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Table 1. Chemical properties of livestock manures used.

S A= Frs S S 35 s 58
Parameter Unit Poultry manure Sheep manure Cattle manure
pH* - 6.71 7.92 7.9
EC* dS/m 4.75 4.38 1.98
oC % 31.2 17.5 19.5
N % 4.5 2.64 2.32
P % 1.71 0.59 0.56
K % 0.98 1.25 0.62
Fe mg/kg 1475 3812 1718
Zn mg/kg 425 120 206
Cu mg/kg 117 28.1 51.72
Mn mg/kg 493 331 220

* pH and EC were prepared in the extracts 1:10.
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Table 2. Soil properties of experimental field.

Sl il EC S ons S0k o ferd B i R e
Soil textre pH (dS/m) Organic carbon Total nitrogen Availabe phosphorus Available potassium
(%) (%) (mg/kg) (mg/kg)
i 775 0.6 0.76 0.08 8 320
Clay
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Chla (pg/ml)Z 12.25 A663.2_ 2.79 A646.8
Chly(ug/ml)= 21.21 Ages — 5.1 Ass32

Total Chl (pg/ml)=7 15 A663.2 +18.71 A646,g

LS =S5 5l by oS L el cusls ¢l
sbeliilgua)l 53 e 5 LS 4l OO o)l
Ldd a3l el eslel bl gl S s 1Ay
Ll s el o ol deese OLLS oL
Sogots S glacile ey s S el e
dlodsr OlalS il S Lol 5l as plowil >
Jl 5SS ol 45 5 553 e ol Il Il 3
Sl ol 03 6058 slasles coanl oS 53
S Jlesl £33 Il

Carotenoid (ng/ml) = (1000(A470)-1.8(Chla) -85.02(Chlb))/198
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Table 3. Analysis of variance (mean squares) the effect of fertilizer treatments on photosynthetic pigments of hyssop.

a b8 b Jisls 8 JBo s bads 53,8
4y Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
g i
SOV EEL Bl epor o epom o ppoax Dlos eeos
df First Second First Second First Second First Second
cutting cutting cutting cutting cutting cutting cutting  cutting
| <
A 2 0.279™ 0.300™ 0.534™ 0.653™ 0.466™ 1.742™ 0.0513™  0.040™
Replication
6:; )Lw; *x *x *x *x *ok *ok ns *k
10 5.231 2.370 2.783 3.386 14.188 9.748 0.0512 0.254
Fertilizer treatment
bl gl
oS 20 0.136 0.697 0.070 0.692 0.233 1.424 0.061 0.068
Error
Ao L] Ve SR
(e02) Sttt 2 - 5.01 13.46 6.96 15.95 4.32 10.45 17.6 11.08

CV (%)

.-Lﬂ)é\)OJL}:}‘CEM)J)‘;&M})‘;&M_K.&%;Q 5«

™ * and ** are non-significant and significant at 5 and 1% probability levels, respectively.

il (5355 mbe Sbeos By) g7 ey, (fibe amylis -1 Jgir
Table 4. Comparison of mean photosynthetic pigments of hyssop affected by different fertilizer sources.

ns

a s s b Jis,s IS dds s s 5,8
Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
> Lo
525 e (ng/mh)
Fertilizer
treatment gyl o s Jsloer £33 o e o dio £33
First Second First Second First Second First Second
cutting cutting cutting cutting cutting cutting cutting cutting
PMigo 8.7° 5.8 45° 5.0%° 13.1% 10.8°¢ 1.47° 2.37%e
PMyo 6.3 5.6 3.3 6.5% 9.6 12.1%¢ 1.45° 2.5%®
PM.o 9.7% 7.6° 4.5° 6.7° 14.2° 14.4° 1.32° 2.5%®
SM00 6.7% 5.0° 3.1% 4.4°¢ 98° 9.4 1.5° 2.4%®
SMo 571 6.1%° 3.0° 4.6% 8.6 10.7°¢ 1.15° 2.5%®
SM4o 7.5 6.9 3.7¢ 5.3%¢ 11.2¢ 12.2%¢ 1.28° 2.0
CM 00 6.4° 5.0° 3.5¢ 4.1°¢ 9.9° 9.19 1.36° 2.4%®
CM7o 7.6¢ 6.2 49° 47" 12.5% 10.9°¢ 1.64° 2.5%®
CMuo 8.0% 7.1%® 3.7 5.6% 11.7¢ 12.7% 1.33° 1.7°¢
CF 8.7° 7.2%® 55° 6.8° 14.2° 14.0° 1.46° 2.2%¢
Control 571 5.7%¢ 221 3.7¢ 798 9.4 1.5° 2.7°

5S4 £ 358 PMag PM7g PMigo Ll (5,05 sne Dl LSD [)}»ﬂ ol S rie G~ S JBU;— shls Lguaf;‘\?n O a3

3590 05550 dod br g Ve e L;blsh%}ggm;;ﬁ:sl\/[m SM7p SMigo LS 3L 3530 05, dops b g Ve e LISL

355 s Control (b 355 CF eelt_f)'Lg;)}aojb:.g.u);b EAAEE L;‘)L(\esé)%d}@éﬁiCMm CM79 CM g0 LS 5L

In each column, the means with at least one similar letter based on LSD test are not significantly different. PM g, PM79, PMyo:
Poultry manure with efficiency of 100, 70 and 40% of plant nitrogen requirement, respectively; SMig, SM7, SMao: Sheep
manure with efficiency of 100, 70 and 40% of plant nitrogen requirement, respectively; CM g0, CM79, CM4o: Cattle manure with
efficiency of 100, 70 and 40% of plant nitrogen requirement, respectively; CF: Chemical fertilizer, Control: No fertilizer.
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Table 5. Analysis of variance of the effect of fertilizer treatments on LAI, arial biomass and essential oil

prodction of hyssop.

\_ff_‘ Cla—w u.a>l~4 ;;l‘)"b H.h‘ 03)3\;.\.«.1) U-AL\A‘ Qb.:n u--JLw“ J;Lq&
PRSP LAI Arial biomass Essential oil content Essential oil yield
g 3
S
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Fertilizer treatment
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"8, ** are non-significant and significant at 1% probability levels, respectively.
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Table 6. Comparison of the average of LAI, arial biomass and essential oil prodction of hyssop affected by

different fertilizer sources.
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PMyo 3.5 e 2.7%® 3672 2746® 130 1.59"% 47.80 ™ 43.6®
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SMuo 3.7%° 2.5% 2932 b 2056 1.25° 1.74® 36.55 ¢ 35.8%
CM 00 2.1 % 1.9% 2496 ¢ 1955 1.26° 1.75% 31.68 34.2%
CMyo 219 1.8% 2736 ¢ 1949 1.16° 1.88° 31.69 36.8%
CMyo 2.6 2.1% 2912 b 2113%° 1.15° 1.76® 33.55% 37.4%
CF 3.9 2.2% 3576 1842° 133 1.78® 4734 32.6™
Control 1.7¢ 1.3°¢ 2744 ¢ 1750° 1.17° 1.68 % 32.15% 29.5°¢
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In each column, the means with at least one similar letter based on LSD test are not significantly different. PM;g9, PMy,
PMyo: Poultry manure with efficiency of 100, 70 and 40% of plant nitrogen requirement, respectively; SMig, SM79, SMyo:
Sheep manure with efficiency of 100, 70 and 40% of plant nitrogen requirement, respectively; CM oo, CM7p, CMyo: Cattle
manure with efficiency of 100, 70 and 40% of plant nitrogen requirement, respectively; CF: Chemical fertilizer, Control: No

fertilizer.
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Abstract

Background and Objectives: Organic fertilizers are considerd as valuable sources for plant
nutritions in agricultural ecosystems, because in addition to providing nutrients, they can also
help to increase soil organic matter levels, which can compensate the deficiency of soil organic
matter of arid and semi-arid regions. On the other hand, the use of organic fertilizers in the
medicinal plants cropping has a higher priority due to the limited cultivation area of these plants
and also the reduction of reliance on chemical fertilizers. Therefore, in this experiment, the
effects of organic and inorganic fertilizers were investigated on growth, yield and essential oil
of Hyssopus officinalis L.

Materials and Methods: The experiment was conducted as a randomized complete block
design with three replications at the model cultivation site of medicinal plants of Koohrang
Agriculture-Jahad (average rainfall of 1357 mm and minimum and maximum temperatures of
2.8 and 16.2 Celsius), in 2018 and 2019. The experimental treatments were 33 plots and
includeed poultry manure with three levels of nitrogen uptake efficiency (100, 70 and 40%;
PM; 0, PM7o, PMy, respectively), sheep manure with three levels of nitrogen uptake efficiency
(100, 70 and 40% SMqy, SM7y, SMy, respectively), cattle manure with three levels of nitrogen
uptake efficiency (100, 70 and 40%; CM 40, CM7, CMy, respectively), as well as two levels of
control treatment (positive and negative; chemical fertilizer:100 kg N/ha + 100 P/ha and without
fertilizer, respectively. The traits that assessed were included photosynthetic pigments, leaf area
index, arial biomass, essential oil content and essential oil yield. Data analysis was performed
by SAS software and means were compared by (least significant differences) LSD test.

Results: In the first cutting (June 24), the results showed that the maximum contents of
chlorophyll a and b were observed under PMy, and CF feeding conditions, respectively. PMy,
PM+,, PMg and CF treatments had the maximum arial biomass (3760, 3672, 3632 and 3576
kg/ha, respectively) and were placed in a statistical group without significant. The highest
essential oil content was obtained in PMy,, CF and PM5y % treatments, with average of 1.49%,
1.33% and 1.3, respectively. However, the highest essential oil yield was observed in PMy,
PMy, CF and PM,, fertilizer treatments (56.3, 47.8, 47.3 and 43.8 kg/ha, respectively). In the
second cutting (September 5), PMyo, CF, CM4 and SMy, treatments had the highest chlorophyll
a(7.6,7.2,7.1 and 6.9 pug/ml, respectively), and CF, PMy4, and PM>, had the highest chlorophyll
b (6.8, 6.7 and 6.5 pug/ml, respectively). The maximum arial biomass was observed in conditions
of feeding with PMy, and PMy, with average of 2801 and 2746 kg/ha, respectively. The amount
of essential oil obtained from feeded plants was not significantly differed from control
treatment. However, PMyy and PMy, treatments had the maximum essential oil yield with
average of 50.7 and 43.6 kg/ha, respectively.

* Corresponding Author; Email: askarghanbariodivi@gmail.com
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Conclusion: In this study, considering the maximum production of plant biomass in different
levels of poultry manure and also the superiority of essential oil yield of these levels during the
first cutting and PM40 and PM70 in the second cutting, it can be concluded that an average
level of poultry manure is appropriate for hyssop regarding to its growth and essential oil
production. Therefore, poultry manure can be used as an alternative source of chemical fertilizer
in order to hyssop production in a similar climatic conditions to Koohrang.

Keywords: Animal manure, Essential oil, Fertilizer efficiency, Hyssop, Photosynthesis
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