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Table 1. Some chemical and physical properties of soil.
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LG (/) Sal s JB ‘ EC (dS/m)
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iy Calci ) (mg/kg) () Electrical ol
(mg/kg) arcium ; (mg/kg) nductivit :
Available carbonate Organic i Exchangeable Total conductivity Soil Texture
Zinc (%) carbon Available potassium Nitrogen (dS/m)
(mgke) (%) phosphorus (mg/kg) (%)
£ (mg/kg)
0.53 47.7 0.22 11.10 0.06 1.6 7.8 Clay Loamy
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Table 2. Some chemical properties of organic fertilizers.
(mg/kg) &3, () Jlesks (1) JS 035 EC (dS/m) oH 358 ¢
Zinc (mg/kg)  Organic carbon (%)  Total Nitrogen (%)  Clectrical conductivity (dS/m) Fertilizer type
17.8 3 0.2 2.1 74 s
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Table 3. Analysis of variance of treatment effects on some characteristics of soil.

Slay o 5SSk
Mean square @sl3T 4o S
Je LG 7. df Treatments
s S es oH
Available zinc Organic carbon
Lo
0.054** 0.046** 0.068** 5 -
Treatments
o
0.0001 0.0002 0.0001 12
Error
(1) Ol pots o o2
1.83 3.91 0.17 - T e
Coefficient of variation (%)
o el ma 53 (515 e .
** is significant at 1%
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Ctrl: control, ZnSOy: Zinc sulfate chemical fertilizer (40 kg/ha), COMS: Compost (5 ton/ ha), COM10: Compost
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Figute 1. Mean comparison effect of treatments on soil pH.

(10 ton/ha), CM5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Figute 2. Mean comparison effect of treatments on amount organic carbon.
Ctrl: control, ZnSOy: Zinc sulfate chemical fertilizer (40 kg/ha), COMS: Compost (5 ton/ ha), COM10: Compost
(10 ton/ha), CM5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Figute 3. Mean comparison effect of treatments on amount available zinc of soil.
Ctrl: control, ZnSOy: Zinc sulfate chemical fertilizer (40 kg/ha), COMS: Compost (5 ton/ ha), COM10: Compost
(10 ton/ha), CM5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Table 4. Analysis of variance of treatment effects on some characteristics of German chamomile.

Sl e e
Mean square o3 s
@2l S "f cwat
1€ N c . . ource of variation
(q!.LlS)amS)JS;JSLq& S o Sas sl s Sles aiyy s Sas df
Flower yield Leaf yield Shoot yield Root yield
los
1.608** 3.623%* 5.189%* 0.334%* 5 o
Treatments
(P
0.13 0.017 0.041 0.002 12
Error
1) Ol s o i
4.62 2.307 2.123 5.81 _ (1) & pois s 2

Coefficient of variation (%)

** is significant at 1%

o2l s S s (T sl e 15
GAE 5 elS 5L sy g0 B rmenS 5 rae olis
5,8 5V (W) 550 e Sl ole lils
355 5 e gpaS Slad 3 w0kl 5 IS 5 S
) el csa S 3 5 A e 4 8
355 ilesl 53 (0F) O 5 G gy Cpmoman
Sled s o)'fi..d\ :J.ilw U{JSYL: S LS u':.)\/'f
Ol S5 p oS dal oty JLa 3 (658 558 o5 Ye
5 IYVA Coja pless 28 5 dald & cnd
ol Bl Carge 5 CawseS Sl eslanal sy V)0
(0) 42 6L osls olS s 85 Shes
ge 4 LS Olpe (BY) OLSes 5 <las
Gpk s Slas 5 A o b b ke
O35 & Lsges il o Kimgn s Sl
)JJ&;JJJ%&QSBA{_AMQTQL\SSJS
Mentha ) Jds ¢lx Joxe 5 o5 olals ws,
(Rosmarinus officinalis L.) s,b3, (piperita L.

OV) Xxs S (Sideritis montana) .z ydes s

o el ma 53 (515 e .

b sles polad a5 3ls Ol 0Le ans i =W

s s g0 Cla.ﬂ 23 8L g8 sl
(o3 VOV B AYY) aiy)y s Shas l58l o
@L:.} Oeemen (0 o) LS dald o4 o
shesd 4 LJ slas S« sl Ol wiu dns Lo
sShas 5 doys YV L NN L, Bl s Shes
dald 4 s Aoy VYNO B YANA L, S
U 5 Shes sy cnl U (0 Jsds) sl il
53 BN e s a8 58 oo e ws
RGN RN (S PRES IS e Rt
OLLS ol plll 5 ady, SE 035 Rl
IS ISy S ey il
Loy 6l slassl 5 assls OLLS CLELLOFA) o
S5 L kol sS4 Jle) 5 Sas
S gadhol s g S s L0 s
SRIA e S e STl S S 05
Sk s Casb) S GRS 4 S st



OlySeR 9 (giomie

ST gl s Shas 5 bjleg Kl awlis =0 J g

Table 5. Comparison of mean of treatments on some characteristics of German chamomile.

Ss
(OIS 53 ,8) 85, 80as (LS /p8) S Shee (OIS /p,8) Sl s Shoe (OIS /p ) 4y, 3,S0as Properties
Flower yield (gr/pot) Leafyield (gr/pot) Shoot yield (gr/pot) Root yield (gr/pot) Sl
Treatments

6.87° 4.06° 7.70¢ 0.57° Ctrl

7.61% 6.46" 10.93* 1.06° ZnS0,

7.48% 4.92¢ 8.56° 0.64% COM;

7/71® 6.20° 9.66° 0.8° COM,o
8.17%® 5.34° 9.27° 0.72% CM;

9.04* 7.03" 11.06 1.46° CM;o

] La)la.; ‘_g)b&m 6‘“‘ G_MJJL\Z‘J}:‘»IQ)JOL»_({Q})}

Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).
2 V) CwseS COMg (S 55 (5 0) S S COMs (G 5o @5,115 £0) Gy SMsw slard 555 ZnSOy4 wals Crl
O 3 5 V) 658 558 CMp (LS s 05 0) (558 555 CMs (HLSa

Ctrl: control, ZnSOy: Zinc sulfate chemical fertilizer (40 kg/ha), COMS5: Compost (5 ton/ ha), COM10: Compost (10 ton/ha),
CMS5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Table 6. Analysis of variance of treatment effects on some characteristics of German chamomile.

Sl e (1 Sle
Mean square o .
0] S
- - s .y
e b ks b s K slaws Ay sl gl 6df) Source of variation
Receptacle Flower Stem Flower Tiller Plant
diameter diameter diameter number number height
0.053™ 2.066™ 0.065™ 5085.78%* 20.988%** 18.373%* 5 o
Treatments
et
0.048 4.157 0.044 1026.22 0.777 1.073 12
Error
Ol s 5
2555 8.259 7.661 6.052 6.586 3.944 - T e
Coefficient of variation

Db pma e v0 Ju:}lcb.w): &_g)lzd'o.aﬁu/ﬂ Jh@}lch.w)z ‘_g)bd;mw

** ig significant at 1%, * is significant at 5%, ™ is nonsignificant.
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Table 7. Comparison of mean of treatments on some characteristics of German chamomile.

S
&S sl oy sl Gl gl Properties
Flower number Tiller number Plant height (cm) Dless
Treatments

472.33° 8.33° 23.36° Ctrl

545% 15.33° 28.88" ZnSO04

522% 14.33% 25.26" COM;

579.33" 15% 26.60° COM;o
493.67° 12.66° 24.12% CM;

563.33" 14.66™ 29.37° CMio

sl e (6515 s ke 005 O gt 2 53 LSS By~
Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).
2 V) CwseS COMg (S 55 (5 0) S S COMs (G 5o @5)1.“5 £0) Gy SMsw slard 555 ZnSOy4 wals Crl
O s 5V 58 558 CMp (LS 55 05 0) (55K 558 CMs (([LSa
Ctrl: control, ZnSO4: Zinc sulfate chemical fertilizer (40 kg/ha), COMS5: Compost (5 ton/ ha), COM10: Compost (10 ton/ha),
CMS5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Table 8. Analysis of variance of treatment effects on some characteristics of German chamomile.

Sl e Sle
Mean square T af ae
&3l a= s ol S o
. . . . df Source of variation
ST g Jds s b Jis,l8 a Jbs,8
Carotenoid Total Chlorophyll Chlorophyll b Chlorophyll a
; : Slesd
0.326™ 0.037* 0.002™ 0.022* 5
Treatments
1555
0.208 0.01 0.002 0.004 12
Error
() s
10.191 5.760 10.309 5.117 -

Coefficient of variation (%)

* is significant at 5%, ™ is nonsignificant.
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Table 9. Comparison of mean of treatments on some characteristics of German chamomile.

S
(S /e S IS Jis ls (cS/pShaa Jos s Properties
Total Chlorophyll (mg/g) Chlorophyll a (mg/g) sled
Treatments
1.58" 1.16° Ctrl
1.73® 1.27* ZnSO04
1.79® 1.31® COM;s
1.85% 1.37° COM;o
1.87° 1.39° CM;
1.85% 1.36° CMio
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Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).
22 V) CseS COMpg (S 55 05 0) S S COMs (GLSa 5o @5}1.5 £0) Gy SMsw slard 555 ZnSOy4 wals Crl
O s 5V 58 558 CMp (LS 53 05 0) 55K 555 CMs ((HLSia

Ctrl: control, ZnSO4: Zinc sulfate chemical fertilizer (40 kg/ha), COMS5: Compost (5 ton/ ha), COM10: Compost (10 ton/ha),
CMS5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Table 10. Analysis of the variance of the effects of treatments on the concentration of zinc in German chamomile.

Dlagye S0
Mean square ) i
0] =
Z oy Zz oy - oy . oy S
B oss cbls Sps Shle Sle gy, Shle s gy ckls e Treatments
Zn concentration Zn concentration Zn concentration Zn concentration df
in flower in leaf in shoot in root
sles
23.47%* 27.53%%* 29.50%* 28.02%* 5
Treatments
Lo
0.18 0.15 0.39 0.35 12
Error
() s
1.68 1.83 1.97 3.64

Coefficient of variation (%)

** is significant at 1%
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Table 11. Comparison of mean treatments on zinc concentration in German chamomile.

Kooy bl S psas ohle Bl g, chle oy gy ohle “;}:}_
Zn concentration Zn concentration Zn concentration Zn concentration Properties

in flower in leaf in shoot in root sl

(mg/kg) (mg/kg) (mg/kg) (mg/kg) Treatments
22.26° 18° 27.7° 12.6° Ctrl
22.6° 18.7% 29.6° 14.4° ZnS04
25.4° 19.1¢ 29.8° 15% COM;

26.33° 22.1° 32.4° 16.5" COM;o
27.6° 23.4° 33.6° 17.6° CM;
29.4° 25.6° 36.3° 21.4° CMio
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Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).
22 V) CewseS COMpg (S 55 05 0) Cw S COMs (G 5o @5}1.5 £0) 6oy SMsw slard 555 ZnSOy4 wals Ctrl
O 55 5V ) 658 558 CMp (LS 55 05 0) 55K 558 CMs ((HLSa

Ctrl: control, ZnSO4: Zinc sulfate chemical fertilizer (40 kg/ha), COMS5: Compost (5 ton/ ha), COM10: Compost (10 ton/ha),
CMS5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Table 12. Analysis of variance of treatment effects on zinc uptake in German chamomile.

Sla e S5k
Mean square a
_ o
¢ : z : . . . . 5] CM .
K s ol Sr G i dlo gy, ol o) gy ol Source of variation
f
Zn uptake Zn uptake Zn uptake Zn uptake d
in flower in leaf in shoot in root
Slesd
0.004** 0.004** 0.012%** 0.0002** 5
Treatments
Lo
0.00008 0.00000807 0.000065 0.00000062 12
Error
(1) &l s o o
4.59 2.33 2.66 5.28 j

Coefficient of variation (%)

o) Jlezl mla Gl ims ™"

** is significant at 1%
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Table 13. Comparison of mean treatments on zinc uptake in German chamomile.

B so wd S o ol Bl g ol iy S i ‘;"}
Properties
Zn uptake Zn uptake Zn uptake Zn uptake
in flower in leaf in shoot in root Sles
(mg/pot) (mg/pot) (mg/pot) (mg/pot) Treatments
0.153¢ 0.073¢ 0.213¢ 0.007° Ctrl
0.172% 0.12° 0.323° 0.015° ZnSO04
0.190° 0.094° 0.255° 0.009* COM;
0.203" 0.137° 0.313° 0.013° COM;o
0.225° 0.124° 0.311° 0.012° CM;
0.265" 0.18° 0.401° 0.031° CM,o
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Same letters mean no statistical difference between treatments at Tukey’s test (P < 0.05).
2 V) CwseS COMpg (S 55 05 0) Cw S COMs (G 5o ¢)§,l.§ £0) 6oy Sl slard 555 ZnSO4 als Crl
O 3 5 V) 658 558 CMp (LS s 05 0) (558 555 CMs (HLSa

Ctrl: control, ZnSO4: Zinc sulfate chemical fertilizer (40 kg/ha), COMS5: Compost (5 ton/ ha), COM10: Compost (10 ton/ha),
CMS5: Cow manure (5 ton/ha), CM10: Cow manure (10 ton/ha).
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Abstract

Background and Objectives: Zinc (Zn) is one of the most important essential nutrients that
plants require it for their physiological functions. Calcareous soils of Iran are facing the problem
of the available Zn for the plant. Therefore, studying the increase in the amount of this element
in these soils is essential and important. Among them organic fertilizers in comparison with
chemical fertilizer, especially livestock manure has different food sources for use by plants.
This research was done to investigate the effect of organic and chemical fertilizers on zinc
uptake and functional indices of German chamomile (Matricaria chamomilla L.).

Materials and Methods: For this purpose, in the form of potted cultivar and completely
randomized design was carried out in three replications. The experiment factors consisted
of cow manure and bagasse compost (each with 10 and 5 ton/ha) and chemical fertilizer of
40 kg/ha zinc sulfate and control (without adding any organic and chemical treatments). During
the experiment, chlorophylla, b, total chlorophyll and carotenoid were measured. At full
flowering stage, aerial part dry weight and also its zinc concentration was determined. Also,
available zinc was measured using DTPA.

Results: The results showed a positive effect of cow manure on yield, zinc concentration and
uptake in German chamomile breed. The Maximum yield of leaves and flowers was observed in
treatment of 10 ton/ha of cow manure with 73.15% and 31.6%, respectively. Also, the
Maximum zinc concentration in root and stem of chamomile was in treatment of 10 ton/ha
of cow manure. The Maximum zinc uptake was observed in root, stem, leaf and flower in
10 ton/ha cow manure. Generally, the use of organic fertilizers increased zinc concentration and
uptake and yield of German chamomile plants.

Conclusions: The results showed that using of organic fertilizers can have useful role in
improving the uptake of nutrients and morphological parameters in German chamomile. Based
on these experimental results, it could be concluded that Zinc optimal situation in chamomile
was due to increasing the amount of elements such as zinc in the soil due to soil pH reduction
and resulting in better uptake and impact on yield. Among the treatments used cow manure was
found to be more suitable. Due to environmental issues of chemical fertilizers, available organic
manures including compost and cow manure can be applied.
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