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Introduction
The sustainability of production in agricultural lands is directly related to soil fertility management. In this regard,
the application of livestock manure is a very important method for improving soil fertility without adversely affecting
the environment. Although the efficiency of these manures could be sustained for several growing seasons, however,
their efficiency in the first year is principally more important due to the direct relationship with the production of that
year. Therefore, the present study was conducted to evaluate the effect of the source and amount of manure on the
growth and production of thyme.

Materials and methods

The experiment was performed as a split-plot design in time and in the form of a randomized complete block with
three replications at the model cultivation site of medicinal plants of Koohrang Agriculture-Jahad in 2018 and 2019.
Experimental treatments included three levels of poultry manure (100, 143, and 250 kg N/ ha; PMaoo, PM143, PM2s0),
three levels of sheep manure (100, 143, and 250 kg N/ ha; SM1o0, SM143, SM2s0)), three levels of cattle manure (100,
143 and 250 kg N/ ha; CM 190, CM143, CM2s50) and chemical fertilizer (CF) and no fertilizer application (C) as positive
and negative controls, respectively, which in two cutting were compared. The measured traits included photosynthetic
pigments, leaf area index, aerial biomass, essential oil content, and essential oil yield. Data were analyzed by SAS
software, and means were compared by LSD test.

Results and Discussion

In both cuttings, the amount of chlorophyll a in plots that received a medium and high level of animal manure
were similar to the plot that received chemical fertilizer. Except for CMaso treatment, chlorophyll b in all manure
treatments was similar to CF treatment. In the first cutting, the leaf area index in PMaso, SM143, and SMasg treatments
had a significant advantage compared to CF treatment, but in the second cutting, manure treatments (except SM1qo)
did not show a significant difference compared to CF treatment. Thyme biomass obtained from PMgso, SM143, and
SMyso treatments had a significant advantage compared to CF treatment in the first cutting, but in the second cutting,
there was no significant difference among manures and CF treatments. In the first cut, the essential oil content of
medium and high levels of poultry manure and also high levels of sheep and cattle manure were significantly higher
than the CF treatment. However, in the second cutting, the amount of essential oil under all levels of poultry manure
and medium and high levels of sheep and cattle manure were higher than the CF treatment. In the first cutting, the
essential oil yield of medium and high levels of poultry and sheep manure and high levels of cattle manure was higher
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than that of the CF treatment, but in the second cutting, only high levels of poultry manure had a significant advantage
in comparison with CF treatment. The fertilizer application efficiency regarding biomass production was similar for
all fertilizer treatments except SMauss. The highest fertilizer use efficiency in the production of essential oil was
obtained with SM143 and PMua3, respectively.

Conclusion
Applying a medium amount of sheep manure could be more effective in the crop ecosystem due to its superior
efficiency in comparison with other levels of this fertilizer and other studied animal manure and chemical fertilizers.
However, if the essential oil yield of the thyme is the gold of the farmer, the high level of poultry manure has priority
over the balanced level of sheep manure, although the efficiency of this level of poultry manure is 35% lower than the
balanced level of sheep manure. Therefore, in addition to producing essential oils, the efficiency of fertilizers could
also be considered an important factor in achieving sustainable aspects in medicinal plant's ecosystems.
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Table 3- Analysis of variance (mean of squares) the effect of fertilizer treatments on photosynthetic pigments of thyme during
two cuttings

Sl o (1o
% o NEEESE . Mean of squares
S.O.V. df a Judg IS b Judg l5 JS Judg s By, 5
Chlorophyll a  Chlorophyll b Total chlorophyll  Carotenoids
S 2 0.79" 0.36" 2.09" 0.06™
Replication
>3 10 3.50™ 0.40™ 5.49™ 0.62™
Fertilizer
ool sl 20 0.40 0.10 0.41 0.05
Error a
il 1 1.64" 252" 8.21" 2.69"
Cutting
oSS 10 1.05" 0.50™ 2.08 0.26™
Cutting X fertilizer
Rxom 2 0.34 0.07 0.32 0.02
Replication X cutting
ol st 20 0.30 0.12 0.39 0.06
Error
CV (%) 7.9 135 6.5 12.0

o )d S5 g i Jlein ] mdaw )3 5 e )y pixe s ol gy *F o * NS
ns, * and **: are non-significant, significant at 5 and 1% probability levels, respectively.

gl (5 gt S5, 2 (e 9 (5395 Lo Jilie 1 (1iSle duamliio —£ Jgua
Table 4— Mean comparisons of fertilizer and cutting interaction on photosynthetic pigments of thyme

o 555 a Judg s D Judg i JS Jadg 5 sl )5
Cutt“ivng Fertilizer Chlorophylla Chlorophyll b  Total chlorophyll  Carotenoids

(ug.mlh) (1g.ml™h) (ug.ml™) (1g.ml™h)
PM1oo 4.4 1.9 6.4 1.2
PMaa3 7.9 2.8 10.8 2.2
PM2so 8.0 2.2 10.2 1.6
=y SMioo 6.7 2.4 9.1 1.9
'13 E SMu43 7.8 2.8 10.6 2.3
- 3 SMaso 7.2 1.8 9.0 1.3
R CMao0 6.6 2.7 9.4 2.2
[ CMus3 6.3 2.3 8.6 1.7
CMz2s0 7.0 2.6 9.6 1.9
CF 7.1 2.6 9.8 2.1
Control 5.7 2.2 7.9 1.6
PM1oo 6.4 2.3 8.7 1.8
PMua3 7.5 3.0 10.6 2.3
o PM2so 7.9 3.3 11.2 1.8
£ SM1o00 6.4 2.6 9.0 2.3
Q) § SMu43 6.8 2.5 9.2 2.2
g SMaso 8.2 3.3 115 2.6
<5 CM1o0 6.4 3.1 9.5 3.1
o CMus3 6.8 3.0 9.8 2.1
@ CMaso 7.3 2.0 9.3 1.8
CF 7.9 3.1 11.0 2.4
Control 6.7 2.6 9.3 2.2
LSD (a=0.05) 1.27 0.82 1.44 0.57

9 VFY Ve Loluoly (gdiiwsS 365 i iay :SM2so SMi143 SMi0o €l (5 5505 p,5 LS YO+ 5 VY N ev Loluly (850 365 s dy PMaso PMiaz PMioo
355 (553 CONION « slawss 38 :CF 1S )3 59555 p,SehS YO+ 5 VY Voo Lolulyy (695 365 o5 5 CM250 CMugz CMio0 S 3 (g i p,S'5kS Y0
PM100, PM143, PMa2so: Application of poultry manure based on 100, 143, and 250 kg N.ha?, respectively; SM1oo, SM143, SM2s0:

Application of sheep manure based on 100, 143, and 250 kg N.ha'%, respectively; CM1go, CM143, CM2s0: Application of cattle manure
based on 100, 143 and 250 kg N.ha™, respectively; CF: Chemical fertilizer, Control: No fertilizer.
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Table 5- Analysis of variance for the effect of fertilizer treatments on leaf area index, arial biomass and essential
oil of thyme during two cuttings

Sl o (b
S e ] Mean of squares
- gAlax = o 1
S.O.C:/. él.f Toen et LS 8397 3 W RN ilw! 5 Slos
Leaf area index ® OopEs ol ol el e
Aerial biomass  Essential oil content  Essential oil yield
"’S‘ _ 2 0.01 1680.9 0.03 2.34
Replication
> 10 0.44" 102473.6™ 0.13" 103.44™
Fertilizer
el sl 20 0.04 7350.9 0.01 3.54
Errora
o 1 4.50™ 3636394.9™ 3.49™ 822.5™
Cutting
o F 10 0.05" 56598.7"" 0.06" 35.47"
Cutting X fertilizer
_’]’S_JX o . 2 0.00 1982.6 0.00 3.36
Replication X cutting
bl ks 20 0.01 3805.8 0.01 3.62
Error
et 107 6.8 3.9 8.9
CV (%)

o> S Jloss ] pdaws 50 I Gixe g 5 me e ey ** 4 NS
ns and **: are non-significant and significant at 1% probability level, respectively.

oS 3 s & 1y plS s w515 5 Sy b sl il
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OExed 9 395 4 ()5 Vb Cumd Wy (555 358 45 100l
S)los b awolio )3 S 03 2 (5 yeS Sl 1 yiaS jnd (e
S bl Wg b fpe cbdgS ol a3l £ ye 58
—olie el cwlio el o (Sanches Govin et al., 2005)
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Table 6- Mean comparisons of fertilizer and cutting interaction on leaf area index, aerial biomass, and essential oil of thyme

" 358 Snhew ol LS oagcum sl f3en owilol 5,Slos
Cuttiﬁg Fertilizer Leaf areaindex  Aerial biomass Essential oil content (%) Essential oil yield
(kg.hat) (kg.hat)

PM100 0.6 564 2.26 12.7
PMu43 0.8 656 2.74 18.0
PMazso 1.0 997 2.79 21.7
o SMio 0.6 633 2.55 16.2
%2 SMua3 1.1 1061 2.61 276
23 SMzso 1.0 929 2.79 25.9
DB CMioo 0.5 531 2.64 14.1
i CMua3 0.7 547 2.65 14.5
CMzso 0.7 592 3.13 18.5
CF 0.6 533 2.52 13.3
Control 0.4 362 2.44 8.8
PM100 1.16 1143 2.21 253
PMu43 1.43 1177 2.25 26.4
PMzso 1.49 1203 2.40 28.9
£ SMi0o 1.11 1103 2.12 23.4
% g SMuss 1.19 1153 2.23 25.7
D SMaso 1.45 1180 2.26 26.7
€8  CMuwo 117 1116 2.09 234
3 CMua3 1.16 1147 2.20 25.2
CMzso 1.41 1163 2.25 26.1
CF 1.34 1198 1.96 234
Control 0.46 987 2.08 20.6
LSD (a- 0.05) 0.24 1433 0.22 4.42

VY e olioly (gdiawsS 565" i ey :SMso SMi143 SM100 £l 3 (555 p)S5lS YO+ g VFY Ve e Lululy (20 365 i ey PMaso PMiaz PMioo
9 :CONtrol ¢ lews 558 (CF 6o )3 (59555 p,SolS Y0 9 VY N ev ol (988 355 i ey :CMa2so CMiaz CMigo £l 13 59,55 p,5okS YO+ 4
oS
PM10o, PM123, PM2so: Application of poultry manure based on 100, 143, and 250 kg N.ha%, respectively; SM1oo, SM143, SM2s0:

Application of sheep manure based on 100, 143, and 250 kg N.haa, respectively; CM100, CM143, CM2s0: Application of cattle
manure based on 100, 143 and 250 kg N.ha'%, respectively; CF: Chemical fertilizer, Control: No fertilizer.
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Fig. 1- Means comparison of fertilizer efficiency in the biomass production of thyme during two cuttings
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PM 100, PM143, PM2so: Application of poultry manure based on 100, 143, and 250 kg N.ha%, respectively; SM100, SM143, SM2s0:

Application of sheep manure based on 100, 143, and 250 kg N.ha'%, respectively; CM1oo, CM143, CM2s0: Application of cattle manure
based on 100, 143 and 250 kg N.ha'%, respectively; CF: Chemical fertilizer. Bars indicate the amount of LSD (a= 0.05).
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based on 100, 143 and 250 kg N.ha'%, respectively; CF: Chemical fertilizer. Bars indicate the amount of LSD (a= 0.05).
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