ygliS SV gase Mg
oA iS5 Jelge dlen 5 bl T o3lo b SaT oSS 395
LaSLs (2l 3 Bpmas o5 jolie ojuga (ol polie 398
e Gyo plord Glades Byme Cda Yok )3 All s
Slogad (55 4y yome 1lg o gpidan Jl dlge alss
Cnry SlaSogll izpan § SB (5o 5 (alrosd (o3
5 i polie GRIEIL Wiy e I loogs 5,18 035 (Jame

ale J o8 (Jog8 o sjlon gl s gadS sl

Aodko
5l 3 26 olnl )98 3ble ity 5 (Sal (Sl 52
bl e Laclin S (godglund pie 5 Siiddes 9 SUiS lon
SaSUs 5 YL, (pH) el 5 J slge o8 L(FAO, 1972)
ale caliste I3 polie 4y olS dgaome wyiwd 4 ymie Sal

09,3 il g )Ll (ybobiwl i)l ol )5 ooty sy —F 4 ¥ ¥ o
Oyl egiie g3 48 oSl o 65y5liS 0uSiily «SB pole
(Email: halajnia@um.ac.ir e ki g —3#)

DOI: 10.22067/agry.2021.72319.1065


https://agry.um.ac.ir/
mailto:halajnia@um.ac.ir
https://doi.org/10.22067/agry.2021.72319.1065

oY 5l o ¥ o)lod 10wl ((55)3liS (ol pgp r yii YV

2§ S dewgl 4SS b 5l 60)lse 4 e o SB
it SLacdlb Gl sihe pn (3,5 wald iy, Bl
I S il il S (S5 ks p b (S
O o ) g sdie dge gy 58T ) Bae dmg 1al38)
sl 5,8 wls8l (Ingham, 2005) 5,5 o )Lsl 1 s slews Jolse
Bt lost Jolse b ablis 33 (i Jsba b (S5 900y CosgaS
oy ol 0, Shos U el 03,8 51y liieo I (6l
Co g paBlie gl ol LS bS] ol S (gl il
CwgpaS sl (Sl 5 (0365 gl kgl o Candas (635
Sty & Casl (] G g (95550 lrord Sleogad o
33 )8 ol aes bl g ooliwl y90 ST odko g9 43l cows
ag p odlil 0yg0 J S5 £g5 peMe (Islam et al., 2016)
o loj g ol @ JT odle Couus cod B 5l Jolge plo (gl
L .(Shaban et al., 2015) ccuwl g5 o Joobs sls Glusgas
oles U adllas Gua U adllas ol s S5 Clae 4y dogs
295 (Al ool £55 93 (sl 45 5 o3listol 390 Cupmss g Gm0lgn
bord glaShy (B » ol J) Jols CusgeS cayg 9 555

bl Job sl

L g 9 3190
o Lo Sy ) (5 55 5 ol s
SESIR SEIPPRIE VU SN ST SR NEY P BN
oSl 53 @ Bly s (R €855 51 Gl 5l ol CusgiaS 0
lon T clodsS adgl clasulll ploul g 0 ags owgd B
03,5 youe 50 A5 03Dy (syie duo /0 9 ¥V S5l g SiS
5, )5 eslil 3ye0 <10 STl gg) 5 oblo Bl 5 Y Sl
5 03l b (CuwgeaS 5039 9 555 355) JI slooss” (PH) sz
4055 Vi s > (METROHMG32 Juo) yis gl o oiuwd
oSl i bl Blo B2l s Sl a5 005 e O]
JENWAY- Juo) S8l miwcolin oS lawgs oylac ;o
Bremner) JlaoxS ybgyds JS 595 jlade b (55051l (430
3 e s 3y90 JI cladgS )5 (& Mulvaney, 1982
9 bde gl bl bolyon (6355 (sladiges Tl (g (o
2 el Ag poigl ke (e g BaD 03 &l o3I
9 yid S5 )l s S ) e SIS ol oS

53 i3t SB Slagage b g ol iglsdl «SB  slga
9 tbond (S5 Sla SRy p S leidle gm0 9 (e
B, a0 )5l (Albiach et al., 2000) wsb 330 SB  S5elow
5 gl 48 sl (6500 ol CasgiaS’ (gl e g gl
A 6loosS (655,84 sl (55,9t Y guao (BaiSu)g
Jobo)las (g5 o0 ) CungeeS Slo (oges oly aimd o plox]
ooy b 5 T slmsss Gilise gl a o 3,8 L3l 5
L (SB op)l5 Copgot ad jilid I e 4535 5 et
Barker & Bryson, ) 5,5 o )|, 8 edlawl 5y5 0 b Jslxo
9 OMlacsery Jobre (ladgS Gl oo CamgeeS ()9 Aoy (2006
Oygoda b g (Rl plyisa 45058 dd |y CuwgeeS 0yg Sl
921 3,8 SGB] (65,5LaS )3 (olewd (2355 L olyen JoSte
2 e dlonl plie y olie enld )0 (63, 84 pasis <l ]
sla Shs CimwgeS 0,9 0,lac (Fathima & Sekar, 2014)
L1 daly CagraS ayg 4 Comd ( pkodgm (oo g (29,50
9 29-d s Mg (e 5, | CungeeS ayg 0)las bl
S5 5 Songn sl csiio Slge b 3] olnygB 55l
ASlen (LS 48 srosiSwials g bogygeyon ade oSl )
0l z )5 CuwgeS coyg il S0 las Wbly8 lo; re > &S
it il 5 Ay el et Jelss 5l Slse ) Yiais]
sl )slors (Gopal et al., 2010) asg) o Hlocid 4 lalS
oluas B )S )15 sy 3)90 K050l 13 VAL s I CngieS
2 L Ppp (g CungraS SbP pldy CungeS o (KB
lsiaedlyse 5 Gils o slawgSee gl jslaied « Jld
Gyl ) CungraS (ggime S 0)g) iz (2090 Gel 4 sk
2 bl g (oM 250 cese o 28 & e cusndey
; Naidu et al., 2010; Ingham, 2005) 5,5 - ;lals
2 a CwaeS sl g5 (Scheuerell & Mahaffee, 2002
<bs g5 o) e Pl S slaeliie 3 T3] o
(ieS1 3955 L 5 995 o0 A5 (530S (loj Dk > g
ol 5 oy See Jold (29840 soaiSegyd 5 e polie
A3 e SRl ) CuogeeS Sl 3 () Clld silgr alie
; Naidu et al., 2010; Scheuerell & Ingham, 2005(
Gygmods L (SUS hg) 90 4 CusgeS (sl Mahaffee, 2004

33,8 10lg8 0550 53 20,5 1,8 eolaiiwl 350 Wilgi o (SLS



¥V

o G Sy (B 1 1 S 9 (BONg2 oy il ()] Sen g elie

sl § SIS B Y o)l yaily 3o SEIS 5] oozl |
oMl b (PSS gyt pnd ¢ S pSIl colin culils (pH)
L pesslty (Murphy & Riley, 1962) yzagibg i usl oS3
Jodoxe (N oy S (Jenway PFP7) yiogidauld olKiw I odlacul
Soygdlyw dpl gl 53 mawly Slog)S 63 L il Jg)4
51 oolil L pasigel 9 ilyis (Walkley & Black, 1934) Lle
loles > Jado 1o o )3 1315330 5 wa5t0 28]
prs L Loosls (gLl o (bl 53 0 g pSojlail Gialesl 5,50
3 S95 gesl 3l oaliiwl L baodly (pSike auwslio g IMP 380
EXcel Lo 3 Lajldges oy 9 doyd g sl Jlois! rdaw

85 plol

g 53 bzl 300 JT slodsS’ pliosd slo S S S
sl ods 03,91 Y g 55 JT 58 sl>

3,5 5l a2 B0 v (slod 0)58 p3 Ml )3 (6355 (sladigel iy
ey 99 o)l del ) Jobs Sl g g 505 s
MUrphy ) (oxiwcSS) gyt Jols o)las )3 jaud e o >
i) stagibg Sl oS53 5l edliz_l Ly (& Riley, 1962
Jis) o et olSi o 5§ 3litsl Ly ol 5 (WPA2000
A5 55035 (JENWAY-PFP7
235 oloj l adllas yshaioss 1 lojl (51 slosd Jlas!
(I GodsS clr alesd o Shg (B p ol 435 i
IS5 a8 Ll b ok Ml o B > piale]
5918 01l SB pole oBinlojl )5 alKtlojl Ly >
Sl ard (sl céydy plol AR Jls )5 dguio (g8 oSl
L Ve g 3a¥D ) e Caliste (slacams p (pSo)las  JI 368
g Ao polie oty o Jlgd Ol s Yoo 08 LS
o glaple) ) 9 (Setdly Bg)b (903355 g9 o jl o5 ¥
lod 3 lad Cany ol 1 odlawl b 2olga celis VY 5 ¥A ¢ VY

Jols golas o1 51 g 45 plosl 3,5 5l 453 YO-YA 1y

addllan 3,90 (J (G395 orboowsd SO ST (B - Joso
Table 1- Some chemical properties of studied organic fertilizers

SR CowgroS (059 Sl 355
Property Vermicompost (v) Cow manure (m)
55 0isrs
16.37 .
Total N (g.kg?) 63 63
8 b
Total P (g.kg™) 14.56 7.75
85 by
. .61
Total K (g.kg™) 98 86
S B Ao yd
Ash (%) 57.13 38.46
(1:5) (S U colun
4.7 .
EC (dS.mt) (1:5) 3 6.68
(L:5) < 8.59 8.91
pH (1:5)

Sl (oSS Eolin 03l 3,90 Capms 5 o e Lo
g5 ) gixe &z o I )8 (PH)

slales b cod (PH) atal palie (ke duslie s

9 Y O IS5 5 (0l 4298 s 5 (adlgn oloj ¢ T 355) Ltale]]

Al 45 Sad o s s Y S sl sl osd 039l ¥

23S I I3 ine il acows den ,d 2dlgn 13l cou (PH)

s JoB sl celo VY BYE 5l aolgn oloj Liulél s e

Slogad By pialej] slaless Bl Luilyly 458 o

Jodz ooll sl ond 02)51 ¥ Jgaz ) (ST slge sl (abiards
i Jelome I opyS p S osle 95 b ool @lyl oy 2 ¥
&> Sl 5> 90 I3 gine Sl p ol 4368 cund w3l g
5 Al osle g (Kol ol loj g JT sl g5 blize S
Sl So e 18U 29 Jlime Jglome T ()8 2 G

£95 b A5 aw Blite Ol 3l s )3 3985 I gime Slyis  4lSgd



oY 5l o ¥ o)lod 10wl (553l (ol pp sy FVY

U dwlio o |y celw FA o VY slajloj 5o (PH) an sl lide

A5 odmlie il 58] i ysody (PH) dtdp!

o Gloj 3 (PH) didwl oyt (ol (PH) ai il jlade
sgn el VY a0 (PH) dbdonl oy yieS 5 VYD G 42
hlSKen 5 $5SI5 Hidgin ) el Cwddy Vide G
Oluogad p Cuws g (p3lea oloj 5l (Gorliczay et al., 2018)
N G > a8 3l i bl ot b wyp CangaeS sl

o Mg gl (arleonsd Syl (B 2 (Plgr o g Cunnd (I 355 £95 T (Solar o (L) il 42525 -Y g
Table 2— Analysis of variance (mean of squares) of the effect of organic fertilizer type, ratio, and aeration time on some

chemical parameters of the produced tea

Oyt galio w2 I3 0 RIRT Hud oo Uy %‘i& g ]
SOV, >l &l o9l oc P K R oH
d.f N-NOs N-NH4* EC
o oske 131.04"  40100.4°  18696.9™  20229.6°  320494.3°  4.888°  0.040
Organic matter (a)
23l ol 3 424316"  56866.94°  1196259.9° 26265.2°  604127.7° 12959  11.512*
Aeration time (b)
ol a LJI o3lo Cud
Organic matter to 2 672.36™  26023.3°  718168.1"  12140.8°  3192123.2° 82.221"  0.662
water ratio (c)
axb 3 192.99  30764.4* 73730.2°  14619.3°  32027.9*  0.077™  0.388"
bxc 6 142362  24507.8°  591624.1"  2775.3"  146146.8" 2241  0.223"
axc 2 333.99™  8852.4" 27760.9™  5408.4" 122130 1.289"  0.048"
axbxc 6 156.14  10834.1° 304385  1878.1" 106850 0.152"  0.0148™

S e pae I g do s i aw )3 (gl gme
*: Significant at the 5% levels and ™: non-Significant

by il 38l L e CongueS sl j3 3l LS bl ol s
Sy CuvgeaS sl j0 Bl w03y (idlS (PH) aiuwl jlade  2olen
9 S 8L Ll s 9 (1S 1] (PH) il &l g
59y Sl e a8 W08 )l58 (Kim et al., 2015) S
adllae 3)90 sLadgS sl don > (PH) dizswl (ljee (2352
9 CwgraS (s0yg 29y OLBLS CngeoS gy o CungyeS)
YIV-A8) (oS Jainsy 530S 193 (o 3 (InCungga o 5
Sl g CowgeeS (o9 sl a5 pbany 8L il (a0
il o5 am S 5 Oyt LIS sl LS Cungia
H53g (e oy iy 3l dm VIR 5 AT aded; iy (PH)
Al o8 wily kbl 5o (Koné et al., 2010) ) San o o
(Ere 255) PIOY LS (gidassS 395) O/AY I CumgeaS” sl (PH)
sy ags 3 odlatl 5)s0 Jodle 55 K> Silie 4y 09 e
S Shy » lge (2olga (o g odlitul 3)90 Cos CugpeS
O o Gl L ¥ S5 3llae 43k 5o Jool G (5l
ool (PH) aoaml Jlosle g5 93 ya , olil 3,90 I o3lo &

355 els 95 93 ()3 dme glds Vide Cns > Ll

sl o 1y @olgn oloj g oS g Blite S1Y IS

1355 €95 59 2 )3 olsl ol 1w oo (U5 Jol> s (PH)
P sio lej dn Cud (PH) dtdl Jials Ccoge (20lsn
sla il i 595 2355 cls (PH) andul joo ploj
0l (655503101 gl (PH) atdm! & ds g5 b aS 35y CuwguaS’ o0)9
S5l 51 55 doet ol O Jgdos ollae adllas 350 T o3l 3
52 > 5> (PH) usel ialS cage (20lga (loj Galidl g0
93 (PH) at sl oy ©olds el YF loj 50 a5 ai T oolo gls
395 sl 2y90 5> (PH) abdpsl (alS g, 395 ) e sl £95
L ceolor V¥l sy CungeoS (cn)g sl 3590 53 (Jg edd 0> g9l5
oS 2 7y (PH) asswl jlade o Giuli 8l Swl celw VY
Plgp el VW oloj )3 (698 398 sl slass 5> (PH) atpes
Uil b mdlen loj e a3l b sy po ,as 4y el Canday
4550 Jdvan Vle  lyiw « Y1581 asle T sl ags
»(Yanetal, 1996) sl o Lials (PH) duswl 5,500
ol g95 »sLs (Martin et al., 2012) o) Ken 5 oyylo g}

adllls CogeS sl Sluogas 5318 oloj 5 2Ylse <]



YV ol o Sy (50 2 S 9 (B0lsn o) 15T (Ko 5 ooliin

Bl so calisee Cladins )3 odel Cawddy Ciglite guls D95 I iz ols (Islam et al., 2016) )LSen ¢ pMuol b5 .ais oanlie
5 e Sl sy ang by g Joolo g 0 oglis 5l 30 9 595 255 095 SLlk) CamgraS sl (PH) dip bl oS 250l
Al Lo g S o o3lon I by ol oloj eyl cov b aog BB jsbay (paiS olS

—

pH
O WRLIV-100OOD

58S 35 Jb o ol (285 5 @l an s 4l cou o9
(pH) d.u.\»_wl )‘A_&o g L_gz,)b_a, ul—*’) 5 u] O u—ﬂ ol @ i

b a b
h fz gh ded ef ccc
ﬁ @24
4 @48
7 o
Z
/

1:50 1:25 1:10
The ratio of organic matter to water

F1955 sl (PH) aamwl 2 (ceslio) (2019 (3l o (2T 41 (JT 23bo) o 1Y S5
Fig. 1- The effect of ratio (organic matter to water) and aeration time (hours) on the pH of organic fertilizer tea

pH

0_

9_ C

8 4 ? g AR ?’

¢ ﬁ é mo
6_ s / BE24
3] ﬁ @48
‘3‘_ 7z
o /.

m v
Organic fertilizer tea

s sl (sl (PH) sl 1 (o) lo 5 (V) CommeS o039 sl 5 (M) 5518 355 slo) JT obo 98 3T 31— UL

Fig. 2- The effect of organic matter type (cow manure tea (m) and vermicompost tea (v)) and time (hours) on the pH of the

pH
O =Wy 1000 O

produced tea

E1:50
1:25
@1:10

Ry e

m v
Organic fertilizer tea

2 55 (sl (PH) szl (1 4 1 8306) Conmd 3 (v) CevrgaaS a3 512 5 (1) (595 395 s2) JT o3ls 95 31 - USLS
Fig. 3- The effect of organic matter type (cow manure tea (m) and vermicompost tea (v)) and ratio (organic matter to water)

on the pH of the produced tea



oY 5l o ¥ o)lod 10wl (553l (ol pgp 4y pis FVY

Sl CsgraS sly o JLoo an g E0 555 sy > (Sl
Haggag & Saber, ) plo ¢ SSb (yuzmen b odalie ol
2 (PH) anawl 5 (S sl colan jlade a5 0558 Cansgs (2007
9 Lugl olS iy jiwSB) 2LS claosile Bl CungeS sl>
roseliin s by ol (e 358 iy (g (38 Sl
Hlas sl L (Islam et al., 2016) ))LSen ¢ pMwl ks
ComgueS sl (S Sl colin Jlade p yloj g Ol 4 395 o
Colin yoolae oS gygbdy g (duoyd /¢ ) Jloin] mlaw) Iy gize
V¥ ag VY 5l ol e 358 Cuwd g lej Giulidl b (S sl
bl il 58l
() o) CmgueS (c0yg 33 S5 masliy s jlade 2929 L
3 i sl VIS (655 355l 55 el i (S5l ooy
Olis o ool (P JS8) g CamgraS (0)g Sl 3 rliy Hlade
e 0l es (T odle 53 yate o S e LS a5 amd o
S0 G)le 48l Jols sl )3 gt o Jglxe ylaie oS
D yaic gy (SoeSe g odlitul 3y50 (S edle (lewss i3l
g Shme Lisu Ml p wilgs e o] Sase g JT calisee (gl
2 01 51 gl Blas sl ge o] JI s s 4500
939y Jodoee aualty Jlade Jlosle & Ol j2eS slacns
o8l Ao )3 Jodore ey jlade lolidl cozge (0lgn
P M OlS 5 s anes Gl g Same slacses JHosl
Pl WL 2lea lo; yiolidl a8 tin oo il s don
)9 Vilde G o 9 C«.«»%JU_A)9 9 L59L§ )9§ VYO o
VE o) & Coms Jsloxe sliy e 2 (63 gine yb CumgyeS

Ll aolga celw

Colin o G g oloj Jlite Sl T osle g5 ) s by

solailan .l odd 0ald L ¥ S 0 CowgueS sl (S5
A Sosl colin gals coge Joloe (sl ad 548, L
2SSl colin Jlade o yieS Gl Vi Caws bl ol
Ol 5 L g e tal3l 2 (@3lse (slalo 4o
cdleb il asess > S olge a35o0 g Same glacSed Mol
3y9-0 Cad duw y )3 (S sl Colin Il cage (Sl )
Gorliczay et al., ) o)LKen 5 (35,5 Loy )0 .0 adllao
S ol gl il Jelore (SO Sl culin oS us edly 4l (2018
Ol il yieS olgen ViV Cad ) sy yauemlisSSl sl YY)
Kim ) ohes 5 0u8 500 (dvgds 53 29 Cuclus VY ) auanlisSTl
sls dn S S colan yolie &5 0l olis (et al., 2015
9 CwgpoS (0y9 2993 QLS CuwgraS) (23lgn CungeoS sl
O9elgSl 5|y @52 05 CamgraS Sl ot (BCungeaS oS 5
el alil (o VAY=FAY) anes BB jsbas 09, o
CggaS byl )3 Sy SIl Culin paw o5Vl 45 < sboay
O9eobSSl 1 (s ) g ey CuwgeS 0y 9 (290 QoS
S osle Jlaie & Of cand (il 33l 180 350 US55 el Cannay
Comd dad ;0 &S Cpl iady .Caol odid o0 lis SO0 colaa
29 CugeeS (00y9 S 5l iy 598 295 o (Sl colin b
ol Blae V Joas j3 (Josle 93 o &8l Sluoguas b &S
Sy (598 058 (oSl colan ) g 5 0l &)l s Bllas
Sy (Fme (S jguas 0ind i oS gy CunvgureS 09 ]
»olie 55 (Koné et al., 2010) o ,LSan ¢ LS il o ol o
5 55lS (sliiwsS ( £y0 slmdsS sl ) S colia
Colid glie VL a8 0008 Gl g (o (2l Sul>



VO o ol o Shg (50 2 S 9 (Blsn o) 15T il yKod 5 ooliin

5
!
- mo
£ 3 .
2] B324
g 2 @48
2 a72

0

1:50 1:2 1:10
The ratio of organic matter to water
1355 5l (EC) S iS cata 51 (ol & 1 034e) o 5 () sl 51 -£ IS

Fig. 4- The effect of time (hours) and ratio (organic matter to water) on the electrical conductivity (EC) of
organic fertilizer tea

E1:50
B1:25
B1:10

EC (dS.m!)

Organic fertilizer tea

S 03le (gl (EC) (S 701 Calad 1 (o1 &1 (1 0300) o 5 (V) ConrgnaS 039 512 5 () (5515 355 ) J osko £ il 51 -0 S
Fig. 5- The effect of organic matter type (cow manure tea (m) and vermicompost tea (v)) and ratio (organic matter to water)
on electrical conductivity (EC) of organic matter tea

1000 - a a
900
800
700
600
500
400
300
200
100

K (mg.l'")

02448 7210 24 48 72|10 24 48 72|10 24 48 72| 0 24 48 72|10 24 48 72

Cow manure tea (m) Vermicompost tea (v)

(K) Jglomo maliy 5 (casluo) (3lgp (loj g (2 4 (T 03b) o (V) CowguaS’ 5059 sl 9 (M) 595 355 sla) I o3l £45 51 -1 UK
Fig. 6- The effects of organic matter type (cow manure tea (m) and vermicompost tea (v)), ratio (organic matter to water),
and aeration time (hours) on soluble potassium (K)



VEoY 5l ¢ ¥ ooylodh MO ol ((6559LisS (wlisd pgo 4y p25 Yv#

oS by g @olate adlga oy 5l cov Gl (slacamns
25U el YV o5m0d g el YY 9 VF Lol 5o oadlen
3y9 SLatuns dan p3 bl Jobe jiud Gioll 2 6)lixe
ol & s Jolomo yinds 3 5 3 imo 1 cl PA o el
STy lize 51 Juols et ol edasy o 55 4y el Jho
S = ) LSy 9 osy 9 Sl olen s s
VY domis )3y Lial3dl e A5l (gsl8 365 51 Lol CusgaS
9 VY0 ViV e slacu s j0 a0 lej d Caws (a0lga el
Laoyd (500 Gyl an gy plp £IV 5 0/F XA i gy Vibde
D9y FYL glacuns ) (23l (9 et & S ol
CwgraS glel 51 (Martin et al., 2012) -,LSen o i)l
72 O3S 3 gloj g (3lg ((rer CawgeeS g jgo S CuwgraS)
aS ol ol l.m‘_’ﬂ s 505 dslllas |y CuwgreS (s> Haumd Hlade
CuwgeaS (sl 93 2 55 (23gn (9 Jlo y3 jhud polie oy yid
Slowd ) el polie cp i o 3 Jb p3 ol el conday

A5 odmliie (yox CuvgeeS sl )3 (23gn (9

180 -
160 -
140 -
120 -
100 -
80
60
40
20 ik

P (mg.I')

(1:50)

Cow manure tea (m)

0 2448 7210 24 48 7210 24 48 721 0 24 48 72

35S la Vi jlew o Las el VY 5 FA o) jo cugls
ol Glolj8l g (0lg jle (ol )3 A8 odalie (o
5 sio slagle) 4 Cund cuiia Rl VIY 5 ¥/ jludedy Jolos
w—y» L (Pant et al., 2011) ,Ken 5 <ol .a3,5 cuel FA
4 095 ViV S )3 (£ 50 395 Sl od At CuwgraS' ()9 S
133)8 ols (o1 @alsn g ooy (ig) (mdlyn slosi o8 o]
2l o Comad (23lpn CugeoS (0059 b 53 paly Jlade oS
D91 yude 6y ne yobdr (Blgn (g slasles
CowgraS (0)9 3 Yl 5 )lide 3929 b 35 jaud )90 )
ool slajlog > Jglors jaud lado (5 Sike yobar ) Jsi2)
bz glajles o ol lade ;1 VIV (gl 55 S sls
A )3 i 0 (A4S sy o 85 4y 351 CusgreS o0
(Sne g (s yiwd Cbld p CangeeS 00)9 ) (SB Slap S clld
Ao 5> CgraS ayg sby 4t 3 sl JAS,SE ]
Ay bl o gtae b Jglore jhd i a3lsn dacens
ey oyls gime il el VY B YE 5 aolgn oy iuljél a5
2 89S 395 sl 3 Jslee jand Ol (bl Jolowo jand

024 48 T2
(1:25)

0 24 48 72
(1:10)

Vermicompost tea (v)

(P) Jglomo shaud 5 (Cislus) (2319 (3loj g (2T 4y (I 03k0) Commnd (V) ConwguaS' 009 sl 9 (M) (555 395 (sla) I odlo g3 1 Y JSCs
Fig. 7- The effects of organic matter type (cow manure tea (m) and vermicompost tea (v)), ratio (organic matter to water),
and aeration time (hours) on soluble phosphorus (P)

VO g VYO G ) el Cwdds yio L) ;0 Vi G

hoss an G Jgloeo JI ()5 ang5 LB ialS cage 20lsa

2 2dlsn loj g ookl 3)90 Cand lie S1A S sllao
2 Jsloee JI oS e oyt D90 30 Jolone I ) jlade



YV ol o Shg (50 2 S 9 (20lsa o) 55T (Ko 5 ooliio

il celo YA o V¥ oo mdlea lalej )3 Jgle JT op)S
38 355 sy )3 Jbre (I )8 e ol VY loj 1o e
M me BlS 59 CangeeS (09 b I yid il dxe s5bas
el pasetio 35 JS ol 53 (wdlsm a3 Jolomo JI (S
39S s il 48" Wil L (Kim et al., 2015) )Ken g oS
4S5 5ypbdr 2g o siae CungeS sl M S 2 olej 5 o
oanliio Ol 4 CewguaS VV/D cans > JI ) lade op YL
2 by g jind (QHE polie e oyl (IS jobay 5

A5 ol (Celw YY) adlsn loj op 5 YL

700 ~
600
500
400
300
200
100

OC (mg.I'")

1:50

5 @lep Ly aS awy oo a0l b ploj ) (olgr (5
Slgisds Jobre JI 38 s ol 5 oyl oy s Lil5al
5 Cowl 48,8 1, 8 odlainl 350 Cas o 4 pwyind BB e S§
aos aond )3 ol Wy e ) st )8 Bpas o s
dgmg dsns 3 ViV e s (0 aS Jls el g J dlge
V¥ ole; U 5l o) Jgdome poms anlg p3 I dlge yutio polio
dals isu o LSl b b T e g 0 saalie cele
Cge ol 3l el adly (38l same Jobre 1 )3 o oole
A oS Mae  dlg e ploj by oytd o J plie e
ool g5 A S5 55 0 )] ol bl 3l I8 5L Jglore
e o 6yl ine LS CongreS (sla anps 3 o exlil I

mo

324
B48
a7l

1:25 1:10

The ratio of organic matter to water

(0C) Jgloro (JI (055 2 (isls) (319 (o g (21 a2 (JT 3ke) o 51 -A JSUi

Fig. 8- The effect of ratio (organic matter to water) and aeration time (hours) on dissolved organic carbon (OC)

600

500
400
300

OC (mg.I'h)

200
100
0

mo
@24
@48
172

‘_!
Organic Fertilizer Tea

(0C) Jglomo (JT (3255 32 (clow) (2212 ko g (V) ComwrgnoS 50,9 (Sl 9 (M) 9 355 sla) JT o3l 95 51-Q JSUS

Fig. 9- The effect of organic matter type (cow manure tea (m) and vermicompost tea (v)) and aeration time (hours) on

dissolved organic carbon (OC)

Sl 5l 1S gaime j3 CungaS o)y sl ) posgal e sl
ol Moy 5 line 1815 Gialofl (slalass 5 392 5l 358

oo 5 Canmd o J o3le g5 5l A8 s e Il Ve S



VEoY 5l ¢ ¥ ooylodh MO ol ((6559LisS (wlisd pgo 4y p25 YYA

Celw YA loj 50 g cubls jam loj b (gl xe cigles celus

Celw VY Gdody (polan .cdl jials (o)l bxe jobay o) Jlude
Ol gt b ayle) ;500 4y Cud Gilyis HIo ixe Lil38l Coge
a0 il 8l Coge g el ilisl b aolgns a8 sl
Soul b g slacgllad iolssl (A JSs) ad Joloxe I slge
T 3l5a) 5375 5 S el Ml glio Jl odlizl 3 e,
oles G331 Ly olyzs il s 3lgicon (Sl 5 sl

A5l celu YA L aolsn

240
220
200
180
160
140
120
100
80
60
40
20

N-NH4* (mg.I'!)

Cow manure tea (m)

A D (695 398 (sl 1 pogal Jlaide a8 Jb y> cusly
Pl Jloske Cuns Ll b cels VY g FA Saody 2oloa
Cand )3 posisal Jado oy 8L (Il jho loj b augli
A Jols celo YA 2olen yloj L Y:Y -
V) S5 o5 35 aolyh o i Slaie 1 e 155 e
ool s o i |y s Jlde p aolen olos il puls
odnlin celw YA L 2olon o b lyis ials’ Kg) gols o)
Y ol o &l Hlade oo floj b duolde )3 a8 Mo ya b

Vermicompost tea (v)

o99el (5955 2 (Celw) (2319n o g (2 & JT 05ks) Comnsd (V) ComwgyoS 059 s o(m) 595 355 sla) I odke g5 1 -V 0 UK
(N-NH.*)

Fig. 10- The triple effects of organic matter type (cow manure tea (m) and vermicompost tea (v)), ratio (organic matter to
water), and aeration time (hours) on ammonium-nitrogen (N-NH4")

Ole 9 (P3sn (02 CugeeS 9 jgo S CawgraS) CumgueS gl
Mo puir oS )8l ComgraS Sl Gla Sy 2 025 P2
Celiw 08 (35 23 gloj b (@olgn (150 e 53 Syt g psigel
Byman sl 5 (5 1)) Ad oamliie CungeeS sl 93 2 5
3 1S 5 58 (S oty s3lpne bl ks s

ol sl Il )

o I g By (ailgn loj I3l Jlocol b
A FAme 33,5 (9,85 (Ad Sae g dol iy I dlse
5 (Vo JS) celo YA loj o poigel jlade (2l581 L (59,00
o B d g elypen (VY JSS) ceelu VY loj 40 @l ales
b gl i () GRSl a0 )3 Ceslo VY lej )3 oS
el 03,8 oy ialidl ol s eclale Ol @ posigel s
blsyl g &Il qwyp b (Martin et al., 2012) ) Kan 5 oyl



VA ol o Shg (50 2 S 9 (Blsn o) 15T () Kod 5 ooliin

25 - .
20 1 7
= 10 f/
. | %

0 8 M

Aeration time (hours)

(N-NO) (1555 059 2 (B3lg oloj 11 IS
Fig. 11- Effect of aeration time on nitrate-nitrogen (N-NQO3")

b s Gali8l g JT sl adgs e Ylezs] (aslgn
9 PH Lials oz i) slocalled (ljdl x> JI olse
w5 2ol loj a5 3g Jla 0l (oSl colan il
JS 5l 3929 b (pizmem 5 (L5 (Shg 93 (nl 2 )3 sna
395 4 Capmd CuargoS (0)9 )3 ey 9 yinsd gy polic il
5 s porigel jl g8 palie gsl> ol | ol (gly sslS
ttlojl ol bl 5o 8 amd e ol @l g1 Jbre iy

sl 0392 (95 365 I a8 CuangeeS (a)g () s oo

& 5 4ol
5 85y9lisS 30 CmwgeS (sl jl oalawl dy aBMe 5ol38l
Gy Wlgs o &S Jalge 3y50 55 ole daleds (gly Lol (g )lsls
ol 458l il 38l sl Lisu bl CasgeeS slasls (gjlwding
o) (wlgn oy aS by i pols adlbas I edel Cunday mli
e (V0o g VYD V1Yo ) Ol @ 365 Cand g (el VY g FA VY
A58 sl plord Gl Shy 1 S ine ysbay g

adllae ol )3 48 gyabds il oo (598 5 CusgeeS 0)g)

References

1.

Albiach, R., Canet, R., Pomares, F., & Ingelmo, F. (2000). Microbial biomass content and enzymatic activities
after the application of organic amendments to a horticultural soil. Bioresource Technology, 75(1), 43-48.
https://doi.org/10.1016/S0960-8524(00)00030-4

Barker, A.V., & Bryson, G.M. (2006). Comparisons of composts with low or high nutrient status for growth of
plants in containers. Communications in Soil Science and Plant Analysis, 37(9-10), 1303-1319.
https://doi.org/10.1080/00103620600626460

Bremner, J.M., & Mulvaney, C.S. (1982). Nitrogen total. Methods of soil analysis. Part 2. Chemical and
Microbiological Properties. 595-624.

FAO, Soils Bulletin 21. (1972). Calcareous soils. Report of the FAO/UNDP regional seminar on reclamation and
management of calcareous soils.

Fathima, M., & Sekar, M. (2014). Studies on growth promoting effects of vermiwash on the germination of
vegetable crops. International Journal of Current Microbiolgy Applied Science, 3(6), 564-570.

Gopal, M., Gupta, A., Palaniswami, C., Dhanapal, R., & Thomas, G.V. (2010). Coconut leaf vermiwash: A bio-
liquid from coconut leaf vermicompost for improving the crop production capacities of soil. Current Science, 10,
1202-1210.

Gorliczay, E., Pecsman, D., & Tamas, J. (2018). Testing laboratory parameters of compost tea. Acta Agraria
Debreceniensis, 75, 31-36. https://doi.org/10.34101/actaagrar/75/1642

Haggag, W.M., & Saber, M.S.M. (2007). Suppression of early blight on tomato and purple blight on onion by
foliar sprays of aerated and non-aerated compost teas. Journal of Food Agriculture and Environment, 5(2), 302-
3009.

Ingham, E. (2005). The compost tea brewing manual. vol. 728. Soil Foodweb Incorporated Oregon, Corvallis, OR,
USA.


https://doi.org/10.1016/S0960-8524(00)00030-4
https://doi.org/10.1080/00103620600626460
https://doi.org/10.34101/actaagrar/75/1642

oY 5l o ¥ o)loid 10wl (553l (ol pgp r yii FAS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Islam, M.K., Yaseen, T., Traversa, A., Kheder, M.B., Brunetti, G., & Cocozza, C. (2016). Effects of the main
extraction parameters on chemical and microbial characteristics of compost tea. Waste Management, 52, 62-68.
https://doi.org/10.1016/j.wasman.2016.03.042

Islam, M., Ali, S., & Hayat, R. (2009). Effect of integrated application of phosphorus and sulphur on yield and
micronutrient uptake by chickpea (Cicer arietinum). International Journal of Agriculture and Biology, 11(1), 33-
38.

Kim, M.J., Shim, C.K,, Kim, Y.K., Hong, S.J., Park, J.H., Han, E.J., Kim, J.H., & Kim, S.C. (2015). Effect of
aerated compost tea on the growth promotion of lettuce, soybean, and sweet corn in organic cultivation. The Plant
Pathology Journal, 31(3), 259-268. htpps://doi.org/10.5423/PPJ.0A.02.2015.0024

Koné, S.B., Dionne, A., Tweddell, R.J., Antoun, H., & Auvis, T.J. (2010). Suppressive effect of non-aerated
compost teas on foliar fungal pathogens of tomato. Biological Control, 52(2), 167-173.
https://doi.org/10.1016/j.biocontrol.2009.10.018

Martin, C.C.G., Dorinvil, W., Brathwaite, R.A.l., & Ramsubhag, A. (2012). Effects and relationships of compost
type, aeration and brewing time on compost tea properties, efficacy against Pythium ultimum, phytotoxicity and
potential as a nutrient amendment for seedling production. Biological Agriculture & Horticulture, 28(3), 185-205.
https://doi.org/10.1080/01448765.2012.727667

Murphy, JJAIM.E.S., & Riley, J.P. (1962). A modified single solution method for the determination of phosphate
in natural waters. Analytica Chimica Acta, 27, 31-36. https://doi.org/10.1016/S0003-2670(00)88444-5

Naidu, Y., Meon, S., Kadir, J., & Siddiqui, Y. (2010). Microbial starter for the enhancement of biological activity
of compost tea. International Journal of Agriculture and Biology, 12(1), 51-56.

Pant, A., Radovich, T.J.K., Hue, N.V., and Arancon, N.Q. (2011). Effects of vermicompost tea (aqueous extract)
on pak choi yield, quality, & on soil biological properties. Compost Science & Utilization, 19(4), 279-292.
https://doi.org/10.1080/1065657X.2011.10737010

Scheuerell, S., & Mahaffee, W. (2002). Compost tea: principles and prospects for plant disease control. Compost
Science & Utilization, 10(4), 313-338. https://doi.org/10.1080/1065657X.2002.10702095

Scheuerell, S.J., & Mahaffee, W.F. (2004). Compost tea as a container medium drench for suppressing seedling
damping-off caused by Pythium ultimum. Phytopathology, 94(11), 1156-1163.
htpps://doi.org/10.1094/PHYTO.2004.94.11.1156

Shaban, H., Fazeli-Nasab, B., Alahyari, H., Alizadeh, G., & Shahpesandi, S. (2015). An overview of the benefits
of compost tea on plant and soil structure. Advances in Bioresearch, 6(61), 154-158.
htpps://doi.org/10.15515/abr.0976-4585.6.1.15415

Walkley, A., & Black, I.A. (1934). An examination of the Degtjareff method for determining soil organic matter,
and a proposed modification of the chromic acid titration method. Soil Science, 37(1), 29-38.
htpps://doi.org/10.1097/00010694-193401000-00003

Yan, F., Schubert, S., & Mengel, K. (1996). Soil pH increases due to biological decarboxylation of organic anions.
Soil Biology and Biochemistry, 28(4-5), 617-624. https://doi.org/10.1016/0038-0717(95)00180-8


https://doi.org/10.1016/j.wasman.2016.03.042
https://doi.org/10.1016/j.wasman.2016.03.042
https://doi.org/10.5423/ppj.oa.02.2015.0024
https://doi.org/10.1016/j.biocontrol.2009.10.018
https://doi.org/10.1080/01448765.2012.727667
https://doi.org/10.1016/S0003-2670(00)88444-5
https://doi.org/10.1080/1065657X.2011.10737010
https://doi.org/10.1080/1065657X.2002.10702095
https://doi.org/10.1094/phyto.2004.94.11.1156
http://dx.doi.org/10.15515/abr.0976‐4585.6.1.154158
https://ui.adsabs.harvard.edu/link_gateway/1934SoilS..37...29W/doi:10.1097/00010694-193401000-00003
https://doi.org/10.1016/0038-0717(95)00180-8

Journal of Agroecology
Homepage: https://agry.um.ac.ir/ R

Research Article
Ev Vol. 15, No. 3, Fall 2023, p. 481-504

Investigation of Organic and Biofertilizer Sources and Harvesting Time on
Quantitative and Qualitative Characteristics of Sage (Salvia officinalis L.)

Abdollah Javanmard ", Mohammad Reza Abasian?, Ali Ostadi®® and Haniyeh Shabkhiz®

How to cite this article:

Received: 21-09-2021 Javanmard, A., Abasian, M. R., Ostadi, A., & Shabkhiz, H. (2023). Investigation of
Revised: 29-01-2022 organic and biofertilizer sources and harvesting time on quantitative and qualitative
Accepted: 02-02-2022 characteristics of Sage (Salvia officinalis L.) Journal of Agroecology, 15(3), 481-

Available Online: 02-02-2022 504.
DOI: 10.22067/agry.2022.72527.1066

Introduction
In the conventional agricultural systems, the excessive use of chemical inputs, such as chemical fertilizers,
increased the agricultural productivity. Detrimental implications from intensive farming practices and long-term use
of chemical fertilizers have been well evidenced in the environment and human health. Intercropping systems and
application of organic fertilizers and biofertilizers, including vermicompost and arbuscular mycorrhizal fungi
(AMF), are recommended in developing sustainable agricultural systems. The objectives were to evaluate the effect
of different fertilizer sources on the quantity and quality characteristics of Salvia officinalis L.

Materials and Methods

The experiment consisted of two successive phases at the Miandoab, Iran, in 2019-2020. The first was the
cultivation of spring green manure until the soft dough stage of barley and flowering stage of hairy vetch, then
returned to the soil, and the second phase was the cultivation of the medicinal plant of sage. Two species, barley
(Hordeum vulgare L.) and hairy vetch (Vicia villosa), were used as green manure. In the second phase, a field
experiment study was carried out as a split plot in time based on a randomized complete block design (RCBD) with
16 treatments and three replications. The main plot factor was eight different fertilizer sources, including control
(C), barley monoculture (B), hairy vetch monoculture (V), 75% V + 25% B, 50% V + 50% B and 25% V + 75% B,
AMF: arbuscular mycorrhizal fungus (Rhizophagus intraradices) and vermicompost. Also the subplot factor was
harvesting time (first and second harvest). In AM fungi treatments, 80 g of the soil containing mycorrhizal fungi
hyphae and the remains of the root and spores was added to the soil in planting times. Also, vermicompost (2 t ha)
was applied to the soil before planting. Analysis of variance of the data and mean comparison based on the least
significant difference (LSD) test and interaction effect slicing of different fertilizer sources x harvesting time were
carried out by using SAS 9.3 statistical software.

Results and Discussion
Plant height, number of lateral branches, number of leaves, chlorophyll index, leaf dry weight, stem dry weight,
essential oil percentage, and yield were significantly affected by the interaction of different fertilizer
sourcesxharvesting times. The highest dry matter yield was achieved under AMF followed by 50% V+ 50% B. Also
the highest of chlorophyll index and essential oil percentage of sage in both harvesting time was obtained in 50% V
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+ 50% B. Also, the first harvesting time increased by 33.9, 10.7 and 40.7% of this trait in comparison with the
second harvest. In addition, the maximum essential oil yield was observed in AMF followed by 50% V+ 50% B in
the first harvest. Chemical analysis of the essential oil of sage demonstrated that cis-Thujone, 1, 8-cineole and
camphor were the main dominant components in all treatments. The maximum cis-Thujone, 1, 8-cineole content
was achieved in 50% V+ 50% B and the second harvest. Also, the highest of camphor was observed in 25% V+
75% B treatment and first harvest. The roots of green manure plants can uptake nutrients from the lower soil layers
and transfer them to the aerial parts of the plant. By incorporating green manure, the sage growth characteristics
improved due to increasing soil microbiological processes and releasing of nutrients. Also, mycorrhizal fungus
inoculation enhanced plant performance by increasing available phosphorus and nitrogen. Treating plots with 50%
V + 50% B and AMF increases the essential oil percentage and compounds by releasing nitrogen and phosphorus
into the soil. Also, the higher morphological traits, essential oil percentage, and yield in the first harvest than in the
second harvest can be attributed to a longer growing period and optimal growth conditions (day length, sunlight,
ambient temperature).

Conclusions
Treating plots with green manure and AMF improves the morphological traits, quantity, and quality of sage
essential oil by adjusting the soil's chemical properties. According to the quantity and quality indicators, the
application of 50% V+ 50% B as green manure and AMF can be suggested as an efficient and eco-friendly
agricultural strategy in sage cultivation.

Keywords: cis-Thujone, Dry matter yield, Essential oil, Green manure, Sustainable agriculture
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Table 8- Results of variance analysis (mean of squares) for the effect of different fertilizer sources and harvesting time on

essential oil component (1,8-Cineole, cis-Thujone, frans-Thujone, Camphor, (£)-Caryophyllene, - Humulene, Viridiflorol
and Manool) of Salvia officinalis L.

oo e
Mean of squares

(5]
| owss 25t @ ) <2} 2 ~ iC) 5 2 o
et &b i = .5 S 5 S 35 n° =
5.0V L8 1,\'% 2 w i 25 42 32 38
af 39 aE ok ke FE 55 45 g
R : N N) . © : L N =
=) S 4) 3 4) § © :i) Q 3 5 S5
- )
S - - - * wox x
2 24.68 339.15 4.66 10.08 531 1.05™  0.26™ 5.50
Block
. 3-9; 7 597" 3120"™ 179" 12.81" 1.11m 6.58™ 246 9.72™
Fertilizer (F)
a glbs
14 1.98 5.78 0.45 2.06 0.58 1.15 0.49 111
Error a
UA} 1 7.72" 15.98™ 275"  37.80" 0.31™ 0.49"  1.45™ 4477
Harvesting time (H)
‘”E::f 7 2.84™ 11.38%  1.49m™ 2717 3.82™ 117" 153" 228"
b sl 16 0.64 4.08 1.12 5.39 0.26 0.19 0.12 0.59
Error b
St w2 7.41 68 2081 1583 12.74 887 733 2984
CV (%)
I gime Golds pie g Mo yd gy 9 S e ) JB Gxe S NS o =
™, " and ™: Are significant at 1 and 5% levels of probability and non-significant, respectively.
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S g (S p0 5l slaisS > (Wu et al., 2021) | )Sen 4 59
sl calle uisg gl 4o (Singh et al., 2010) )San 4
S3meS1 S igize ) (St ool ol S oS oloxl
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Sdlo 803 B¢ juw 358 slajlo > laS 5 ol (e C i
1.0 Jols 5> oy YO + Sile 1o pd YO 9 9> dopd O+ +
yind g (339555 yiber (S3L3liT L o (s3gS pl husy o i 4y
Santos ) 45,5 e (S pe (bl CutsS g 4 (VO Jgin)

(Marques et al., 2018

2 sl oD (3 Jgaz) 05 Ly (al33l (s 9 JT 058 @35S
30950 @8 2,0)8 b Jgyolias g oS 5 (e cn i Jol o2
VO + Sisle o> YO (clayloss b (g pld gxe glés a8 del Cwday
S yd cpiored (VY Jods) cuils Sile Lalld culS g g duo)d
sol s Silo a0 395" Jlos )3 Jle lje oyt o 9
203 YWY Jglo «cSiile o 395 3,) 5L & (5o (WY Joo2)
olol SlS 5 (S sk (A Jgia) <l il 38l aald 4 Cos
5 gy Lad gy Jobo e (aome (slanygiSé 18U o
S 6yS 0 ) B oyt g ol 2liE slajles Jio 25 slaysSe
3559 D99 puill SluS 5 ke g g9, 1y (Sl wils o
«oplysosde (Verma et al., 2015; Zheljazkov et al., 2009)
Wob oo JyiS (S ey huy gl bcdglie 4251
Sgbo S (o Jlge g 05 o] Snge U
Gkl 1556500 2,18 4S5 sbay (Morshedloo et al., 2017)
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Table 9- Means comparisons of essential oil component (1,8-Cineole, cis-Thujone, frans-Thujone, Camphor, - Humulene,

Viridiflorol and Manool) of Salvia officinalis L. influenced by different fertilizer resources

oy
$355 Aliseo ol i A gV 29 e g 2988 Apep Wl Jyydbnpy gl
Different fertilizer sources 1,8-Cineole  cis-Thujone trans- Camphor  a- Humulene Viridiflorol ~ Manool
Thujone
355 Spae pic 10.23 27.54 5.00 15.40 4.44 421 3.65
No fertilizer
9 palls et 11.67 30.78 5.06 14.35 6.74 4.01 1.39
Barley monoculture
Sle palls cis 11.36 27.07 5.80 13.64 4.69 5.25 4.66
Vetch monoculture
92 22,3 V0 HSile 2o VO 9.50 20,64 5.23 1657 5.89 5.5 1.63
75% Vetch+ 25% barley
92 dop> b+ Sile a3 e 1223 3358 5.71 13.68 3.78 484 0.84
50% Vetch+ 50% barley
92 323 VB il 0,3 VD 9.54 27.84 5.12 16.86 5.22 5.70 2.33
25% Vetch+ 75% barley
Y oSyl 152550 )8
Arbuscular mycorrhiza| fung| 11.32 31.90 4.07 12.85 5.48 5.60 3.04
(AMF)
“‘“‘9“‘5 9 10.72 29.17 474 13.94 371 441 3.07
Vermicompost
LSD g5 1.742 2.979 0.833 1.778 1.33 0.872 1.305
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Fig. 2- Means comparison effect of intercropping combinations on biomass total incorporated into the soil

Biomass total (ton.ha'?)
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Table 10- Means comparisons of essential oil components (1,8-Cineole, Camphor, Viridiflorol, and Manool) of
Salvia officinalis L. influenced by harvesting time

Cils oloj Jokiams Ag) s5helS Josgki g Jsibe
Harvesting time 1,8-Cineole Camphor Viridiflorol Manool
_ Jlos 10.42 15.55 4.73 2.27

First harvesting
PR O 11.22 13.77 5.08 2.88
Second harvesting
LSD o.05 0.491 1.421 0.220 0.470

v cJ i Ag)) (il SIS 55 50 Cudld pr o 31 b o 5> LiliBee (6395 dabio (s po (SSle) Jillie 51 (B340 90— Y Jguo
5 w20 (Joile 9 Jgyghoss pg colgagud W comldyy 5 sl ool g9

Table 11- Interaction effect slicing (mean of squares) of different fertilizer sources at each level of harvesting time in essential
oil component (1,8-Cineole, cis-Thujone, Camphor, (£)-Caryophyllene, a- Humulene, Viridiflorol and Manool) of Salvia

officinalis L.
oI a5 Mean of squares
Cild g 5 R K
. o5l g Ag) - vy . b 5 5! L R .
Harvesting ‘fjf) J 1"8_ ’ &zis- ) 298 ““(;’_ o OFgead W Jajglo g Joile
time Cineole Thujone Camphor Caryophyllene a- Humulene  Viridiflorol Manool
Jsl o
First 7 5.31" 30.21™ 30.95™ 257 5.28" 2.81" 4.19™
harvesting
£ O
Second 7 3.51" 12.38" 9.03" 2.36™ 2.48™ 1.19™ 7.82
harvesting

ok

I gime Golds pie g Mo yd gy 9 S e ) JB Gxe S NS o L
, " and ": Are significant at 1 and 5% levels of probability and non-significant, respectively.
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Table 12- Means comparisons of interaction effects of different fertilizer resources on essential oil component (1,8-Cineole,
cis-Thujone, Camphor, (E)-Caryophyllene, a- Humulene, Viridiflorol, and Manool) of Salvia officinalis L at each level of
harvesting time

(]
g o N Tgé, 38 27T
Bl <8 %% w2 wv§ 5 IS 53
e 5 a2 4E 7% Y 35 3s
Treatments s g n S & :i): < 2 A 0=
S5 8 © 586 3 s 35
my
3 S0 pic 880 2738 1822 4l 426 308 280
No fertilizer
2 pals cus 114 314 134 3.45 720 436 178
Barley monoculture
Saile Lalls s

10.8 25.75 15.9 2.21 4.98 5.4 4.31
Vetch monoculture

92 209 YD+ K3l 202 VD 939 288 174 455 575 48 187

Jsl o 75% vetch+ 25% barley

i 0+ +Sils o
First g7 Koy Or TS 42)3 1172 33.35 15.6 3.27 276 459 055

harvesting 50% vetch+ 50% barley

93 duo pd YO +Silo o yd YO
25% vetch+ 75% barley

Y Sl 15259500 2,8
Arbuscular mycorrhiza| fung| 12.31 32.12 10.20 4.86 5.24 5.94 1.71

8.99 24.27 20.39 4.97 51 5.80 171

(AMF)
“‘“7‘5 it 9.94 29.75 133 4.08 3.82 3.91 3.43
Vermicompost
LSD 005 1.88 42 4.04 1.23 1.17 101 1.33
355 Spae pic 11.7 27.70 126 4.27 4.61 53 449
No fertilizer
2 oAl e 11.9 30.1 153 4.62 628 366  1.00
Barley monoculture
Sl palls cuis 1195 2839 1138 439 44 514 501
Vetch monoculture
92 2o VO FKile a2 VO 9.62 30.4 157 360 603 569 139
£9S e 75% vetch+ 25% barley
Second 92 2o B+ Sile do> 00 1274 3381 1179 517 48 507 112
harvesting 50% vetch+ 50% barley
92 203 VO £ ik a3 VO 101 314 133 444 53 559  2.95
25% vetch+ 75% barley
)\/5&’1&.)1 152050 z,6
Arbuscular mycorrhizal fungi 10.3 317 155 2.20 5.7 525 437
(AMF)
oz s 115 28.6 146 4.06 3.60 4.9 2.71

Vermicompost
LSD o.0s 1.95 2.54 2.98 0.86 1.67 0.968 1.61
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Table 13- Results of variance analysis (mean of squares) for the effect of intercropping combinations on biomass total of
incorporated into soil

©lapo ke
Ol gty 2slio &3l as Mean of squares
S.0.vV d.f S @ Sl 8397 G § Eg050
Biomass total incorporated into the soil
Sob
Block 2 2.03
Lglsee ws dusz,s _ 4 8.06
Intercropping combinations
= 8 0.373
Error
et 3.96
CV (%)

o> S s pdaws jd o dize -
**: Significant at 1 % levels of probability.

B lowi Jlosl 51 aer il il Jomo SE o bowd Clmoguad 5 iliro (6395 Zabie i1 (Claspo (1Silee) (il ylg 45008 gl — V€ Joua
Table 14- Results of variance analysis (mean of squares) for the effect of different fertilizer sources on soil chemical
properties of the experimental site after application of treatments

©lapo (ke
booiS aslie ) Mean of squares
Ol i 200 ] - - - P .. .
g’g \f’ &l S ol s BB ad 5 gk PO oLy Mo
T d.f OrganicC sty Available P Total N Amount of exchangeable
(%0) pH (mg.kg™) (%0) K (mg.kg™)
s
* 2 0.001 0.096 0.006 0.0004 544.50
Block
bl cutS il gloeuS - . ” - -
. e . SIS 0.071 0.453 146.46 0.0048 41300.02
Different intercropping ratio
> 14 0.002 0.020 2.545 0.0003 885.83
Error
st e 4.59 1.89 7.51 13.06 4.68
CV (%)

o pd S Jloss ! o 55 b ixe -
**: Are Significant at 1 % levels of probability.
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Table 15- Mean comparisons for the effect of different fertilizer sources on soil chemical properties after application of

treatments
e o35 gulo oS oW Cde BB s IS e I iyl
it ; d’l' & OrganicC sl Available P Total N Amount of
Different fertilizer sources (%) oH (mg.kgt) (%) exchangeable K (mg.kg™)
355 Spae pie 0.48 7.2 103 0.07 505
No fertilizer
9 palls s 0.88 7.07 15.1 0.08 509
Barley monoculture
Soile ol i 0.92 7.48 215 0.12 633
Vetch monoculture
92 2o VO F ke a3 VO 0.94 7.51 234 0.14 707
75% Vetch+ 25% barley
g b b i Sile do 3 b 0.97 7.97 342 0.19 853
50% Vetch+ 50% barley
92 222 VO +ila a3 VO 0.82 7.24 198 0.11 549
25% Vetch+ 75% barley
g _@b i 0.90 7.14 243 0.17 694
Arbuscular mycorrhizal fungi (AMF)
“““*“5 it 0.85 8.05 21.3 0.12 635
Vermicompost
LSD o.05 0.07 0.25 2.79 0.03 52.12
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Introduction

Sustainability analysis of agricultural ecosystems is important in their decision-making and proper management.
Quantifying the sustainability of cropping agroecosystems can provide solutions to achieve positive economic and
environmental results. Emergy analysis can be used to determine the degree to which ecological and economic
systems are sustainable. By employing this method, we can better understand ecological and economic systems and
their interactions. Emergy analysis quantifies environmental and economic costs associated with achieving
sustainability, allowing for integrated management of ecological and economic factors. Emergy analysis is currently
being used in agriculture to determine the sustainability of various scales of production systems. The present study
was conducted to monitor the sustainability and productivity of inputs in wheat, barley, and alfalfa production
systems using emergetic indicators using information collected from the smallholders in Boland village, Sistan, Iran
,in 2019.

Materials and Methods

Boland village is located in Teymurabad village, approximately 17 kilometers north of Zabol city in Sistan and
Baluchestan province. Boland village's agricultural composition includes wheat, barley, and alfalfa cultivation.
During the study year, 148.9 hectares were designated for wheat cultivation, 50.8 hectares for barley cultivation, and
13.5 hectares for alfalfa cultivation. The inputs used included environmental and non-renewable resources and
purchased resources. These data were gathered during the study period using a database of agricultural
organizations, verbal estimates, field measurements, and researcher observations. The first step is to analyze the
system's boundaries and draw an energy diagram to classify the system's inputs. Emergy analysis's second step is to
create emergy evaluation tables. After quantifying each system's input flow in joules, grams, or Rials, the inputs
were multiplied by their transformities to obtain the solar emjoule (sej). Specific emergy, unit emergy value,
renewable emergy percentage, emergy investment ratio, emergy yield ratio, environmental loading ratio,
environmental sustainability index, and emergy exchange ratio were all used in this study.

Results and Discussion
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Free renewable and non-renewable flows accounted for 50.79%, 45.89% and 42.29% of the total input current of
wheat, barley and alfalfa production systems. The large share of free domestic inputs indicates that the majority of
study farms are non-industrial systems that are managed in a semi-traditional, low-input manner. The emergy input
of non-renewable environmental resources was 2.73E+17, 6.42E+17, and 4.99E+17 sej/ha in wheat, barley, and
alfalfa systems, respectively. Wheat and barley production systems have high emergy flows due to the high loss of
soil organic matter and soil erosion in these systems. In wheat, barley, and alfalfa production systems, the highest
proportions of purchased exergy resources were associated with animal manure, nitrogen fertilizer, and phosphorus
fertilizer, respectively. In wheat, barley, and alfalfa production systems, the unit emergy value was 4.44E+05,
3.80E+05, and 3.64E+05 sej/J, respectively. The higher exergy efficiency of alfalfa production systems compared to
wheat and barley production systems may be attributed to alfalfa's comparable economic performance to other
systems. EYR was calculated to be 2.03, 1.85, and 1.73 in wheat, barley, and alfalfa production systems,
respectively. The reason for the higher EYR in wheat production is that less purchased resources are used and a
greater proportion of inputs are provided by purchased resources. Additionally, the ELR values for wheat, barley,
and alfalfa production systems in Boland village were 17.36, 16.09, and 7.08, respectively. The calculated values for
emergy sustainability indices (ESI and ESI*) showed that the ecological sustainability of the alfalfa production
system is higher than other study systems. The main reason for the greater sustainability of this system was the large
share of input energy related to free environmental inputs and economical renewable resources. Also, low energy
exchangeable ratio (EER), environmental sustainability resulting from market impact, less emergy expended in the
production of each output unit, and higher productivity of total production factors indicate a greater comparative
advantage of the alfalfa production system.

Conclusion

In general, the evaluations based on the calculation of emergy-based indicators showed that in the dominant
agricultural systems of the Boland village, Sistan, attention to practical solutions in the comprehensive management
of the production system, especially protection of soil organic matter and prevention of soil erosion, can have a
significant impact on ecological sustainability.

Keywords: Environmental load, Emergy synthesis, Renewable inputs, Input-output based analysis, Emergy based
indicators
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1- Unit emergy value

2- Renewable emergy ratio

3- Emergy investment ratio

4- Modified emergy investment ratio
5- Emergy yield ratio

6- Environmental loading ratio

7- Environmental sustainability index
8- Emergy exchange ratio
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Table 1- Specifications and formulas of indicators based on energy used to evaluate the production systems of wheat,

garlic, onion, fennel, cumin, black seed of Hirmand

ol Jge 2 Slasule &0
Indicator Formula Specifications Reference
“F?’I) et;;‘ z Mf; ‘Su‘f’” R s e ool Odum
enewla € Ipus from free Renewable environmental flows (1996)
ocal resources
Y 25 e ‘JKf'l) Gleuss Oy (oo e 5l Al waes sl Odum
Non-renewable environmental N . 1996
inputs Non-renewable environmental flows (1996)
2deos )lik slesdgs Fr b @lie 5l plosios slapl o> Odum
Renewable purchased inputs Renewable flows from purchased resources (1996)
NM,U Sl st;ll;‘le dtmflsa)gd - S @lie §1 pib Lios lagl x> Odum
on-renevivr?puetzspurc ase Non-renewable purchased flows (1996)
S 5,0l 53 U=R+N+Ex+ i ol ) Coleo (sl JLidyge el e JS _ odum
: F Total emergy resources required to support the production 1996
Total emergy input N (1996)
system
lyome AR (Jg) s (293 21y o Mg sl jbinjge (55l ke
FREIONe: o . Brown &
o Tr=U/AE el Jpazme (533 Ulgiati
Transformity Amount of emergy required to produce an output unit in (2004)
joules. AE is the energy content.
®WR=
8550 s R A ) P g o 03l iy 55 55, 03 Odum
Emergy renewability x100 Percentage of the renewable energy used by the system (2000)
dlaidl mlis )d ()8 a oy b o mlis 1 skl julids
iyl o Sdes s EYR=Y/Fr+F Ability of a process to use renewable and nonrenewable Odum
Emergy vield ratio N environmental resources with economic resources as a (2000)
capital
2 oely (e (55,3 IS @ )l St )l p 55 e cuns EIR Brown &
Emergy investment ratio (R+N) EIR is the ratio of emergy resources purchased from (2004)
outside to all free environmental emergy in the system
o) "L;“' i )‘*I o ELR=(N#Fur Pl S, g 005 sy e 5L Lu etal.
tandar enw:gtr;gnenta oading FrR)/R Environmental pressure produced by a process (2014)
odd Mol aotacins § 5l o ELR*= i Lu et al.
Il ! yolide
Modified environmental (N+Fn)/ Frt g S o s (2014)
X : R) An inverse measure of sustainability
loading ratio (
P (5l el i ke (ol 42 damo & pls (g8 Sty L(;g;;)'-
Lo ()l pasli ESI=EYR/EL cul Jigs
Emergy sustainability index R The dependence of the system output on thg en\_/i_ronment,
the greater the value, the stronger the sustainability of the
system.
SLas Jolas b plys piinios mbie 5l eoliul p a5 oglite (o luly jasls Luetal.
W) C)ft‘_" e ?5)‘-\&9. oasls ES|*= sl S pate Cons Lago 3 03)ls (2014)
Modified environmental (EYR/ELR¥) Alternate sustainability index that focuses on the use of
sustainability Index renewable resources with minimal pressure on the
environment.
Economic output (A system yield) traded with money in
&5pel dhalio S EER YM/L the market (YM) on total emergy input rate (EJ) odum
Emergy exchange ratio - b W““"o" (YM) )I)l’ 2 J?:’ l" [R¥ ‘\bl‘:“’ (PUé.S .))f\L,._c) stl"":s‘ t_s'?ﬁ)i (1996)
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Table 2- Raw data and renewability Fraction for different cropping production systems in Boland village.

Unit Wheat Barley Alfalfa Renewable fraction
) P # g ]

iy e bl
Renewable environmental input (R)

S o3 ] 407E+15 1.24E+15 8.62E+14 1
Solar energy
bt 3y J 127E+14 2.15E+13  5.70E+13 1
Wind, kinetic energy
ok glest 53 J 2.89E+11 987E+10  1.26E+12 1
Rain, chemical
ol Jewilegs 551 ] 804E+09 2.74E+09  7.30E+08 1
Rain, geopotential
2y, ] 445E+12  1L11E+12  6.92E+11 1
River water
8B, o 3 5 3 ] 501E+12 121E+12 8.38E+l1 1

Evapotranspiration, river water

rhbnaed s ol
Non-renewable environmental input

i) < J 0.00E+00  0.00E+00  1.87E+11 0
Ground water
w)’ﬁ_)’*'_éf“" 9 255 J 0.00E+00  0.00E+00  2.05E+11 0
Evapotransplratlon, groundwater

S (Jolse s J 9.90E+12 289E+12  8.97E+1l 0
SOM reduction

SE ale)p J  3.50E+08 9.55E+06  3.83E+07 0
Soil erosion

RICUF T

Non-free inputs




VD L el oY pamo gl (65)3LiS sl pgy (5ol Gl lKed g (SuidS

Sl 5950 J 3.48E+10 1.03E+10  7.48E+09 0.1
Human labour
eVlonile g  697E+05 2.39E+05  8.64E+04 0
Machinery
ol pllas ]l .
; O Rial 2.98E+08 1.02E+08  1.62E+06 0
Installation of irrigation system
ek g  150E+07 4.83E+06  6.08E+05 0
Nitrogen fertilizer
S 5 g  7.62E+06 260E+06  7.62E+06 0
Phosphorus fertilizer
rolpdss g  5.24E+06 169E+06  1.11E+06 0
Potash fertilizer
Retd g  164E+05 559E+04  7.43E+04 0
Micro fertilizer
w2 355 g  191E+09 3.05E+08  1.62E+08 0.2
Manure
“S““ g 44TE+05  1.02E+05  8.91E+04 0
Herbicide
Sl g 149E+05 381E+04  6.89E+04 0
Fungicide
“‘5”“’ g 1.27E+05  2.54E+04  3.38E+04 0
Insecticide
el sl i S J  0.00E+00  0.00E+00  4.37E+09 0.03
Electricity for irrigation
> Rial 4.50E+08 1.11E+08  8.64E+06 0.2
Seed
oS gly) 5 o9 g  570E+11 L164E+11  2.27E+11 0
Fossil fuel and lubricant
L 29,5
Output
s3] 3 Ko g  463E+08 1.28E+08  1.09E+08
Economic yield
s3] 3 e J  6.81E+12 186E+12  1.60E+12
Economic yield
ol 2,8koe g  5.12E+08  1.50E+08 -
Straw yield
ol 3 Ss J 115E+12  3.38E+11 -
Straw yield
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Table 3- Emergy synthesis and input structure of different cropping production systems in Boland village (sej.ha™")

J o po & P # g
Transformity Reference Wheat Barley Alfalfa
rdnad e gl >
Renewable environmental input (R)

S 29 1.00E+00 e 5k 407TE+15 124E+15 8.62E+14
Solar energy By definition
_ bb(w_‘.‘._d}‘f‘ 1.25E+03 Campbell & Erban (2016) 1.59E+17 2.69E+16 7.13E+16
Wind, kinetic energy
| - - I
Wlf s s> 2.25E+04 Campbell (2003) 6.50E+15 2.22E+15 2.84E+16
Rain, chemical
bl dedbis's 551 1.34E+04 Campbell etal. (2005)  1.08E+14 3.67E+13 9.78E+12

Rain, geopotential
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_‘UBJ” <! 3.61E+04 Buenfil (2001) 1.61E+17 4.01E+16 2.50E+16
River water
Evapotranspiration, river water
" T e e 2.88E+04 Campbell (2003) 1.44E+17 3.48E+16 2.41E+16
Wlbsg) ol 3y g s
Eoomxe 1.65E+17 4.13E+16 7.21E+16
Subtotal
rdbuaed duse ok
Non-renewable environmental input
i) 1.92E+05 Buenfil (2001) 0.00E+00 0.00E+00 3.59E+16
Groundwater

Evapotranspiration, groundwater

it ]t s 2.88E+04 Campbell (2003) 0.00E+00 0.00E+00 5.90E+15
IR) P B9

Sk Jblye clil 90.36E+04  Brandt-Williams (2002)  9.27E+17 2.71E+17 8.40E+16
SOM reduction

SB Gile,d ;

) ) 1.27E+09 Brown & Bardi (2001) 445E+17 1.21E+16 4.86E+16
Soil erosion

Eoozxe 1.37E+18 2.83E+17 1.74E+17

Subtotal

OBy slrodle
Non-free inputs

Sl gy 2.22E+06 Lu et al. (2009) 7.73E+16 2.29E+16 1.66E+16
Human labour

Q\jl‘?"‘m 1.01E+10 Campbell et al. (2005) 7.04E+15 2.41E+15 8.73E+14
Machinery

_‘”L'*' f’_u_)"ﬁf*”' 6.76E+07 Asgharipour et al. (2020)  2.01E+16 6.90E+15 1.10E+14

Installation of irrigation system

. "59’::535_ 3.09E+10 Brandt-Williams (2002) 4.64E+17 1.49E+17 1.88E+16
Nitrogen fertilizer

S 25 2.82E+10 Brandt-Williams (2002)  2.15E+17  7.33E+16  2.15E+17
Phosphorus fertilizer

ol 2.23E+09 Odum (1996) L17E+16 3.77E+15 2.48E+15
Potash fertilizer

.”s"“’_f_ 2.05E+10 Lan et al. (2002) 3.36E+15 1.15E+15 1.52E+15
Micro fertilizer

w355 2.96E+08 Odum (1996) 565E+17 9.03E+16 4.80E+16

Manure

""Sdl; 6.30E+10 Hu et al. (2010) 2.82E+16 6.43E+15 5.61E+15

Herbicide

Ak 6.30E+10 Hu et al. (2010) 9.39E+15 2.40E+15 4.34E+15

Fungicide

iSorde 6.30E+10 Hu et al. (2010) 8.00E+15 1.60E+15 2.13E+15
Insecticide

S Sl .

M”SJ 2.31E+05 Asgharipour et al. (2020)  0.00E+00 0.00E+00 1.01E+15
Electricity

S)A{d 6.76E+07 Asgharipour et al. (2020)  3.04E+16 7.50E+15 5.84E+14

ee
oS gly) 5 S5 8.60E+04 Bastianoni et al. (2009) ~ 4.90E+16 1.41E+16 1.95E+16
Fossil fuel and lubricant

Eomxe 1.49E+18 3.82E+17 3.36E+17

Subtotal

oo 3.02E+18 7.06E+17 5.83E+17

Total
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Emergy based indices Unit Wheat Barley Alfalfa
S50 2 e g pad L gy pas # axdg
Transformity (Tr) .
L sej J*  4.44E+05 3.80E+05 3.64E+05
Ja5 oy
SpeC|f|c&emefgyl/ (SPE) sejg? 6.53E+09 5.51E+09 5.35E+09
029 Koy
ili 0,
Renelvi?::z; %R) ";o” 9.69 9.00 14.33
Emergy yield ratio (EYR)
Syl 3 Sl Cop 2.03 1.85 1.73
Standard emergy investment ratio (EIR)
3l ()l aylo o s 0.97 1.18 1.36
Modified emergy investment ratio EIR*
okl (g il s s 9.04 9.25 4.67
Standard environmental loading ratio (ELR)
5 bl arocens) b Can 17.36 16.09 7.08
Modified environmental loading ratio ELR*
o Mol agxocions i Copud 0.13 5.98 0.04
Standard environmental sustainability index (ESI)
5] _dasimn (bl el 0.12 0.11 0.24
Modified environmental sustainability index (ESI*)
o ool aime (sl pasla 15.62 0.31 41.02
Emergy exchange ratio (EER)
el holen o 258.75 330.95 107.44
Environmental index of sustainable development (EISD)
ool degs eacns bl 30.29 38.02 26.28
Emergy index of agricultural product safety (EIPS) 0.50 0.38 0.26
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Introduction

One of the major factors restricting the crop production is nitrogen. Nitrogen has an important role in achieving
maximum yield and improves crop yield and quality (Ullah et al., 2010). In the arid and semi-arid regions of Iran,
the deficiency of organic matter in the soil as the natural resource required by the plant and the moisture tension are
the major factors of absorbing nitrogen, and after moisture tension, nitrogen tension is the major limiting factor of
crop production (Sadri, 2017). Nitroxin fertilizer contains nitrogen-fixing bacteria that fix the air nitrogen, balance
the high-consumption and micronutrient elements, synthesis and secretion plant growth stimulants, and as a result,
plant protection against pathogens, biological and non-biological stresses. One way to examine the efficiency of
fertilizers, especially nitrogen, is by studying nitrogen use efficiency. This indicator shows the increase in yield by
each unit increase in the input (Delbert and Ulter, 1989). One way to manage different nutritional resources is to
evaluate the nitrogen use efficiency. This study aims to evaluate the function and indicators of nitrogen efficiency in
manure treatments and different resources of nitrogen in safflower.

Material and Methods

This experiment was conducted as a randomized complete block design with three replications in the research
farm of the faculty of agriculture at the University of Jiroft in 2018-2019. The first factor included different sources
of nitrogen fertilizer in six levels of urea fertilizer, urea with sulfur coating, ammonium nitrate, nitroxin, nano
nitrogen, and control; the second factor included animal manure in two levels of consumption and non-consumption
was considered. The intra-row and inter-row distance was 30 and 10 c¢m, respectively, with 2x3 m? plot size. Drip
irrigation was used, and during the different plant growth stages, no chemical pesticide and herbicide was used;
nitrogen of seed, leaf, and shoot was carried out using Kjeldhal method. Data were analyzed by SAS software
version 9.4. Mean values were compared according to the Duncan test at P < 0.05.

Results and Discussion
The results showed that manure and different resource of nitrogen has a significant effect on the seed yield, seed
nitrogen percentage, biomass, plant nitrogen content, the efficiency of use, physiological, absorption, productivity,
and nitrogen harvest index in safflower. The highest nitrogen in seed (3.46%), biomass (1.05%), seed yield (284
g.m?), seed nitrogen content (1138.8 g.m), and hiomass nitrogen content (752.5 g.m-?) obtained in manure +
nitroxin treatment. The results indicated the positive and significant effect of manure and biological fertilizer on the
improvement of yield and nitrogen efficiency. The interaction of manure and different nitrogen fertilizers on seed
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yield was significant. The highest and lowest seed yields were obtained by manure + nitroxin treatment (284 g.m?)
and not using manure and control treatment (68.3 g.m2), respectively. In safflower, using nitrogen fertilizers can
increase seed yield by affecting plant branches (Weiss, 2000). The researchers reported that using nitrogen,
compared to control (not using nitrogen) increased safflower seed yield. According to the results, manure treatment
compared to not using manure treatment showed 24.3% increase in seed nitrogen. Nitroxin and nano nitrogen
fertilizers have the highest seed nitrogen percentage (3.46 and 3.21, respectively), and the lowest nitrogen was in the
control treatment (1.9%). Manure + nitroxin treatment had the highest nitrogen in biomass and plant. In safflower,
manure increased the absorbed nitrogen percentage compared to the control treatment (Ghanbari et al., 2016). In this
regard, the researchers observed the increase in absorption efficiency and use of nitrogen in saffron using organic
fertilizers compared to chemical fertilizers. The results of this research showed that using biological fertilizers,
especially nitroxin, has a positive effect in increasing seed number in plant, seed yield, days to maturing, nitrogen
percent, absorbed phosphorous by plant, and nitrogen physiological efficiency (Arab-Niasar et al., 2019).

Conclusion
The results of this experiment showed that using manure and biological fertilizer improves nitrogen efficiency
compared to not using manure conditions. It seems that combined manure with chemical fertilizers reduces the loss
and washing of nutritional elements, especially nitrogen. The use of organic fertilizers to improve soil structure,
maintain water, and access to required elements by plants should be considered as a priority. Regarding the highest
yield in manure + nitroxin treatment, it is suggested to use nitrogen fertilizers with biological origin.

Keywords: Biofertilizer, Nitrogen harvest index, Nitrogen percentage, Nitrogen productivity
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1- Nitrogen uptake efficiency

2- Nitrogen physiological efficiency
3- Nitrogen use efficiency

4- Nitrogen harvest index
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Table 5- Mean of comparison of the effect of cow manure and different sources of nitrogen on seed nitrogen percent and
nitrogen productivity in safflower
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Table 5- Analysis of variance (mean of squares) the effect of cow manure and different nitrogen sources on nitrogen
efficiency indexes
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ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 6- Mean comparisons of interaction of manure and different nitrogen sources on nitrogen efficiency traits of safflower
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* In each column, there is no significant difference between treatments with common letters according to the Duncan test.
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Introduction

Drought is one of the most important environmental stress adversely affecting agricultural products, especially
in arid and semi-arid regions. Using Trichoderma fungus and biopolymers such as chitosan is one of the ways to
reduce drought stress. Trichoderma fungus, as a plant growth-promoting fungus, is the most common fungal and
soil-modifying species that can directly with plant roots in the rhizosphere and improve growth as well as biological
control of living stresses such as pathogenic fungi and non-living stresses such as drought, salinity, and heavy
metals. On the other hand, one of the effective ways to protect the plant in conditions of low irrigation is the use of
anti-transpirants, including the biostimulant chitosan, which markedly limits transpiration from the plant surface.
The anti-transipirants action of chitosan can be attributed to the involvement of chitosan in the abscisic acid
pathways, which closes the stomata and thus reduces transpiration. Chitosan is readily soluble in water and organic
acids. Therefore, it can be used in various methods such as mixing with soil, foliar spraying, and impregnation with
seeds in agriculture.

Material and Methods

This research was conducted in a split factorial arrangement based on a randomized complete block design. The
main plot factor was irrigation interval in three levels (two days as normal irrigation and three and four days as
deficit irrigation conditions), and sub-plots were inoculated with T. longibrachiatum at two levels (inoculation and
uninoculated control) and chitosan at three levels (0, 0.2 and 0.4 g/L). Each experimental plot consisted of three
planting lines two and a half meters long and one meter wide. T. longibrachiatum was obtained from Tabarestan
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Agricultural Genetics and Biotechnology Research Institute. The first irrigation was done simultaneously with
planting basil. Up to one month after sowing the seeds (six to eight-leaf stage of plants), the plots were irrigated
evenly with tubes, and from this stage onwards, irrigation treatments were applied. Pesticides and herbicides were

not used during the experiment, and weed control was done manually. Chitosan was prepared from the Sarina Teb
store, in three levels of zero, 0.2, and 0.4 g/l, and sprayed in three stages: vegetative, before flowering, and 50%
flowering.

Results and Discussion

The results showed that by increasing the irrigation period from two to four days, the morphological traits of
basil, such as root length and stem length, leaf dry weight, root, stem, and dry matter yield decreased. Also,

physiological traits of basil, such as carotenoids and chlorophyll meter, increased while chlorophyll a, b, and total
chlorophyll decreased. Application of 0.2 g/L of chitosan inoculated plants increased chlorophyll b content by 68%.

The highest percentage and yield of essential oil in normal and irrigation deficit conditions were obtained when
plants were inoculated with Trichoderma and foliar sprayed with chitosan. The highest percentage and yield of
essential oil were observed with an average of 0.88 and 42.87% in normal irrigation conditions, application of
Trichoderma, and zero level of chitosan, respectively. According to the results, increasing the irrigation cycle,

chitosan application and fungal inoculation, increased the percentage and yield of essential oil. However, by
increasing the irrigation cycle, chitosan alone decreased the percentage and yield of essential oil, and only in the
three-day irrigation cycle it increased the percentage of essential oil compared to the control.

Conclusion

Overall, the findings showed the positive effect of concomitant use of Trichoderma fungus and chitosan on
improving the growth of sweet basil and increasing drought resistance.
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Table 1- Physicochemical characteristics of farm soil
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pH
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N
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P
K
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Texture

7.3
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(mg.kg ™) 14
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Silty clay
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Table 2- Analysis of variance (mean of squares) of the effect of irrigation deficit, Trichoderma fungus, and chitosan on morphological
traits and dry weight of basil plant

©la e nbe
Mean of squares
UL W NPT SS (39
S.0v d.f Bl Job Ay y Job Dry weight
Stem length Root length S a8lw Al
Leaves Stem Root
Sk 2 8.13 4.37 0.0001 0.004 0.001
Block
(D) sleles 2 11.95 1531 0.0004 0.004 0.0007
Irrigation deficit
kel sl 4 2.95 1.16 0.0004 0.0004 0.0007
Main error
(F) Ob 1 51.15" 0.0002 0.001 0.004 0.002"
Fungi
©) -0159:; 2 32.75" 1.35 0.002* 0.06™ 0.002"
Chitosan
DxF 2 35.03" 1.35 0.02™ 0.003 0.005™
FxC 2 13.37 6.45 0.01™ 0.03" 0.002"
DxC 4 44.08™ 3.96 0.003™ 0.004 0.0006
DxFxC 4 4,54 3.62 0.01™ 0.005 0.001*
oislel st 12 77 2.61 0.0004 0.008 0.0005
Error
Slpsts o ps 1021 18.16 5.48 22.36 15.25
C.V (%)

CE I

o> S5 g g Jlein ! e )3 I dxe ol pay g
*, ™ are significant at 5 and 1% probabiligy levels, respectively.
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,5-ba (Mohammadi et al., 2015; Abdel-Monaim, 2013)
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Fig. 1- Interaction of deficit irrigation fungus (A) and deficit irrigation and chitosan (B) on the stem length of basil
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Fig. 2- The effect of irrigation deficit on basil root length
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Table 3 - Interaction of fungus and chitosan on leaf dry weight of basil (g.plant?) in different irrigation periods

i, (595) el 592
B Ol L
Fungus Chitosan levels (g.I) 2Irrlgatlon |r;)terval (Day)4

L 0 0.35 0.34 0.27
- 0.2 0.55 0.47 0.31
Control 0.4 0.38 0.34 0.35
" 0 0.36 0.36 0.46
lpsiet 0.2 0.17 0.42 0.46
Trichoderma fungus 0.4 0.36 0.32 0.34

LSD (5%) 0.05

(F o) Ad G |y ) SB35 i )

g g aw (olel 99) (gyluleS Laulys y> a5 Bl i nassly
o5 1Y 3 g Bl b 5 €5 b plalS il ()

Skl Ao sl 9 ;3 (Wgr 53 0,5) Gloy ) dwlyy SWid (39 2 0395 9 7B LS R - Jgu
Table 4 - Interaction of fungus and chitosan on root dry weight of basil (g.plant?) in different irrigation periods

. (390) el 592
2,6 O3S (9] S
Fungus Chitosan levels (g.I) 2Irrlgatlon |r;terval (Day)4

G 0 0.17 0.15 0.14
- 02 0.24 0.17 0.19
Control 0.4 0.16 0.15 0.13
R 0 0.14 0.12 0.16
lpgiels 0.2 0.08 0.16 0.20
Trichoderma fungus 04 0.14 0.13 0.17

LSD (5%) 0.05

Ois olisnS L (Solanum  lycopersicum L.) 5,84545
Ab el sals GlS b awlie 1) ddle i 5 Suis
2 s Pl Sis i e A 5 i ksl
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S23gshoge oSy 9 48y 2 OlighS S 28 (al., 2010
awslis 5k (Calendula officinalis L.) jlgdisen o9, olS
Ay 5 Saidsdrge S S i Jl Sl 2 site Jole (lsis
Cusl 0391 3o (2l laplsl Sis g 5 (g s i)

(Hussaini et al., 2013)
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Fig. 3- Interaction of fungus and chitosan on the dry weight of basil stems
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Fig. 4- The effect of irrigation deficit (A) and chitosan (B) on the chlorophyll z of basil leaves
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Table 5- Analysis of variance (mean of squares) of the effect of irrigation deficit, 7richoderma fungus, and chitosan on
SPAD number and photosynthetic pigments of the basil plant

©lape nSbe
Mean of squares

O e o &3l a2y

sov df RV FRPS Ch‘fﬁs”f | Mg g,
orophy .
SPAD a b ath a/b Carotenoid
Sok 2 25.63 0.63 0.08 1.19 0.54 0.12
Block
(B) cleles 2 52.58" 4.38" 0.42 9.27"  0.004 0.69™
Irrigation deficit
kel sl 4 36.29 0.62 0.09 0.74 0.22 0.09
Main error
(F) ek 1 19.68 5.04 0.22 5.25 0.14 0.000008
Fungi
(©) s 2 41.49 1126 032 1627 078" 0.22
Chitosan
DxF 2 57.72" 4.29 0.19 6.59" 0.07 0.02
FxC 2 52.18" 1.45 1.13™ 5.18" 0.39 0.26
DxC 4 387 2.91 0.32 3.43 0.19 0.05
DXFxC 4 11.04 1.35 0.76™ 2.14 0.28 0.15
oialejl sl 12 15.23 12 0.14 1.33 0.21 0.07
Error
Sl e 17.78 12.61 14.06 10.02 14.49 14.36
C.V (%)
Ao pd S5 g gy paw 50 )b pixe i FR "
*, " are significant at 5 and 1%, respectively.
Ly ol ol @ ubg S 5 olsiS ooles 31 Jloges (il —F SL2) w5l 193 0 @ ibo)lS 5 s lleS ool 1 a3
e 4 Cons 1o > VO dgas A by IS (glaie l5nS 0,8 ool y9d S I 3 wecsl ialSa Lbg S clgixe 5q,
(o =Y JSS) 0d oS sals (395 9> silel ys3) opll Sy bl Uy e ) 59y Sl
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Table 6- Interaction of fungus and chitosan on Chlorophyll b (ug.ml?) in different irrigation periods

. e Sokl y90
zb oligs i

Fungus Chitosan levels (g.I) I2rr|gat|0n |r:13terval (Da);z
L 0 3.61 2.52 3.54
- 0.2 2.17 2.26 2.41
Control 0.4 2.91 2.32 2.6
e 0 2.74 2.87 2.48
Lpsiygl 0.2 3.65 3.13 2.25
Trichoderma fungus 0.4 2.48 2.25 3.37

LSD (5%) 0.73
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Fig. 5- Interaction of deficit irrigation fungus (A) and fungus and chitosan (B) on the total chlorophyll content of basil leaves
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Table 7- Analysis of variance (mean of squares) for the effect of irrigation deficit, Trichoderma fungus, and chitosan on dry matter yield,
percentage, and yield of basil plant essential oil

Olayo (uile
CHJOVES 27 oS R Mean of squares
S.0.v df Sis 03l 2,5hos bl ao owilwl 3 Slos
Dry matter yield Essential oil percentage Essential oil yield
ok 2 13765.6 0.001 28.10"
Block
DO) sibles 2 185763.1" 0.008" 245.29™
Irrigation deficit
kol sl 4 46483 0.006" 49.19"
Main error
(F) E).lﬁ 1 4423.5 0.043" 8.75
Fungi
(C) cliges 2 20739.5 0.103™ 215.60%*
Chitosan
DxF 2 31326.7* 0.008" 36.62"
FxC 2 7091.1 0.007" 30.00*
DxC 4 20414.7% 0.116™ 191.70™
DxFxC 4 58447.2%* 0.042™ 73.92™
ool st 12 6164.3 0.001 6.89
Error
Sl 17.78 8.95 2115
CV (%)

S

Ao pd S5 g g gaw 50 ) pixe iy *
*, . are significant at 5 and 1%, respectively.
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Table 8- Interaction of fungus and chitosan on dry matter yield of basil (g.m™) in different irrigation periods

5 (395) ol 592
z,b BT TSI
Fungus Chitosan levels (g.I™) 2 Irrigation |r;terval (Bay) 2
s 0 696.40 192.80 313.87
0.2 655.20 445.20 262.80
Control 0.4 750.20 401.07 436.80
5 0 428.00 476.40 294.40
o 0.2 484.40 297.60 629.87
Trichoderma fungus 0.4 765.60 396.80 199.60
LSD (5%) 169.97
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Table 9- Interaction of fungus and chitosan on the percentage of basil essential oil in different irrigation periods

5 (595) ol 592
&b Oliges OO
Fungus Chitosan levels (g.I"") 2Irr|gat|on |r;terval (Day)4
Ll 0 0.56 0.32 0.48
0.2 0.41 0.26 0.24
Control 0.4 0.38 0.82 0.30
B 0 0.88 0.33 0.34
B 0.2 0.22 0.29 0.48
Trichoderma fungus 0.4 0.43 0.85 0.62
LSD (5%) 0.12
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Table 10 - Interaction of fungus and chitosan on the yield of basil essential oil (kg.ha) in different irrigation periods

5 (595) 5l 59
el Oligs e
Fungus Chitosan levels (g.I"%) > Irrigation |r;terval (Bay) 7
Ll 0 27.46 2.25 7.90
0.2 13.05 8.34 4,54
Control 0.4 32.16 18.62 8.97
5 0 42.87 7.18 5.44
@ 0.2 7.11 6.57 13.06
Trichoderma fungus 0.4 8.63 14.34 20.00
LSD (5%) 10.23
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Introduction

Secondary or double cropping increases production per unit area and optimizes use of other production
resources. Faba bean responds to and changes its environment by altering on-site soil fertility, microclimate, and
wild flora and fauna co-habitats. Besides its worldwide use for food and feed, extensive knowledge exists about its
ability to symbiotically fix and add nitrogen to the soil, making additional soil nitrogen available and enhancing and
sustaining soil productivity. The optimum planting date optimizes the use of climatic factors such as temperature,
humidity, and day length, as well as matching flowering time with appropriate temperature. Planting date should be
set so that overheating does not harm the plant, especially during the flowering period. A change in planting date
may also overshadow the plant's yield by affecting the adaptation of plant growth to environmental conditions and
vegetative and reproductive growth (Oplinger et al., 2000). Therefore, knowing the thermal indicators such as the
heat accumulation unit, which in most sources is referred to as the degree of maturity days.All its other
mathematical derivations are the same as the hlio-thermal unit (HTU), growing degree days (GDD), pheno-thermal
index (PTI), crop heat unit (CHU), heat use efficiency (HUE), relative temperature disparity (RTD), It can provide
basic principles for determining the phenological stages and the optimum planting date (Sreenivas et al., 2010).

Materials and Methods

In order to investigate the effect of off-season sowing date (summer) on the accumulation of thermal units, yield
and yield components in faba bean var. Luzde otono, an experiment was carried out as a split plot based on
randomized complete blocks design with three replications during 2017-2018 for two years at Agricultural Research
Station Gharakhil (gaem shahr). Experimental treatments were sowing dates in four levels of June 10, 30 ,July 20,
and August 10, main plot, and row spacing in three levels of 45, 60, and 75 cm as subplots. During vegetative and
reproductive phases, weeds were controlled, and data were recorded on days to flowering, days to maturity, plant
height, harvest index, number of pods per plant, number of seeds per pod, 100-seed weight, and Green pod yield.
Also, in maturity, marginal, yield, and yield components were calculated after removing the effect. Data were
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analyzed using the SAS. Ver. 9.1 and figures were drawn by EXCEL and means compared by using DMRT at the
5% probability level.

Results and Discussion

The analysis of variance showed that the effect of year and planting date and their interactions on number of
pods per plant, pod length, plant height, and green pod yield were significant (P<0.01). The unit of heliothermal was
greater in 2018 (from 0.47 to 0.88) compared to 2017 (from 0.45 to 0.86); this was due to the increase in average air
temperature and the number of sunshine hours. The highest heat use efficiency (HUE) was obtained related to the
third sowing date (July 20) in 2018. Also, among the studied indicators are the heat use efficiency (HUE), the
efficiency of consumption of sunny hours (RUE), and the estimated thermal requirement of faba bean var. Luzde
otono in different sowing dates and at different stages of development, and in this direction, due to having a constant
and logical trend, they have a relative superiority over other indicators such as GDD and PTI.

Conclusion

The results of mean comparisons showed that the highest green pods yield Gained var. Luzde otono in the third
sowing date (July 20) with 10422 (kg ha') and row spacing 60 cm with 10723 (kg ha'). Based on the results of this
research, To escape from heat and thermal stress during the reproductive stage of Faba bean in mid-summer and
poding did not coincide with a drop in temperature at the beginning of autumn to achieve the highest yield Faba
bean var. Luzde otono should be planted in August.

Keywords: Green pod, Heat use efficiency, Luzde otono, Second cropping, var.
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Fig. 1- Mean temperature, during the growth season summer Vicia faba L. in years 2017-2018
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Fig. 2- The amount of monthly rainfall during the growth season summer Vicia faba L. in years 2017-2018

=Gl 49 WL (HUE) &yl o S jimne (il jls &l yaais Sy s Ve e S Fuyls a cu s (/M) Jloyisda Bas
Wliwli ouls Qi sla OSle (39 ydi Egmdge (pl Sl o5 cutly 381 (+/¥VY)

J=lpe olos (gl (HUE) &)ly > Gy ano LS (¥ Jods) 290 00 3L slo o Sl clebus slaws g lga <)l > a
2 (1 Jsl) po— 5 (5 V1) pgd S slag )l > Sojolgid Vo) prlag oS (slage,b 5 Jlejgle Bras ) o5 Jb
Dy yide ;500 beusS Fu )l 4 Cus VYAV TS gl Jle il ialS A, WAY 5 WAS iolesl JLw g3 )3 (sl e

3las Lg, 35 (Amgain et al., 2011) ) LSen g LKl
(Zea @) S y3elsd Jnlpe 1y Jloyisala Cbymo o,
Sy S 5yl 5 JLs ,amays L.)



VPoY 3l ¥ oyloid IO x5 5yslinS’ owlicls pgs 4 pits  OYY

Sun shine horse (dsh)

Jun. July.

Aug, Sep.
Month

E YWY mYA

IFAY 9 VAT sl 45 ailiwl Codls Loyl pud 13 MBL  UET Colelus Slaad €l gt —F JSUS
Fig. 3- Fluctuations in the number of sunshine hours in Vicia faba L., in summer planting conditions during 2017 and 2018
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Table 3- Heat use efficiency, helio-thermal unit, photo-thermal index, sun shine hours use efficiency and green pod yield in
Vicia faba L., in summer planting conditions during 2017 and 2018
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Table 4. Comparisons heat use efficiency, helio-thermal unit, photo -thermal index, sun shine hours use efficiency and green

pod yield in Vicia faba L., in summer planting conditions during 2017 and 2018
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Table 5- Analysis of variance of yield and yield components of experimental treatment in Vicia faba L. var. Luzde otono in
summer planting conditions during 2017 and 2018
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Table 6- Mean comparisons of experimental treatment on evaluated traits of Vicia faba L. in summer planting conditions
during 2017 and 2018
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Introduction

By 2050, the world's population is estimated to increase by 30 to 35 percent, so about 60 percent growth in
agricultural production must be achieved for proper nutrition. Food security refers to a situation in which people at
all times, physically, socially, and economically, have access to adequate, safe, and nutritious food that meets their
nutritional needs and preferences for an active and healthy life. One of the most important challenges of the 21st
century to improve food security is the preservation of agricultural biodiversity. Biodiversity is a key factor in
ensuring that adequate food is available at any given scale and is often assessed in terms of genetic composition and
local stability. Conventional single-crop farming systems depend on a small number of high-yield crops, and their
expansion, in addition to environmental problems, led to significant reductions in plant biodiversity. There are
different approaches to addressing food security and biodiversity protection concerns. This study aimed to
investigate food security and effective factors in protecting agricultural biodiversity to ensure sustainable food
security.

Materials and Methods

This research has been performed in Anzali port. The present study is applied in terms of purpose and
descriptive-analytical method. This study was conducted in two stages: 1. Food security status: information required
for research through library and documentary studies (detailed results of the country's census and village identity)
and part of it through field studies (observation, interview, and questionnaire). In this regard, a questionnaire related
to food security indicators such as food adequacy, health, nutrition, and availability to have an active and healthy
life was used in the first stage. Randomly selected ,a total of 90 households in the city were interviewed. 2. Study of
the role of agriculture. Biodiversity Conservation Indicators in Ensuring Sustainable Food Security: 100 farm
managers were surveyed in 10 villages, and the questions were divided into five groups: economic, social,
educational, infrastructure, and organizational. Finally, SPSS software and Pearson correlation were used to plot the
chart and statistical analysis.

Results and Discussion
The city has food adequacy, access to food, and healthy activity, which is about 8 hours a day, but it is poor in
terms of healthy living away from disease, nutrition, and having a healthy food free of chemical inputs. Improving
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food security is especially important for developing countries where social, political, cultural, and economic
developments can improve food security. The government should adopt policies such as global cash food subsidies
to improve food security, direct support for low-income households, and allocate subsidies based on the
geographical location of these households. Our results show that even in a city, the relationship between
socioeconomic factors and caloric intake can vary from region to region. Thus, if governments choose specific
policies (for example, education policies), they should target provinces where food security is negatively correlated
with calorie intake. Simple income-raising policies are not always effective in improving calorie intake in rural
areas. Relevant and private government institutions should focus on other socio-economic factors and prioritize
them in improving calorie intake in the family and improving health outcomes. In all villages except the exempt
village, infrastructure factors have the greatest impact on maintaining biodiversity, and economic factors have the
greatest impact in the exempt village. The highest standard deviation is seen in the infrastructure factors related to
Torbegodeh, Talebabad, ShilehSar, Khomeyran, Ashpala, Abkenar, and Kapurchal villages. The most standard
deviation in other villages is related to economic factors. In Torbegodeh and Rudpasht villages, the importance of
educational factors; Talebabad, Shileh Sar, and Kapurchal villages, the importance of social factors; Khomeyran,
Maaf, and Ashpala villages, the importance of infrastructure factors; and Abkenar village, environmental factors are
more.

Conclusion
In general, in this region, rice fields with high inputs of resources and low crop diversity and environmental
impacts can lead to environmental feedback in different areas, for example, reducing biodiversity and soil fertility,
which is more dependent on the base. Fossil fuel inputs for robust production stability. To this end, focusing on
ofproducing agricultural products for domestic consumption to increase food security by supporting rural
livelihoods and producing environmentally sustainable food should be a priority.

Keywords: Agrobiodiversity, Chemical Inputs, Ecology, Food Health, Rice mono-crop
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Table 2- Examining the frequency of food safety indicators

Indicators Ranking Abundance Percentage
oS G
Very low
Lpf 43 4.8
o 66 7.3
e bogie 31 34
Nutritional adequacy Medium 302 33.6
sb; 458 50.9
High
Sbj ks
Very much
oS Gk
Very low
Lps 309 34.3
ow
lié oM e 533 59.2
= ‘ 10 1.1
Food health Medium 27 3
oL; 21 2.3
Much
Sbj ks

Very much
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oS ks
Very low
wa 232 25.8
. ) 410 45.6
0P ke bawgie 130 14.4
Nutritious Medium 96 10.7
oL 32 3.6
High
2L (ke
Very high
oS ks
Very low
wa 30 3.3
s s 49 54
atan 2 186 20.7
Access Medium 370 411
oL 265 29.4
High
2L ks
Very high
oS kS
Very low
wa 275 30.6
c 205 22.8
Wl S5 Lo gie 87 9.7
Healthy life Medium 215 23.9
aL; 118 131
High
obj s
Very high
oS okt
Very low
wa 49 54
o A 71 7.9
el clld bogie 137 15.2
Proper activity Medium 374 41.6
aL; 269 29.9
High
3L s
Very high
(R0 (a5 g (alie (Gall) o o
Very low (food insecurity and severe hunger)
(15 SS9 2l (gall) o5
Low (food insecurity and low hunger) 938 18.66
oo . = S . 1334 26.5
i ol (bwgio (Kiw)S g (213 (Soll) bawgio 581 1156
Food security Moderate (food insecurity and moderate hunger) 1010 20.09
(cue) oL 1163 23.13
High (positive)
(cute) b5 )
Very High (positive)
&y 5026

Total
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Table 3- Analysis of descriptive variables and their impact on the conservation of agricultural biodiversity

un:-lw }.:JUT ..
L:JWS) PU _ - w‘ o R i o s LM) . v ‘LO 'LM) . )f.*“’
The name Skl st Ly | SPLaBlmEe (objgel piie Bl eite (Jlojl seiie by
of the Analysis of S Economical ~ Economical  Infrastructure  Organizational N i
! statistical Social variables variables variables variables Environmenta
village indicators  variables | variables
05l 12.00 14.30 6.20 17.20 13.90 3.50
Average
o35y o iyl
o 'fd Standard 1538 1.767 1.033 2.150 0.568 0.972
orbegode deviation
o 8.8 8.6 11.1 8.9 10.2 8.4
Percentage
Oe 1550 16.30 6.20 17550 14.40 4.40
Average
. Hhzo Bl il
T’:*'b*“;:d Standard 2.273 2.710 0.632 3.440 1.075 1.265
alebaba deviation
op 11.4 9.8 11.1 9.1 10.5 105
Percentage
oS 12.30 17.10 6.30 18.30 13.20 4,60
Average
Cadod S 1,3l
- ”ht Standard 0.949 2.424 1.059 2.406 1317 1.075
udpos deviation
e 9.0 102 112 9.5 9.7 11.0
Percentage
Ol 16.40 17.10 5.80 17.30 13.80 4.20
Average
s o iyl
PN
o Standard 2.011 2.234 0.789 3.466 1.033 1.398
tiesar deviation
o 12.0 10.2 10.4 9.0 10.1 10.0
Percentage
0l 12.40 15.20 5.60 20.90 14.60 3.90
Average
NI Sz Bl
Kh“”"" Standard 1.430 2.300 1.647 3.247 0.966 0.568
omeyran deviation
o 9.1 9.1 10.0 10.8 10.7 9.3
Percentage
0l 12.70 17.70 5.60 21.30 14.10 3.90
Average
ot Standard 2.312 2.869 1.838 4.322 0.568 0.876
aa deviation
o 9.3 10.6 10.0 11.1 10.3 9.3
Percentage
Al oSl 12.60 17.20 5.30 21.30 12.70 4.10

Ashpala Average
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Standard 1.578 1.989 0.675 3.466 1.494 0.876
deviation
Loy
Percentage

9.2 10.3 9.5 11.1 9.3 9.8

0ele 13.90 18.90 470 21.60 13.20 4.80
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—aljuln
o GBIyl
‘?K; Standard 2.644 3241 292 o - .
Aliabad- deviation

karkan
Lo)d
Percentage
Ok 13.00 18.10 5.10 19.10 13.80 5.00
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Slme Byl
Standard 1.414 1.370 1.524 2.331 1.476 1.054
deviation
Loy
Percentage
ol 15.70 15.10 5.20 18.20 12.80 3.40
Average
Jlo S Slixe Sl 2l
v % Standard 2.111 1.912 1.398 4.290 1.317 0.516
Kapurchal deviati
eviation
Loy
Percentage

10.2 113 8.4 11.2 9.7 115

sl
Abkenar

9.5 10.8 9.1 9.9 10.1 12.0

11.5 9.0 9.3 9.4 9.4 8.1

Ol 13.65 16.70 5.60 19.27 13.65 4.18
Average

e il
oo Standard 2.380 2.630 1.295 3.5650 1.417 1.048
Total ..
deviation
Loy
Percentage

100 100 100 100 100 100

S3oWS (S j £ 5l CBlis 5> Lalideo (g puiie Cuodl (w2 —€ Jga
Table 4- Investigating the importance of different variables in the protection of agricultural biodiversity

) Lo clas chw ¢ S 15 S0
I . S . w8 2o Sy
o ke tog)! 100 e 2 (Fhurod iy The standard +fe0
Variables T-test Correlation coefficient at 0.05 level L
error Significance (0.05)
slein
. 0.198 0.033 0.1682 0.844
Social
g3l 1.093 0.180 0.1644 0.277
Economical
i 2.649 -0.798 0.3014 0.009
Educational
Bl -2.043 0.235 0.1148 0.044
Infrastructure
< ,L°5L“, -1.467 -0.399 0.2721 0.146
Organizational
ok 2 — 0.861 0.349 0.4047 0.391
Environmental
gy 0.976 5.664 5.8049 0.332

Total
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Introduction

Today, agricultural systems are considered the center and main axis of all activities related to the
development of sustainable agriculture in Iran. Obviously, the more efforts to expand the sustainability of the
exploitation systems of the regions, the better the situation will be in terms of reducing energy loss and
production costs, increasing performance and conserving resources, and preventing waste. From an ecological
point of view, the per capita consumption of energy and materials used in agriculture has increased faster than
population growth, so the continuation of this process endangers the health, sustainability, and well-being of
society and causes the destruction of ecological resources. For this reason, any exploitation of nature should be
done after evaluating the resources and within the capabilities and capacities of the environment. Recognizing
the problems and bottlenecks of the specialized tobacco (Nicotiana tabacum) cultivation system in Golestan
province and formulating appropriate solutions to solve the environmental problems of tobacco cultivation, is of
great importance in the sustainable development of this product. Ecological footprint is a valid indicator for
assessing the sustainability of agricultural products. This index makes it possible to calculate the amount of
pressure that humans exert on the environment to produce crops. Therefore, this study aims to study the
environmental impacts of tobacco cultivation due to the importance of environment and sustainable agriculture.

Materials and Methods

In this study, the environmental sustainability of two types of greenhouse tobacco (Virginia) and dry shade
(Barley) was evaluated. The statistical population of this research is tobacco growers, Flue-Cured tobacco, and
Air-Cured tobacco in Golestan province. The statistical sample size was estimated to be about 160 people using
Cochran's formula. The data collection tool was a questionnaire that was randomly distributed and completed
among 100 Flue-Cured tobacco farmers and 60 Air-Cured tobacco farmers in 2019. To assess the environmental
effects, the ecological footprint index was used. For this purpose, the ecological footprint was calculated based
on the type of field operations in two parts: direct and indirect footprint.

Results and Discussion

The results of the study indicated that the total energy consumption for the production of Air-Cured tobacco
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was 97327 MJ/ha. Electricity, with 44.72%, had the largest share in energy consumption, followed by nitrogen
with 16.69% and diesel with 16.61%. The total energy consumed to produce one hectare of Flue-Cured tobacco
was 73,184 MJ; electricity has the largest share, followed by diesel. Indirect ecological footprints were
calculated for Flue-Cured tobacco and Air-Cured tobacco at 1.16 and 1.54 gha, respectively. In Air-cured
tobacco, Electricity with 38.19%, nitrogen fertilizer at 18.67%, and diesel with 18.58% have the greatest impact
on ecological footprint. The results show the total ecological footprint (direct and indirect) of Air-Cured tobacco
(4.05) and Flue-Cured tobacco (3.67) equivalent to the global hectare (gha). The results of ecological footprint
studies in both types of tobacco indicate that the highest environmental impact from crop production is related to
electricity input. In the Flue-Cured production process, the electricity consumption is related to the water pump
(electric wells) and the greenhouse (fan for ventilation), but in the Air-Cured tobacco, it is only related to the
water pump consumption.
Conclusion

Sustainability indicators are a tool that can be used to raise the awareness of tobacco growers about the
environmental effects of their actions. According to the results of this study, the use of electricity, water,
fertilizer, and diesel inputs has the greatest impact on ecological instability, so proper management of the use of
these inputs is a necessity, such as the use of appropriate technologies, fertilizer use according to plant needs.
Reducing the intensity of tillage by using appropriate machinery and paying attention to climatic conditions, as
well as increasing the awareness of tobacco growers with the help of educational-promotional activities, can be
effective in reducing the consumption of inputs and optimal use.

Keywords: Environmental Impacts, Tobacco, Ecological Capacity, Sustainable Agriculture, Energy
Evaluation
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1- Ecological footprint
2- Global hectare approach
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1- Life Cycle Assessment
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Fig. 2-Tobacco production process in agricultural environment
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Table 1- Equivalence factor for different land uses
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Type of land use Equivalence factor (Gha.ha?)
5 s 251
Croplands
&l 0.46
Rangelands
S 1.26
Forests
_ ENP AT 0.37
Fishery ground
el Cue 251
Built up lands

(Gonzélez-Vallejo et al., 2015)
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Table 2- Emission factor(E) and Energy Productivity(EP)
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Table 3- Energy equivalent of inputs and outputs

9 Ws39)9
MJ) g5 Jolo .
539, gyt sl (M) 5351 J &he
; Energy equivalent
Inputs Inputs and Unit (MJ) References
Outputs
Sl g5
Human labor Hour 1.96 . . .
S0 (Khanali et al., 2021; Nabavi-Pelesaraei et al., 2021;
Zangeneh et al., 2010
Man Hour 157 g )
o)
Woman
> kg 25 (Baran & Gokdogan, 2015)
Seed
Vel Hour 62.7 (Cebi et al., 2019)
Machinary
059y 268 kg 66.14 (Khanali et al., 2021; Yuan et al., 2018; Nabavi-Pelesaraei
N-fertilizer et al., 2021)
JERN K 12 44 (Khanali et al., 2021; Zangeneh et al., 2010;
P-fertilizer g ' Nabavi-Pelesaraei et al., 2021)
‘“”b"_)_’f kg 11.15 (Khanali et al., 2021; Nabavi-Pelesaraei et al., 2021)
K-fertilizer
éf’j’jlsl Liter 56.31 (Yuan et al., 2018; Nabavi-Pelesaraei et al., 2021)
iese
L'j)-g _ kwh 11.93 (Khanali et al., 2021; Nabavi-Pelesaraei et al., 2021; Yuan
Electricity etal., 2018)
ol Cubic . . .
1.02 (Nabavi-Pelesaraei et al., 2017; Yuan et al., 2018)
Water meters
“‘sul; kg 238 (Zangeneh et al., 2010; Yuan et al., 2018)
Herbicide
““ﬁ’“} kg 101.2 (Naderi et al., 2019; Yuan et al., 2018)
Insecticide
oS, kg 216 (Zangeneh et al., 2010; Naderi et al., 2019; Yuan et al.,
Fungicides 2018)
Sk kg 90 (Heidari & Omid, 2011; Shamsabadi et al., 2017)
Plastic
RS e S o5 (Ozkan et al., 2004; Loghmanpour-zarini & Abedi-
(5,5Los) Flue-cured kg 0.8 firouzjaee, 2013)
tobacco '
Output Sidals gy kg 08 (Ozkan et al., 2004; Loghmanpour-zarini & Abedi-
(Yield) Air-cured tobacco ' Firouzjaee, 2013)
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Table 4- Inputs consumption and Energy equivalent in air-cured tobacco cultivation

oy sy obe 37 o yd 4,
51 ) (MJ) g
Unit Value Percent Rank
Energy(MJ)
» kg 0.15 3.75 0.0038 14
Seed
, Cacla
> hour 722.96 1417 1.45 10
Man
5 Giele 1126.88 1769.2 1.81 9
Woman hour
YT s e la
Vlowile = 38.28 2399.52 2.46 6
Machinary hour
09 395 kg 2457 16250.59 16.69 2
N-fertilizer
b 255 kg 157 1953.08 2,01 7
P-fertilizer
o 355 kg 217 241959 248 5
K-fertilizer
Herbicide kg 3.06 728.28 0.74 11
HSel kg 3.35 7236 0.74 12
Fungicides
S opis kg 3.64 368.36 0.37 13
Secticide
Jf'jjjls | 287.1 16166.4 16.61 3
Diesel
‘”’ . kwh 3648.82 43530.42 44.72 1
Electricity
ol
: 3
Water m 7496.66 7646.6 7.85 4
Sz kg 21.68 1951.2 2.00 8
Plastic
& 97327.75 100
Total

1- Energy(Megajoule)
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Table S- Inputs consumption and Energy equivalent in flue-cured tobacco cultivation

5 3 .
s g SF ey
Unit  Value Energy(MJ) Percent Rank
” kg 0.15 3.75 0005 14
Seed
S bl 50 hour 66336  1241.38 1.69 10
Human labor-man
05~ o hour 1071.28 1681.9 2.29 8
Human labor-woman
eVlopile hour 356 2232.12 3.04 6
Machinary
Gigfs 255 kg 93 6151.02 8.40 4
N-fertilizer
s 295 kg 137 1704.28 232 7
P-fertilizer
o 25 kg 202 2252.3 3.07 5
K-fertilizer
Fungicides g 4.11 887.76 1.21 11
oSy kg 282 285.38 038 13
Secticide
S ile kg 2.9 690.2 0.942 12
Herbicide
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Table 6- Indirect ecological footprintand energy consumption in cultivating one hectare of air-cured tobacco

o3l 32 ESSEEILTS oy
Input Energy (Mj) EF (gha) Percent
Y
3.75 0.00 0.00
Seed
N 9 3186.2 0.06 3.66
Human labor
QYTML‘,
. 2399.52 0.04 2.76
Machinary
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Electricity
ol
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Water
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Total
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Table 7- Indirect ecological footprint and energy consumption in cultivating hectare of flue-cured

o3l 55 L, o3
Input Energy (Mj) EF (gha) Percent
e
v . .
Seed 3.75 0.00 0.00
S sox 2329.28 0.05 4.47
Human labor
=Ylosdle 2232.12 0.04 3.42
Machinary
o 365
N-fertilizer 6151.02 0.11 9.42
s 255 1704.28 0.03 2.61
P-fertilizer
ool 358
K-fertilizer 2252.30 0.04 3.45
Chemical pesticides 1863.34 003 285
S 15044.77 0.27 23.03
Diesel
“B’f . 33201.19 0.45 38.80
Electricity
ol
j 4.02 A1 g
Water 6354.0 0 9.73
Sl 1454.40 0.03 2.23
Plastic
e 73184.47 1.16 100
Total
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Introduction

Rainfall is a predominant climatic element that affects the density and location of agricultural systems and
the choice of farming operations. The distribution, intensity, duration, and type of rainfall are very important at
different stages, such as cultivation, emergence, tillering, stem formation, and flowering. Kurdistan province has
regular rainfall with an average rainfall of more than 500 mm annually. Therefore, Kurdistan province is one of
Iran's most prone rain-fed areas. This province, with an area under cultivation of 120,000 hectares, is one of the
most important areas of chickpea growing in the country. However, rainfall distribution is not the same in all
regions of this province, so it is necessary to study the potential risk of chickpea production in Kurdistan
province.

Materials and Methods

Long-term climatic data were collected from 15 stations for 20 years from 1991 to 2011. The spatial and
temporal analysis results determined the suitable region's climatic-agronomic indices and the amount of dryland
chickpea production. Kurdistan province was divided into three climatic regions; High-risk or unsuitable
climatic-agro-area (0.23% of the total area), medium-risk area or with relative proportion for production (59.71%
of the total area), low-risk or suitable climatic-agro-area (37.96%) From the whole area).

Results and Discussion

The spatial and temporal analysis results determined the suitable region's climatic-agronomic indices and the
amount of dryland chickpea production. Kurdistan province was divided into three climatic regions; High-risk or
unsuitable climatic-agro-area (0.23% of the total area), medium-risk area or with relative proportion for
production (59.71% of the total area), low-risk or suitable climate-agro-area (37.96%) From the whole area). The
results of the study on the relationship between rainfall of vegetative stage and the potential of cultivation of
dryland chickpeas in the region show except for a small part of Qorveh, Bijar, and Sarvabad cities which are in a
weak degree. The whole region is in a very good degree in supplying the required moisture, which is also due to
the necessary rainfall at this time and the humidity of the storage capacity stored from the winter rains. The
occurrence of suitable precipitations for the vegetative period in the whole region had the highest value
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compared to other developmental stages. The results of the study on the relationship between reproductive stage
rainfall and cultivation potential of rainfed chickpeas in the region showed that Zarrineh station in the north of
the region is weak due to unfavorable weather conditions at the beginning of the growing season and the
developmental stages of the growing season in this region are delayed. At Zarrineh station, the critical
reproductive stage occurs at a time of year when the probability of precipitation in Kurdistan has decreased, and
a part of the southeast of Qorveh city is one of the weak and critical areas. The rest of the province, in terms of
moisture supply for this stage of dryland chickpea development, is in a suitable degree due to the necessary
rainfall in this period of development.

Conclusion

The study results show the relationship between rainfall of the vegetative stage and the cultivation potential
of dryland chickpeas in the region, except for a small part of Qorveh, Bijar, and Sarvabad counties, which are in
a weak degree. The whole region is in a very good degree in supplying the required moisture, which is also due
to the necessary rainfall at this time and the humidity of the storage capacity stored from the winter rains.
Occurrence of suitable precipitations for the vegetative period in the whole region had the highest value
compared to other developmental stages.

Keywords: Biological day, GIS, Growth period, Rainfall parameters
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Table 3- Probability of rainfall of 15 mm and more during the planting period until emergence
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Fig. 2- Geographical distribution map of the probability of rainfall of 15 mm and more in the planting to emergence
Chickpea plant
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Table 4- Probability of rainfall of 100 mm and more during the growing season
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Fig. 3- Geographical distribution map of the probability of rainfall of 100 mm and more in the vegetative period Chickpea
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Table 5- The probability of rainfall of 45 mm and more in the reproductive period
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Fig. 4- Geographical distribution map of the probability of rainfall of 45 mm and more in the reproductive period Chickpea
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Table 6- Probability of rainfall of 10 mm and more in the period from seed to maturity Chickpea plant
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Fig. 5- Geographical distribution map of the probability of precipitation of 10 mm and more during the ripening
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Table 7- Grading of chickpea growing areas in Kurdistan province with area
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Fig. 7- Climatic map of dryland chickpea cultivation potential in Kurdistan province
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