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Background and objective: The health of the food products in
different systems is important in terms of the presence of residues of
toxins and chemicals and their effect on human health and the
environment. Excessive use of chemical fertilizers is one of the main
problems of today's agriculture. Organic cultivation of edible and
agricultural plants has positive effects on human health (1). The
amount of soil organic matter is considered as one of the important
indicators of soil quality and strongly affects the physical, chemical and
biological properties of soil (2). One of the main goals of sustainable
agriculture is the use of organic fertilizers in agricultural ecosystems
with the aim of reducing the use of chemical fertilizers. Using organic
fertilizers instead of chemical fertilizers is effective in ensuring human
health and protecting the environment. As a natural substitute for
chemical fertilizers, organic fertilizers have a positive and undeniable
role in sustainable soil management and ultimately the sustainability of
agricultural systems (3). The use of renewable natural fertilizers with
biological origin is very important in maintaining the structure,
biological activity, water exchange and storage capacity and finally
improving the physical and chemical structure of the soil. Today, the
most important principle for achieving soil fertility and proper plant
nutrition in organic agriculture is the use of organic and biological
inputs instead of chemical fertilizers (4).

Material and methods: In order to investigate the effect of organic
fertilizers on yield traits of Satureja spicigera in Kermanshah rainfed
conditions, a factorial completely randomized design with three
replications conducted in Agricultural and Natural Resources Research
and Education Center of Kermanshah, in 2017-2019. The main factor
was three fertilizer treatments including rotten cow manure, enriched
straw and field soil (control) and in rows with a distance of 50x50 cm
and the sub factor was two harvesting (two crop years). In two
agricultural years, morphologic and yield traits including plant height,
crown area, plant fresh weight and dry weight of the plant were
measured then the fresh yield and dry yield were calculated. Data were
statistically evaluated by SPSS (ver. 26) and Minitab (ver. 16)
Software’s.
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Results: The highest plant fresh weight (67.71 g), plant dry weight
(33.72 g), fresh yield (2708.49 Kg ha!), dry yield (1348.88 Kg ha™!),
and oil yield (47.03 Kg ha') were obtained in rotten cow manurex
second year harvesting. The highest percentage of essential oil (3.70%)
was obtained in the treatment of cow manurex first year harvesting.
The highest percentage of essential oil (3.70%) was obtained in the
treatment of rotten cow manure in the first year of the project.

Conclusions: Creeping savory can be cultivated at rainfed cultivation
(more than 1100 mm precipitation) and dry farming conditions (more
than 450 mm precipitation) in temperate and cold mountainous areas.
In the dry farming of creeping savory, the use of 30 t ha™! rotten cow
manure or 10 t ha’! straw enriched with 120 Kg ammonium sulfate
(120 Kg ha™!) increases the yield and yield components per unit area.

Cite this article: Yousefi, B., Safari, H., Khanhasani, M. 2023. The effect of cow manure and enriched
straw on the essential oil, yield and yield components of creeping savory under dry farming.
Crop Production Journal, 16 (2), 169-186.
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Table 1- Results of soil and fertilizers treatments analysis
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Table 2- The metrological statistics in Kermanshah weather station during two crop years of project
implementation (2016-2018)

Slmer s e SNk e S Sl 2
) Gae Sl e anty o) Sl ) Sl ) Sl Sl =il
s dl G138 sl GIS Bl S S (IS Bl e 2)
Crop year Absolute maximum A})splute Average of Average of Averagelof
temperature ('C) t:r:g::?:i:;e maximum minimum ter:gcr:l?:ture
C) temperature ('C)  temperature ("C) C)
2016-2017 40.8 8.2 24.8 7.7 16.6
2017-2018 43.5 10.6 23.6 8.3 16.74
; < sl ke
AR e sel SaleSu o
- (i) . . s sl slass,
s e (o) s o il Average of (7o) () < (o slaws)
Crop years Average of humidity (% Annual Average of long
Py g y (%) ev:n(r)l;lailion precipitation time annual Average of
p (mm) precipitation sunlight days
(mm) (n)
2016- 2017 37 1931 394.5 470.7 292.2
2017- 2018 45 162.6 434 470.7 222

(o) wloale S5k w55
Distribution of monthly precipitation (mm)

s b 4 ou! St $2 e
Crop year October November December January February
2016- 2017 0 1 14.7 75.4 80.8
2017- 2018 0 33.8 10.2 27.2 95.1

by Ll RESTIE g sls = S
Crop year March April May June July
2016- 2017 68 1325 22.1 0 0
2017- 2018 30.1 63.4 169 5.2 0

o x JT 558 [aSan 1 slasles 53 Lz 0350 655 (63 Shas 5 K545 50 Slis il ls 420 =Y Jsd
Table 3- Analysis of variance for morphologic and yield traits in S. spicigera in O. Fs. x year interaction
treatments

(Mean squares) Sl o ks

i b s S g el ol s Gy gl Gp S b dp SaS b i o s
S.0.V sl Plant Branch Plant Large Small Crown
df survival number height diameter diameter area
Sk " .
2 188.54 0.88 s 6.66" 68.99 26.72 110617.6
Block
LSJJS )L"‘:‘7 * * sk sk sk
22042 3.88 92.98 460.32 280.9 798873.1
Fertilizer (F)
) gl
4 39.06 0.55 8.41 3.22 5.26 10566.4
Error 1
JL‘“ ok * ok ok ok
1 27.78 ™ 72.71 281.48 188.69 56.20 322766.6
Year (Y)
Jlox s - *
2 5.14" 0.77 s 27.88 ™ 11.40 s 18.92 66017.97
FxY
Y gl
6 26.78 0.74 37.252 9.041 0.82 6269.41
Error 2

(Ao 3) Dlyeds oy 2

7.50 17.41 20.52 7.84 3.45 9.46
CV (%)

Dl pme Gl G NS 5 As 2 0 ) JW!CJJ@N):)IJJ‘;;»QLK;}IV;JJQ-:EU 22

*and ** significant differences at the level of 0.05 and 0.01 respectively, and ns= non significant
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Table 3- (continue) Analysis of variance for morphologic and yield traits in S. spicigera in O. Fs. x year
interaction treatments
(Mean squares) il o 500a

L ax iy .
e ) S
. ) - s 5 3Skes S Shae pdesilt s Slas
- i~ N o Fresh D EO EO
res ry
5.0.V df Dry Fresh yield yield percent yield
weight weight
S
2 6.751 15.26 ™ 24417.6 ™ 10802.5 s 0.03 13.56 ™
Block
LSJJS )L"?; * w5k w3k * * *ok
2 101.31 305.6 488961.9 162098.7 1.18 382.6
Fertilizer (F)
) gle
4 5.87 16.15 25831.73 9391.35 0.09 9.91
Error 1
JLN ek ek ek ek ek
1348.4 5805.8 9289320.6 2157473.5 0.01m 2399.5
Year (Y)
JL"" x J)s ok * * ke sk *
2 25.11 76.44 122305.9 40180.4 0.36 29.86
FxY
Y gl
6 2.23 7.46 11939.7 3560.64 0.013 4.871
Error 2
Ol s o b
(o) Sl w2 7.27 6.55 3.03 3.58 0.01 8.01
CV (%)

Dl pme Gt Goy IS 9 Aoy 0 5 JL&.CJ&A)J)wau}}l%JSQﬁ?J 22

*and ** significant differences at the level of 0.05 and 0.01 respectively, and ns= non significant

LSD o050 b (6358 cilisa (slajles 5o | 05,0 455 (63 Shas 5 S5 a 5 0 Slio Kl aglie —8 Ju

Table 4- Comparison of means for morphologic and yield traits of S. spicigera plants in different fertilizer
treatments by LSD test

e o fla) S8 ks o sl) SHp s (e sl) 5 ¢l (Ao y3) @550 ) il
Treatment Small diameter (cm) Large diameter (cm) Plant height (cm) Plant survival (%)
4,50 S
) 18.46+2.98 ¢ 28.83+4.82 ¢ 26.6243.94 a 62.08+£9.62 b
Farm soil
s 5s
31.23+4.38 a 46.05%6.73a 34.17+£7.53 a 73.51£5.94 a

Cow manure

bv\a;'Lj& bls
28.99+0.88 b 40.23£3.85b 28.45+7.02 a 71.3144.31 a

Enriched straw
LSD 0.16 0.35 10.2 0.66

.wl,\.a);oclaw):)law;_éwlr,\;ﬁgéjmqu

The common letters indicated no significant differences (P= 0.05).
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Table 4- (continue)- Comparison of means for morphologic and yield traits of S. spicigera plants in different
fertilizer treatments by LSD test

e (ode) axliolins (pr ol iig g phe (6,9) 65 S 055 () €5 5 0553
Treatment Branch number (n) Crown (cm?) Dry weight (g) Fresh weight(g)
o S
o i 4.03£1.83 b 436.81£132.7 ¢ 16.1£7.03 ¢ 33.74+15.25 ¢
Farm soil
Y
e 5.55£2.63 a 1151.41£329.8 a 24.21%10.77 a 47.53£22.44 a
Cow manure
odd o8 oS
fu i 5.234+2.50 ab 922.34£157.5b 21.3£11.16 b 43.84+£21.99b
Enriched straw
LSD 0.14 8.19 0.23 0.28

ol 1053 0 a5l e Blla pdte Sl S e By >
The common letters indicated no significant differences (P= 0.05
LSD 0031 b (9355 cilises (glaslas 53 |zl 03,0 4555 (95 ,5as 5 S350 0 Dlio Sbe s —(aslsl) =8 J s

Table 4- (continue)- Comparison of means for morphologic and yield traits of S. spicigera plants in different fertilizer
treatments by LSD test

sles USa e p S5k Sa 5 Sas OB s p 858D 5 2 Sl (Ao53) ilal 033, GSs 0 SAS) il 5 Shos
Treatment Dry yield (kgha) Fresh Yield(kgha) EO percentage(%) EO yield (kgha)
Sl
it 643.98+281.24 ¢ 1349.66+610.12 ¢ 2.7740.35 b 18.63£9.92 ¢
Farm soil
s as
968.44+430.61 a 1901.06+£897.45 a 3.59+0.21 a 34.31+14.31 a
Cow manure
ol 28 olS
G 851.994+446.27 b 1753.62+879.71 b 3.47+0.28 a 29.1£14.45b

Enriched straw
LSD 9.2

11.01 0.02 0.30
ol 1053 0 a5l e Blla pdte Sl S e By >

The common letters indicated no significant differences (P= 0.05).
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Table 5- Means Comparison of interaction effect of different fertilizer treatments and crop year for morphologic
and yield traits of S. spicigera plants by LSD test

Ses o fla) S8 ks o l) S5 s (o L) 5, ¢l (Ao y3) €550l el
Treatment Small diameter (cm)  Large diameter (cm Plant height (cm) Plant survival (%)
| Jlu X o Sl
e e 18.58+3.90 ¢ 26.43+4.71d 25.00+4.11 ¢ 63.87+12.72 ab
F.S.x Y1
e Xas 50 S
022 J el 18.34+2.64 ¢ 31.23+4.31 cd 28.25+3.76 be 60.30£7.77 b
F.S.x Y1
[l X gs8 58
I HsslS 28 27.8942.90 b 41.2244.03 b 29.8045.68 abc 75.28+7.67 a
C.M. x Y1
L X oS 5,8
22 Jl XS 28 34.6942.77 a 50.88+5.20 a 38.54+7.23 a 71.74+4.45 ab
C.M. x Y1
| L.,.,X IR R els
o . “gd‘ 26.97+0.79 b 37.74+1.29 be 22.57+3.18 ¢ 71.48+5.07 ab
. X .
X ol &
t22 JL‘;E Jgd“‘ o 31.01+0.88 ab 42.72+4.11b 34.32+3.09 ab 71.13+4.54 ab
. X .
. /‘L.»
ok 26.25+6.58 38.37+8.87 29.75+6.83 68.97+8.31
Mean
LSD 1.30 1.96 3.17 1.92

Jo =Y we 50 S =F. S.eas s oS =E. S (8 555 =C. M. el us ;5 0 c]a.ﬂ 23 ol pme Gl pis Sl S ie Uiy
The common letters indicated no significant differences (P= 0.05). C. M. = cow manure, E. S. = enriched straw, F.
S. =farm soil, Y = year
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Table 5- (continue) Means Comparison of interaction effect of different F. treatments and crop year for morphologic
and yield traits of S. spicigera plants by LSD test

G
Slesd (528) 4L slaws “(’My”‘ C Ci: (0 5) €5 K2z 055 (5) €5 5055
Treatment Branch number (n) & e Dry weight (g) Fresh weight(g)
Crown (cm?)
| Jlu X o Sl
o e 2.43£0.15 ¢ 400.44+142.71 ¢ 9.78+1.81d 19.90+1.42 ¢
F.S.x Yl
Lo Xas, 50 Sl
22 JXasse 5.63£0.81b 473.17+140.30 ¢ 22.42+0.67 b 47.58+2.19 b
F.S.x Yl
[l X 58 58
Sl I sl 28 3.28+£0.25 ¢ 906.55+168.34 b 14.70+3.02 ¢ 27.34+536 ¢
C.M. xYI
L X g8 5,8
22 J XS 28 7.82+133 a 1396.27+252.46 a 33.7243.04 a 67.7142.71 a
C.M. x Yl
| L.,.,X IR R els
o . :”‘ 3.08+0.23 ¢ 801.84+48.86 b 11.17£1.62 cd 23.99+4.41 cd
. X .
L..u X ol o8 els
022 J . J;”‘ 7.39+1.28 a 1042.84+126.68 b 31.43+0.66 a 63.69£2.76 a
. X .
oSl
49442 31 836.85+372.09 20.54+9.86 41.70+19.87
Mean
LSD 2.92 2.15 1.89 1.79

I =Y e z0 S =FL 8. s o oS =B S 58 555 =C ML il s )3 0 o 53 s gme Gl pae SOy S nte by >

The common letters indicated no significant differences (P= 0.05). C. M. = cow manure, E. S. = enriched straw, F. S.
= farm soil, Y = year

LSD 5051 b el 0350 455 63 Shas 5 55058 50 Sl (gl cudls 5 sbadle 5 (6558 il slajlas blize I 5 Kke anslin =0 J s
Table 5- (continue) Means Comparison of interaction effect of different F. treatments and crop year for morphologic

and yield traits of S. spicigera plants by LSD test

ciisg 538 kes bl ea il bl s Shes
() K ¢
Tre;tr;lent O 2 £559) ()llfA ;;’s’i;) EO - L 2 0555
. 1 resh Yie percentage . 1
Dry yield (kgha™) (keha') %) EO yield (kgha™)
Jsl dlos Xae 50 SI=
391.17£72.57d 795.96+£56.71 d 2.47+0.01 c 9.65+1.84 ¢
F.S.xY1
(ﬁi JL..«: Xd&)_}» 6[}
896.80+£26.97b 1903.36+87.51 b 3.08+0.13 b 27.60+1.06 b
F.S.xY1
Jsl dle X558 58
588.00+£120.62 ¢ 1093.62+214.18 ¢ 3.70+£0.27 a 21.58+3.68 ¢
C.M. xY1
p33 Jlw X585 8
1348.88+121.62 a 2708.49+108.56 a 3.494+0.07 a 47.03£3.53 a
C.M. xY1
Jsl Jle X e e oS
E x§ 446.63465.15 cd 959.62+176.51 cd 3.60+£0.29 a 16.16+3.42 d
. X .
(ﬁi JL..«: X e.,\,::d‘.:& els
E xS 1257.36+26.23 a 2547.63£110.50 a 3.35+0.24 ab 42.04+2.40 a
. X .
oSl
821.47+£394.28 1668.11+794.68 3.28+0.46 27.34+13.98
Mean
LSD 1.32 0.12 0.07 1.99

I =Y e 30 S =FL 8. s o oS =B S (58 555 =C. ML il s )3 0 o 53 s me Gl pae Sy S ate by >
The common letters indicated no significant differences (P= 0.05). C. M. = cow manure, E. S. = enriched straw, F. S.

= farm soil, Y = year
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Figure 1- Biplot of Pcl and Pc2 for yield traits of S. spicigera under different fertilizer treatments in dry farming.
PLB= branch number, PLH= plant height, PLS= plant survival, PLCD= plant crown area, PLLD= plant large
diameter, PLSD= plant small diameter, PLFW= plant fresh weight, PLDW= plant dry weight, DY= dry yield, FY=
fresh yield, EOY= essential oil yield and EOP= essential oil percentage.
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Table 6. Eigen value, portion of variance and cumulative variance for the first two components

«udj» 0 «udj» 03
grese) Portion in component grese) Portion in component
variable Jsl adl 3 £33 4dl 3o variable p o 4d 3o el adl e
PCI PC2 PC3 PC4
Sleo sy 3o LS 5 0;
s e 030 -0.24 s 0.31 -0.18
Plant survival Plant fresh weight
1S ¢lis LS i s
- & 0.25 0.4 : - 0.31 0.21
Plant height Plant dry weight
Sy s s Shee
o2 A 0.31 0.02 s 0.29 -0.30
Large diameter Fresh yield
il 0.31 0.15 N 0.31 0.16
Small diameter Dry yield
e 4 bl do
S g 0.31 0.15 e 0.36 0.07
Plant crown EO percentage
L sl Ll s Slas
o 0.31 -0.17 e 0.31 0.25
Branch no EOQ yield
0%y e
e 10.16 1.83
Eigen value
Lol 5l Ao
o 0.85 0.15
Portion of variance (%)
(Ao ) 5 byl
o 0.85 1

Cumulative variance (%)
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