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Background and objectives: Arnica montana L. is a rare plant under strict
protection in several European countries and similar to medicinal plants has
high commercial value. Water is one of the environmental factors which has
a high impact on the growth and the essential oil content of medicinal plants.
Plants are faced with various environmental stresses during their growing
period. Each of these stresses has different effects on growth, metabolism,
and yield according to the sensitivity level and stage of the plant growth.
Management of nutrients consumption along with water consumption
management influences the quantitative and qualitative yield of crops and
medicinal plants. Manure is one of the organic fertilizer sources whose
application in the sustainable management system of soil is conventional. In
this regard, organic sources combined with chemical fertilizer can lead to
soil fertility and increase crop production, because this system provides most
of the plant's nutritional needs and increases the efficiency of nutrient
absorption by the crop. This investigation was conducted to The effect of
water deficit, combined application of manure and chemical fertilizer on
yield, and some morpho-physiological characteristics of Arnica montana L.

Materials and Methods: A factorial experiment was carried out in a
randomized complete block design with three replications at the research
greenhouse, Zist Exsir kemia Company of Esfahan in 2019. The first factor
was 5 levels of manure application: 1) no amended fertilizer, 2) 25 percent
urea + 75 percent manure 3) 50 percent urea + 50 percent manure 4) 100
percent urea and 5) 100 percent manure, while 4 levels of irrigation regimes:
100 percent, 75 percent, 60 percent and 50 percent of water requirement
were used as the second factor. The water need of the other treatments was
considered based on the water demand of control with the TDR
(Temperature Dependent Resistor) humidity meter. Harvesting of the
flowers from each pot was done once a week till the full flowering stage and
the number of flowers per plant, dry flower yield, harvest index of the
flower, biological yield, proline, electrolyte leakage, stomatal conductance,
total chlorophyll, nitrogen uptake efficiency, phenol, and flavonoid content
was studied.

Results: The results of the experiment showed that the effect of fertilizer,
irrigation regimes, and their interaction was significant on all the
characteristics. Means comparison of the interaction effect of fertilizer and
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irrigation regimes showed that the maximum number of flowers per plant,
dry flower yield, and biological yield in 100 percent manure with 100
percent plant water requirement, the maximum harvest index of flower in
control with 75 percent plant water requirement, the maximum electrolyte
leakage in 100 percent manure with 60 percent plant water requirement, the
maximum stomatal conductance in 100 percent manure with 100 percent
plant water requirement, the maximum total chlorophyll in 100 percent urea
with 100 percent plant water requirement and the maximum phenol,
flavonoid and proline contents were derived in 100 percent urea with 50
percent plant water requirement were obtained.

Conclusion: Based on the results obtained in this experiment, it can be
concluded that the 100 percent plant water requirement caused a reduction in
proline, electrolyte leakage, phenol and flavonoid content, and improved
plant growth condition in most of the fertilizer treatments. Moreover, the
application of manure (especially at high stress levels) could reduce the
effects of drought stress to some extent. So, according to the findings of this
study, in order to obtain the maximum plant yield in similar conditions, the
application of 100 percent manure with full irrigation is recommended.
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water deficit, combined application of manure and chemical fertilizer on yield, and some
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Table 1- Physical and chemical properties of the soil pot at the start of trial.
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Figure 2- Means comparison of the evaluated treatments interaction on the dry flower yield (C: Control, U: Urea, M:
Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 3- Means comparison of the evaluated treatments interaction on the harvest index of flower (C: Control, U:

Urea, M: Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 4- Means comparison of the evaluated treatments interaction on the biological yield (C: Control, U: Urea, M:

Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Table 3- Results of variance analysis of the effect of evaluated treatments on number of flowers per plant, dry flower
yield, harvest index of flower and biological yield of Arnica monata L.
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" %% shows non-significant, significant at 5 and 1 percent level of probability, respectively.

Q.



Oy Sod g 0315 0 allwd] [ . cold (gadgS Rl 59,15 ¢ 5, il o5 1

(S ST Ll s s raes g e S
B 2 Lsaal Aol 2l 5 ol 2 o Gl oS
ol oo S adls (65 e 05554 4 S el
5 s S s gl Sllad S | g s
Olse GLissdans pds ) SIpUE w5l Sl
et S GRS 48 Lis sl Ol (piaman Lles S
e.,\_MSJj_:.S 05 mMRNA B Y ui{\_}_é\
Olimn il Sl 3 5 5o g e Slag 3
SLS 5 odas &5 LS 0 Bk Sl ssd e s
Slela hls bolum s S JJ)JJ oA J.&.MS
L5 go 0550 3l eslatal (g 0pl 5l (s S35 0
Sy ol 3 Lol Slde a5l el ook as
Al ol obig s 4 plend 558 A3l 5o
Rl 5 O el @ LIy e ol 55 035 2

(1) dms 513 DS Sl s 1 oY ol

e
- (=2} [e) [= (=]
(=] (=] (=] (=] =

(K2 oslap £ oo 5 o) sy
=4

(Proline (mg g! dry matter

=
'

R TR

s o

U 50%+
50% M

ol 35 5558 Jlime S 5 Sbo amlie tondy
Dbasd 53 Lo Olge G ot oS 315 0L g5y
0r L el 35S d o300 + oyl 35S Ao ys 00
oS 2 e S ke VoY/E e olS T 5L Ao
(355 03 dals e 3 OF o 508 5 St 035
oS 2 p Sk Yo/t Jlie ST 5L Ao s Ve
s aalles (0 Js) Aol Cews 4 S O3
aS 390 ool 31 SUe 50 sdml (s, p Olii
St ot sl 5 el 35S Sl Sl s s
YA 0L 5 oal3 Jou (Y1) sls OLES 1, ks
Oy 5 oo oo ol Ll 3 1, el ol s
Sl 4 s S Olpe i 5l S s
O3 Ol Ol ly e 25 Ll 5 0 8
T I 4 5 sz Olgen Gl sl oS eles

b3 L ol e 059 ol s 4 S

SC(100%wWr) sl
EWrive T Lvve
Bwrme L

Bwriles e

EYAT M e
U 25%+
75% M

36 s 5258 laoles i 3
Interaction effect between fertilizer and water requirement treatments

(T3 W als 5,8 M sl a 8 U aals C) s s 2050 slaled blize 31 Sk anslis —0 K2
N e B B ol sz 186 LSD &30 31 ulisl 1 wlie Gy > gl sla Kl

Figure 5- Means comparison of the evaluated treatments interaction on the proline (C: Control, U: Urea, M: Manure,
W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.

s S VY il w0 ol L s s Ve
o=l el e (U JKS) S edalie e Sl
S e a0 SR e Slid L s
2 aS IS4 (ﬁ) cals J\PH Sl

).}b L}_w\.«w‘ Lg)”ﬂ‘ LJJ_J bl—;§‘u~.«3 V'JJ' ‘k'.'.\]":’

Y

5055 Joline Sl aslis tod g 2SN s
S sls ol ey S e eoll s
PSS do Ve e s Cdo Ol S e
ﬁu,,,j_w;,:go\‘/\‘ )‘J\JAMJT)[:JM)JT'(J

L (558 05 dals Jles 53 0T o 508 5 e 5l



V€Y Y D)Lo.n.:' do 0,90 “;ﬁl))‘ ulhl; ..\.3,’94

iy sl NADP (6350 ue e ¢ sl
OeeS! (pl by ol Al 355 05,
Jos el 05,801 ek S S Ol Ll
DS o G S maed & e ol 5 S
3 Al O3 ST s G, Sl
S (V) 25, 8 e LS5 sden sLadLSCsl,
S oS 2l QLS 5 e 2550 Dl (Stan
L ls e 5 e (Stan 5 S oy S
iz S s, Sas (r=2/18) a5 55 |5 sl
g 53 (=1/07) S5 5 5 5, Shas 5 (=2 /1Y)
L obssne 5 e (Stad 5 Aoy SO Jlex|
Sl Lo s ey Jle| Clg.ﬂ 53 (r=2/Y0) s

SQUSEEEY

60 -
50 -
40
30
20 -

10

osgl2yS Ve
Uiee

(g 7o Bl p g Son) oy 280 2ot

(electrolyte leakage (micromus sm2

ol 35S 00wyl S vOY

v,\;'.#.o-

2> Laldoms oo 8 50 (B8 ann g g
o Gye ) Glodes iz S 25 bl g
3ol ol pslie G b 5l A L bl ol
AS LBl s o (3 0 s Jeke lis
P U WS- RSSOV RN WP | IS CI R WS T W
Ol e S el hals oSG Sdloelia Ol
o L OAs 4l g CL_<;A LS &S 5 405 blazul
Ll g Jo glie olly Sl b S
ol e e I (S fess
Ol b b (b olims 55 e Ol
Odd dws LS s g.j SeaS Ll 5 s S s S
Aol S ALS) 6o ol als el laaiyy,
05 S dUasl 5 o5 gl STy & Jb- s

ey oS W8 S el s b plie

HC(100% W) sl

Wrve lsletve

Bwrit Ll

W
N
.
.
.
_

FWrLes A 5let

g%

= e

U 50%+ 50% U 25%+ 75%

M

M

55 2 lesles e I

Interaction effect between fertilizer and water requirement treatments

LT 3L W ols 55 M sl 558 U aale (C) sy il o Olime s 2 350 Sl Jlize 1 5 Kle anulie -1 I3
N e B ol @oslis 186 LSD ¢yge 31 ulisl 1 wlie Gy gl sla Kl

Figure 6- Means comparison of the evaluated treatments interaction on the electrolyte leakage (C: Control, U: Urea,
M: Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 7- Means comparison of the evaluated treatments interaction on the stomatal conductance (C: Control, U:
Urea, M: Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Table 4- Results of variance analysis of the effect of evaluated treatments on proline, electrolyte leakage and stomatal
conductance of Arnica montana L.
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msx%%: shows non-significant, significant at 5 and 1 percent level of probability, respectively.
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Figure 8- Means comparison of the evaluated treatments interaction on the total chlorophyll content (C: Control, U:

Urea, M: Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 9- Means comparison of the evaluated treatments interaction on the nitrogen uptake efficiency (C: Control, U:

Urea, M: Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 10- Means comparison of the evaluated treatments interaction on the phenol content (C: Control, U: Urea, M:

Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 11- Means comparison of the evaluated treatments interaction on the flavonoid content (C: Control, U: Urea,

M: Manure, W r: Water requirement).
Means having the same letter have no statistically significant difference at 5% level based on LSD test.

ST a5 SN 035 e 2L (S S80S s 2550 sl 1 bsls 4o s -0 g
Table 5- Results of variance analysis of the effect of evaluated treatments on total chlorophyll, nitrogen uptake
efficiency, phenol and flavonoid contents of Arnica montana L.
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Table 6- Correlation coefficients of the studied traits under the effect of evaluated treatments.
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