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Introduction

Indigo (Indigofera tinctoria L.) is a flowering plant belonging to the Fabaceae family. This plant has a high
ability to grow again after harvesting, and the low sensitivity of this plant to the attack of pests and diseases in
hot weather conditions is one of the reasons for increasing the yield of this plant. Global climate changes have
led to changes in rainfall patterns and it is predicted that periods of insufficient rainfall will lead to drought with
a gradual decrease in water available to the soil of plants, causing an impact on the growth and development or
early death of the plant. The unreasonable long-term use of chemical inputs, including fertilizers and pesticides,
has increased environmental pollution and in some cases has had a negative impact on the yield and quality of
agricultural products. One solution is to use the principles of sustainable agriculture, especially the use of
organic inputs in agricultural ecosystems. Humic acid (HA) is an organic biostimulant that significantly affects
plant growth and increases crop yield. The purpose of the experiment is to investigate the effect of irrigation
intervals and foliar spraying of humic acid on the physiological characteristics and indigo content of Indigofera
tinctoria.

Materials and Methods

This research was carried out as split plot layout based on randomized complete block design with three
replications during 2019 in the agricultural research institute of Zabol Research Institute in Zahak city of Sistan
and Baluchistan province in Iran. The experimental treatments were irrigation intervals of 7, 9 and 11 days as the
main factor and five levels of humic acid foliar application as the sub-plot (no foliar application, foliar
application with a concentration of 20, 30, 40 and 50 liters per hectare). Irrigation treatments were carried out
two months after the planting date. Humic acid foliar application was started after three months from the date of
planting in the flowering stage, every 15 days. The foliar spraying was done at the end of the day and at sunset
with a back pump sprayer and with the same pressure on the bushes. In order to calculate the leaf yield by
removing the marginal effect, the crop was harvested in the last week of November 2019 and kept in the
warehouse at room temperature for 23 days. Then the dry leaves were separated and the weight of the leaves was
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obtained in each plot and its yield was calculated in terms of tons per hectare. Wilson's method was used to
prepare ash and extract to measure the concentration of iron, zinc, phosphorus and potassium elements. The
amount of photosynthetic pigments was calculated by Arnon's method. To measure guaiacol peroxidase enzyme
by Fielding and Hall method, calculate ascorbate peroxidase by Yashimura method, catalase enzyme by Beers
and Caesar method, proline amount in leaves was measured by Bates method. Also, the indigo content was
measured based on the method provided by Stoker et al. (1998) and Sales et al. (2006).

Results and Discussion

The results of analysis of variance showed that the effect of different levels of irrigation on chlorophyll a,
catalase, iron and zinc was significant. The effect of different levels of humic acid foliar application on
chlorophyll a and b, carotenoid, ascorbate peroxidase, catalase, guaiacol peroxidase, iron, zinc, potassium,
phosphorus and indigo content was significant. Also, the results of the analysis of variance showed that the
interaction effect of irrigation in foliar application of carotenoid humic acid, ascorbate peroxidase, catalase,
guaiacol peroxidase, iron, phosphorus and indigo content was significant. The highest (39.32 mg.g* fresh
weight) and the lowest (24.49 mg.g* fresh weight) content of indigo were obtained at the 7-day irrigation
interval under the conditions of foliar spraying of 50 liters per hectare and the 11-day irrigation interval under
the conditions of no humic acid application

Conclusion

The results of investigating the effect of reducing different levels of irrigation and increasing humic acid
foliar spraying on indigo showed that the amount of chlorophyll a and b and zinc increased. Also, the increase in
humic acid caused an increase in potassium and blood. At each level of irrigation, it was found that the amount
of carotenoid and indigo content increased with the increase of humic acid foliar application. Some other
physiological characteristics of indigo such as proline, ascorbate peroxidase, catalase and guaiacol peroxidase
showed a decrease in each irrigation level with increasing humic acid foliar application. In future researches, it is
possible to consider the comparison of soil application and foliar application of humic acid. In general, for the
production of vesme leaves, 9-day irrigation interval in foliar application of 40 L ha of humic acid is suitable;
and In order to obtain more indigo content, an 11-day irrigation interval in foliar application of 40 L ha? of
humic acid seems appropriate.

Keywords: Drought stress, Medicinal plant, Mineral elements, Organic fertilizer, Pigment



olnl sy sl h 4 s

Homepage: https://jcesc.um.ac.ir !
bag Pt i

YVV-Y4. P Ny }ﬁ\i Y OJLQ.:' Y ..0.7.

S5 P Slo gaas ) Koo gop dewl LT Phons 5 (5oll il b S5 S e

(Indigofera tinctoria L.) acwy sl 4

LS 5 e o 0 g5 ] T e g e L e S sl

VEV/-ANA el fo,l
VXL YINY ol Fo,l

CRVCLS

SRR el Sl 53 ilo] cdamy olS Soiglsy b Cluogad pr Snge dnwl (Bl glome 5 (o)l chliseo sl 15T g jglaion,

9 0Gos W 92 ) s Lol 08 lgisans (5Ll 593 ialajl cpl 53 s ol Sy i e )5 b5 (55y9liS 01tmg 3y )5 VYA
g S Lt ol Wad ad)S s )3 (S 3 ) 80 g ¥e ¥ Fe wald) o 0 )3 (28 ©)F Glgisds Sog dpul (0L gl
Al 92 )l gine dowsg Sy 3,8Mas g mansliy 59y D 58 idg)IS 1 Siogen dnwsl oo 139 I e Sy 3 Shos g 59y @ Sy S syl
A )l ine $oal (sgie g saud (ol GYBIS Ty JsSLE GlamaSlyy lygSol (g dsig)s’ p Shagd dsl ) ()bl Blize
bty 53 59,V 6lal 593 3 i 5] (ggime lien (5 (g 25 2 p S ske YEI¥R) (o yiaS 5 (5 g 5 2 p S koo YAIYY) (st
= oS e +/YADF) @ Ldo IS l5ee o yieS el Camndds Suogat sl 308 pae Ll 13 59y VY (6yll 590 ¢ kS p3 yud B b Jgle
£35S 2 e Sk IEVEN) @ do)lS liee (i 9 Sroged sonsl (Bl Jslons pas slasd 1 (5 0jg £ 2 pSke /YA D g (5 0jg 25
ol 59 b STy oSl Jlada it A5 oaabie US> 1) B0 3L Jgbxe slesi 53 (5 0ijg p)5 32 p oS skee TIYVER) D g (5 3
Ol e (3568 5 Sooga Aol (Bl gl pas Yo )3 (5 (ijs p)5 ¢ pSee IVVAR 9 235 5 S oo < IVIVY i) 59, VY 5 55y A
paie e oy it el Canddy 1S y3 1) 00 (Bbglore slesi 3 (5 01jg 5 2 pS ke IF A 5 25 g p S e +IFVE L) o
b yis Jide oy yieS g dal Cundey S 53 1) Yo (L3b gl Lulyd 13 595 VY (silel 593 L (5 g pyS kS 2 p)S e VA YY) jaud
Ay Cge spgete ) ol Chnddy Siagn ol HlSn p3 1l Yo L8 Jslone bl 3 5o, Y ylel 593 L (15 g p S5k S oo VIYOR)
5900 okl 09> it (oSl (siome (5] Cusddy (gl g Srage sl 1S ) 52 ¥ LBl Jglee Ll 5 59, % kel 590 damsy S

g0 a5 & aolio Snged gl US> il ¥ g

sl oS e JT 395 e yolis i, o Suid i 1 gdS gWdesly

00Ty (6 pameyS sblin pulyw )3 olS pl ol as il Lice
O3l Sl g ead etS Jo KUy el g plgisar g B g o
Lemmens & Wulijarni-Soetjipto, ) cul edgs jls,05 5 oYL
Sy S e V0 gl )l 4y cunly (glaoud )> dewsg (1991
3ae W L A slisi 4 lasS g jie ko VO B YD Job &
sbas g sl @ hlote jow LS K5 9 Jlite ©jg00

(Acevedo- sl o yio o ¥ Jgbo 4 5y9m0 S, am
554wl .Rodriguez, 1996; Ayeen & Shabani, 2005)

5- Fabaceae

LYRUFY

4 o )b 5 LS ;I (Indigofera tinctoria L.) aew
&)l 4oy (Gao & Schrire, 2017) sl 0 *cV¥ g 6 odlgls

«$59kiS oaStily wielyj 09,5 ($55iSIg ST byl (ulid)S (sopmitils

Oyl bl el o8l

Oyl bl ealy oluiily ¢(gjyaliiS” 0uSuily ccuslyj 05,8 ¢ yluuiiils =¥

Ol e bl e aly olRuiily ¢ g j)sliS 0uSisly ccslyj 05,8 ealiwl =Y

Ol dr (oS s (g5ygliS S plojlu sl ol )l ¥

(Email: asirousmehr@uoz.ac.ir (e A — )
https://doi.org/10.22067/jcesc.2024.85800.1282


https://jcesc.um.ac.ir/
mailto:asirousmehr@uoz.ac.ir
https://doi.org/10.22067/jcesc.2024.85800.1282
https://orcid.org/0000-0002-9764-6216
https://orcid.org/0009-0008-4698-1963

\i’rmbirb)wcffA&&d‘ﬂlgﬂ))’dle g3 4 paid YA

ol & BIS ito ji (550L8 SV game kS 5 3,Skes
sle,Kaly 51 6 (Gomiero, Pimentel, & Paoletti, 2011)
Byan gyl (65)sltS Jool I elil (JSta (pl g8,
Modafe Behzadi ) sl o =ly; sloplaspg ;5 JI slooslys
Sl JI s S oo 5 V(HA) Spoqun 2l (et al., 2018
3y Slas 5 43118 1515 olS 505 5 45, (59) (A2 bt oS
Rajpar, Bhatti, Zia-ul-Hassan, & ) a»s .o il58l 1, Jgae
Ol ¢ prg,See Callad il b Singen LS 5 (Tunio, 2011
Sy e olS 0Dy )0 S5 cage SB (s nlidel 5 ke dlge
Sl ¢yl ) 09Me (Liu, Wang, Wang, & Xie, 2019)
Slacdl o i U 1) gl g IS Sl e Soogen
il (Sofenid g (JeSge (olerdon ((Sgey9m ((Splia
25 LS b Sogun sl (Shah et al., 2018) wisy deme
o9ls Slogine 5 (ROS) Jsb 5] (sloasisS > 5l ey
Ay g 03l dgnpp plalS o 1) i Jess (MDA) sl 6o
(Garcia et al., s ad o yialsS ]y Sl lic (6pdideas
plool 3l a s 2012; Muscolo, Sidari, & Nardi, 2013)
Ay Sagen sl (23l glono 5 )kl 590 8B (g S1ale]

Al e damg sl 5 S5l sd Sluogad ol Jilize

W g, g dlge

odS gy 50 WAAIYAR _cly; Jluw b g o]
Yo bl (2)s b Saj i ped )3 B olidingy sy9lis
adB FY gan Y olilpe Job g Jlod aaBy dr 5 a5y
B > ONclul g0t by gaw I e YA £lis)l 5 (555
it w8l 13 a) S5 dus b ol Lol elacSsly 4l 2 )b
oloj b 5 sl o wkianl Kts b (gl 5 S g 5,5
0)90 b 33 (S35l gaemme 5 il d > YV Lod bawgio d !
Do o )d VYV s Cugby bawgio g o oo YV/FY A3,
ol &8 Glsieds 59,0 53 ()bl (slaygd Slejl (slales
2 05 et Sanpn dpul B e i 2ok 5
Xo e sl U b Jobee o bl Jlne pis) 1nld o gt
5 i Gl Shy (o yskitoasy Gl g9y 5l L3
Sraiilo ==Y e | SB aiges ivlojl oo SB Ll
Jols oBsily (g5y9lusS” ausiiisls oliiulojl & 4y jos > g ans
ol o o3ly (L Y Jgan ;0 S yge5] gl 3,5 Jaie

1- Humic Acid (HA)

9 0l e coma lals Syl &5 K, o cul (A,
(Balfour- s o gl il dowg Sy 3l 65000 (slgioee oy
» YU LUlg oS -yl .Paul, 1998; Gilbert et al., 2004)
oS oyl oYL b Canglio g 4l cudly s jl ey S00me A3,
DI dles 5l )3 olen g o Lalps 3 b gjloan g @bl & cus
(Sales et al., 2006) cuol olS 1) 5,Sae 5158l

B i S o )lon g oy 53 e (LS dewy
Sl g g glopd 53 Aoy Ay 9 S Bpuae el o)
(Nadkarni, 1998; Savithramma & Ra0, cewl si s duogs
9 (63 o @D cg0 Ay Cugii ¢l ol saSy 2007)
(Tyagi et al., 2010; cwlon b4 oy Shdl_s
.Muthulingam, Mohandoss, Indra, & Sethupathy, 2010)
ES o 500] (weyus Ay 5l olS () slaplil S gibio 0)las
J(Kavimani et al., 2000) 4les 50

g odd (FH)L slagsl 3 i 4 ke Sl (ol s
L Jlusuts oo SBL S0k slooygd 39800 (St
Srobged g by 4 e & 04d wyd Ol ()N Ghals
O==en (Bhargava & Sawant, 2013) 545 o0 oS )ds;
5 90y ol @l ptals” I 4 (65,5li8 50 Jluslis @l
2R3 g 5l Ol Caner @y M) e 4y 1ie (LA il
OSen aS1y> (O’Connell, 2017) Cuwl odds 4S50 i &
Ay D Egpi S35 loan] Ol 398 Sl lymw ol
Aoxyd g dg oo S p 05 L b usy ials csly o dgdzee
39850 3ySkos SEalS csly g 53 & lasliigth 1o e
J>lye » Ul 348 .(Zhang, Lei, Lai, Zhao, & Song, 2018)
Lo B 500 YO U cuwiygay |y il o Slas o]y 9 (i
o Jlesl b (5,55 5 (Mi et al., 2018) swas o yials
SIS (g LS 5> ey ey ok 00 Sl esliul LS > (Suis
cdl il 8l LS 45 0,55 LS OV e 4 dawg Sy
—lojl ,> (Sarhadi, Afsharmanesh, & Mokhtari, 2014)
dorg dBlug S SIS (g 9 (2lgn plul 3 S o il i
ol Camday ol ely; cud )b wlel g bl dopd Voo maw jo
Modafe Behzadi, Rezvani Moghaddam, & Jahan, )
15 Jlasl s ol S sSasil (s5ime 33 1SS ol 9 (2018
3yShoe cpyiidn Jolie )3 faals dg2gan Sl (ol (Sas
b ol el edil aopn Ve a3 el )5 Sl
.(Modafe Behzad et al., 2018)

b Sloodleg Jgine st Stosil 38 3] slaans 53
) ol (5350 Ln Sl 5 LaiSedl dass alos
(Kumar et al, 2019; Battaglia, < wloedly il;—3l
350 Sy 0 o Ketterings, Godwin, & Czymmek, 2021)



YAY o oy (5950l 3 S 5glgs ud Sloguas 51 Serngad dummsl (bl Jokoxo 9 (63l hlidko Z gk i i1 (omiy 2 <0300 3 (oS

SE olosd 9 (So 58 Olwogas —) Jogs>
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K (PPM) Na (PPM) Mg (PPM) Ca(PPM) EC (dS.m7) _ pH
135 315 1585.08 2124.24 5.21 7.09
Js u)g).'&y KW uJ!.aaLo KW u"'&!;s KW Zn(PPM)  Fe (PPM) P
Total nitrogen (%) Organic matter (%) Organic carbon (%) (PPM)
0.11 2.12 1.23 18.63 0.46 1.61
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Table 2- Elements in humic acid liquid

Gravity | P,0g (%) _ OF9% SJelsy FE  ocos)  N(%) ol el
Protein (%) Organic compounds (%) Glucose (%) Amino acid (%)
1
3 0.137 0.3 40 6.2 23 1.7 40
Cu (PPM) Zn (PPM) Mn (PPM) Fe (PPM) Mg (%) Ca (%) K,0 (%)
12 50 46 598 0.1 0.8 15.67
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Table 3- The results of variance analysis of chlorophyll a and b, carotenoid, proline, ascorbate peroxidase, guaiacol
peroxidase and catalase traits in Indigofera tinctoria under the influence of different levels of irrigation and humic acid foliar

application
Wl gSw] JLE
- @, 39 ,J5a 34 JSD - s i .
Ele Chﬁsoﬁ I Ch‘ffrgﬁ o RS o sy JoawuSly  SWUE
SHOAY) dd f’ a phy b phy Carotenoid  Proline Ascorbate Guaiacol Catalase
' peroxidase peroxidase
NS rep. 2 0.006 ns 0.002 ns Ons 0.004 ns 0.010 ns 0.012 ns 3.267 ns
Irr?;);i‘on 0.091 ** 0.014 ns 0ns 0.068 ns 0.009 ns 0.422 ns 32.929 *
I\L;:]niliarzr 4 0.014 0.005 0 0.001 0.003 0.125 1.870
&”I:‘ZMI 4 0.091 ** 0.0380 ** 0 ** 0.007** 0.011 ** 0.108 ** 13.831 *
Sl x d)L:J."
Seoged
Irricati 8 0.000 ns 0.001 ns 0* 0.003 * 0.005 * 0.078 ** 20.761 **
rrigation x
HA
=Pl
Secondary 24 0.003 0.001 0 0.001 0.001 0.017 4913
error
u(l:’“\; E;’)‘D 10.1 12.2 135 14.0 6.0 7.8 13.9
V. 0

o> Y Jleis] o s g by O Jlois] pdaw 1 > dze g NS
ns: non-significant, *: 5% probability level and **: 1% probability level.
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Table 5- The effect of humic acid foliar application on chlorophyll a,
chlorophyll b in Indigofera tinctoria

dowg 8 Jadg 5 1 (5 )kl lisee Zobw 1€ Jgoo
Table 4- The effect of different levels of irrigation
on the chlorophyll a of Indigofera tinctoria

ol dglme Judg,l5a Jadg b S\l 593 Judg,lsa
Foliar application Chlorophyll a Chlorophyll b Irrigation interval Chlorophyll a
(L ha?) (mg gt (mg g (day) (mg g™
control 0.3954 0.2098 7 0.5804
20 0.4457 0.2574 9 0.5555
30 0.5199 0.2984 11 0.4348
40 0.5828 0.3391 LSD (5%) 0.1200
50 0.6741 0.3740
LSD (5%) 0.05329 0.03077
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Table 6- The interaction effect of irrigation and humic acid foliar application on carotenoid, proline, ascorbate peroxidase,
guaiacol peroxidase, catalase of Indigofera tinctoria plant

ol Jaloxe 3439559,5 oy eStrSlugfel o leeSle JSLE i
. s . - Ascorbate Guaiacol
Foliar application Carotenoid Proline . - Catalase
(L ha')) (mg o) (mg g)) peromo!?se peromd_elxse (Mg )
(mgg™) (mgg™)
) Control 0.04107 0.148 0.6304 1.433 12.7
SARTS BT 20 0.027 0.1802 0.6109 1.467 23.13
7-day irrigation 30 0.0337 0.1921 0.6069 15 14.9
interval 40 0.03038 0.1848 0.6191 15 16.33
50 0.0406 0.1353 0.6618 1.567 15.13
) Control 0.03073 0.2816 0.7111 1.9 18.63
393 kel g0 20 0.0322 0.2578 0.6456 1.8 16.47
9-day irrigation 30 0.03997 0.2433 0.6233 1.733 17.87
interval 40 0.0518 0.2473 0.6134 1.7 17.9
50 0.04337 0.2133 0.6076 1.633 16.1
i Control 0.03287 0.3791 0.7786 2.2 22.7
SIARRTSIBTE 20 0.0385 0.3385 0.6957 1.9 16.23
11-day irrigation 30 0.03963 0.2851 0.667 1.833 15.03
interval 40 0.03877 0.2611 0.6254 16 13.67
50 0.04197 0.1462 0.6018 15 13
LSD (5%) 0.01079 0.05329 0.05329 0.2197 3.735

So 3 Canl 0ad el Spogen dpl by clale LD Lo lS
Spoged dol (2bJgloe (I3 L ok (slog) olS (69 (Bud0
Keshtgar khajedad et al., ) il (il5-81 Lo Ldg,5" jlids
Sl Jlade ialS g oylol je3 pilisl Kod Lislejl )5 (2023
S8 Jdg)ls wile (itimgid (baojiSS) (il s Shogun
28 Jodg)lS Mdo cp it &S g psboty 13 Dl 3] 65 (yin>
39y B (Sid (S CoS Snged Sl g 3 p)5 e YO Jlas
.(Dalvand, Solgi, & Khaleghi, 2018) 4,5,5 eanliw
353 5,18

3 ol it ;31 5 S paged dpol by Joono
T > o e 33559y (liwe 2 Sage gl (8L Jole
danlio (Y Jods) 290yl mize 40y 0 g lopd V Jlois]
ol L o)ll ) a2 )0 €85 amid i Sl

Slyome Bl ()9t A6 Joaxe 4S5 (ol cnlply

gise dipxad ol S3iegt S wle Gl o] gl
AL Jymaze 5y Slas g 09500 S9dume C]mg S
4o yoie lg5 oo oS lawgs (ol polie o il b e
Lo yed sy o Hlas 4 (GU et al, 2016) 33,5 |dg,lS" i3l
2 St G W g 4l (5955 Ol 5 aliwds w6 )l
ke oYLy (S 53 35 alys LIS, bl anls
oty JolS kel sl 3 ol Slog olS (s ptwgd slao S,
ol awlS 1 jlade 5l T i Jlesl L 4 laigS 4 sl
Keshtgar Khajedad, Sirousmehr, Khammari, & )
Olie S sl 5oL slaclale j> (Dahmardeh, 2023
ol JLsd a5 4l Jalidl (i dlen Sl ke polie o
e g 38 oo ial58l o) oL Jiwgd g J89)lS (e



VELY 5wl F o)l Y als oyl (815 Slewidois apnis YA

Ferrara, Pacifico, ) uib o (Sis (a5 sile  Jae sl i
(Simeone, & Ferrara, 2007
st il gSaal

Hlodep S Jleinl gdaw 1> Syogen ol (b glre S
o > Syogen sl (il Jlons > (53l i ¢ bl
W 5505 % olal )93 5 (¥ gan) 39 o siae 2oy & Jlozo!
Seoged donl Sl Jglove (2581 L Sl el ko oo,
o 5930 559 okl 493 50 S gpsboar ol adly ials
905 0ds prS eSS hke IV cuian) cis ol e
Sl (Bl Jglore pas Jlod )3 (5 0 )5 2 P ke VYA
72 prS ke 15VF ) Cdio pl e (5508 g Siagen
e 33 (=5 0is P s prSke M g 5 iy o)
£ Jgi2) dol cuwdey U8 po 52 0+ 3l Jsloo

JE2 lads S G (g8 ABle Bpanyy polic 5,8
oy 1o olalaeas| sl cclale Ll sl ol j1 5]
o=l -(Aslani, Barzegar, & Nikbakht, 2019) s_»> o inls
oty 5 03503 (b3l 1) ()T Jlub loisS oyl 2l
JolS Las cage aom)d g ddd o0 (BB 1) ()95 (gmlins]
Waraich, Ahmad, & Ashraf, ) 45 0 cudlg S lis
s g oSy (St i ) adllas b i )5 (2011
9 S > Seogd el & 3505 (515 Sogan Al jlos
Lais «)9,0 OgmolienSy lgme (EalS 4 pocie orBll Ay,
Sl 012 a1y w3l b line (I3 g Lie (6 pdidois
conge cylal 4o iali8l bl y (Garcia et al., 2012)
L1 3 55, 10 (5Ll 593 3 STy el ysSol cllad ol
Akbari, Jalili, & Farokhzad, ) o555 jo=uj yiue 9 5)lo
a3l o ) s dan Al 55 Siaged Ayl 5,08 (2015
Elmongy, Zhou, Cao, Liu, ) cul oad @l yeSul oo 351 cullad
(& Xia, 2018
sy J gsbils

Ssaged bl (8L gloe Sl 40> (Lt (uilly 420 @l
JSLE (liee 5 Sooge sl (o3l Jglors 53 (5l Llize 51
oSl yy ol (YL Codled (1 Jgiz) 351 o stme ST
g oad Seid i bl s Jolw clacuwl LialS ecl
St QT plp > Fee (Bl muile S e Wil
by Lss gbs (Rostami & Rahemi, 2013) 54 48,3 Jlas 4
STy JSUE o (bl Jgle (2131 L 55,V sl 90 0
Ol L 5oy W 5% (bl slajgn o hlie 5 5 4ty 2ol
Cowl ail ials can ol it Shogd dpwl (b Jslos

1- Evergreen azalea

45 (slasS o Cowloand 03938l a35g)lS jlada (2L Jglca
29> L (5 0ig P05 3 poSides /- BVA) A595)18 ke (it
e 9 LS 3 ) Fe Bl gl Ll S )3 5, % ol
Vel )9 L (5 0js 35 3 p Sk /o YV-) g0s)S e
£ Jgiz) dol oy S 5 I Yo bl Jslomo Lyl 55 5o,
gobaw b jiwgid | clablone 4 juin (g oo 1) 45959, 3o
0> e iy elygls axdl Ly y95 5 Jgbo 5o ol
sl S coysby yials aass ) (Sandmann, 2019)

Ghorbani, Galeshi, ).a_s 3556 olS > 35455 yiul5-8l
O Jido,lS 5 W3454,l8 iul58l (Soitani, & Zeynali, 2011
Elfeky, Mohammed, Khater, Osman, ) a5)ls jiw ;3 oge
Sladlissy SO oo cely Siogun Al (& Elsherbini, 2013
9 PH Jlie Lials Lo ab cowl o Son aS 29 0 (4 jiungid
Sl gt (g3s0 dlge a5 AL S Ghgsge culld yil5él
ial3l 13 (Latif & Mohamed, 2016) 48 oo 3151 oyl wile
75 45959)8 Slgome 9 IS idg)lS slgime Siagn el i
Wlgs oo Spogm dal 55,8 (Al et al., 2021) Wb o ]38l
w2l Lialisl L ooly aalpdl 1y g IS aile iwgid cullad
Latif & )uaas yilidl juis byl b o) Jeod oSus,
Jlesl b Seoguts sl 0b5 3,8 5,155 55 .(Mohamed, 2016
A0 G ) 15959)18” l3e csybx 5 59y 2 59y VO syl
(Dalvand et al., 2018) cusl 23,5 o> sals
oo

ool blito 1 5 Ssogen el (o3l Jolono 5 55l gshans S
g 2 33 Gl @l (Y Jsia) 35 )i Gdo Ol 2
LS (g e Seoged ol (3L Jslone Gial3H b ol 1
e )bl 59> Gl381 Ly (o3l Jslone 3l o 2 gl 5 il
LS sl T gy il (5 Jsn) b Gliél oy
oo 093 S Slytome Lo g s 059 el il
So,5 0LS 69y o sladllas L (Yang et al., 2021) 59 o
ST 5T 5] el (S i Jlesl 13,5 asuie
De Araujo Silva, Willadino, dos ) sub e isls8l e,
Olie 593 Ladss ) .(Santos, Oliveira, & Camara, 2016
Keshtgar ) ceily islj8l (ol (55 Jleel b obaw slog ooy
Uiy Sl g0 s 80,18 9 4]y (Khajedad et al., 2023
o oubL.{ U"])’L‘” WWgud o Flww uLoﬁlf FL 4 J).u.\m oole
035 (St G5 bl )3 bl i G e ol
Gaw 4o gy A e ials (Paleg & Spinall, 1981) ¢!
a olS i isu v blas lals 0 S swl solitwl



YAD . dowg (555l 3 S 5algs ud Sloguas 51 Serngad dummsl (bl Jokoxo 9 (53l hliko g i i1 (omoy 2 <0302 3 (oS

Khodamoradi, Amiri, & Dovlati, ) s_s 5,8¢e5 5 YGI
(2018
(Fe) sl

Jlize 31 5 Spoget sl (Bl Jsloo 9 o)l golaw ]
I3 docug olS D woyd Y Jless] o 3 oyl Jlade p L]
Clale 38 59y % g 59, ¥ s)lel )93y S psbots (Y Jgi2) 35
Oy &S gyeboay ol iulal 1y el Hlade « Siogud dpwl 1oL ;
ildsloe bl b o) 3 )bl )93 5o (PPM Y/EVY) ol jlaie
(PP VADY) ol e (32208 5 Spopen syl 1S 5> 20 0
Syl LS 3 2 Ve bl sl Ll b 5, ¥ (ool 590 5
3 oS cdale 50018 56, Y ()bl 590 50 Jg el Caundts Spogut
inios 3 (Ve Jgis) 3l Lial3dl |y oyl ke Seagen Aswl
ol ol e il corge Jiy 5y 55 Sxogad sl 3,8
.(El-Hamied, 2014) ¢l
(Zn) s,

S5y sy Sposen sl Bl Jslme Sl g ol gsbaw
e dowg olS 0 doyd Y 5 dod B Jleis] maw (5 ey
A dewg ) (59 sMe Ll Ay oo a3 4 (V Joa2) 35
Jiz) Seaged syl clale (1315 (A Jsiz) o)l 590 ptals
b 02gy (4

cadld ulidl ceage wslel 590 GRIBI iilof] 5 (5 o)
e 5 ke pLE)1 13 59y V0 (o)Ll y93 3 jlanSTy JSLE
(Akbari et al., 2015) 15,5 -yo;
SYGls

Hlie 151 g Songen ol (o8l Joloea g (5l gk b
292 Yo ine o (ol yp Spogen daasl (Bl sle 3 ()]
38 Ll 331 L 5o, V)bl 59 p3 48 45 aseda (Y Jgie)
Loy & (sl y9o )3 eobo a3l VLIS jluide Shogen duwsl
d)bu—:‘*‘ C:9Lé.’:' u—’*’L’J%"“’ slclale 5 )‘\/1315 uu.mlg d>9
odnlido LS o ;) Feog Ve wald il Jolore maw dw oy
e (b gbxe (I35 b 59y VY (5Ll 593y pinen g i
sl ST (ela i s (F Jgis) ol Lials sty jYLK
Sl b Cunglio 50 048 o bl 51 cdleb 5
Slgs o (Suid byl pd 3 YL asl58l ] (Sis (55 4 pl6)
S S Joe gttt GpulSe ) lisd (i Sy Glyea
305 o i 0y93 (b > Mg IS Ay ol e el
by gl bl 25 o (Ghanaatiyan & Sadeghi, 2017)
ae sla JS00l, il w4 JT sladgS 5,8 5l )3 olalS
Yadollahi, Asgharipour, ) cul :j5mSTas clag 51 ials
cel Sogd w38 plpls (Kheiri, & Ghaderi, 2015
;3 (EImongy et al., 2018) 395 0 ;YBIS o 3l cdlad yiol38l
o alas Mo b5 il s Smgans dnual e iul38l s

Sz sl ol Jolone 5 (6l oo o ;5 Cou 9Raial (Giona g yhwd 5 wanliy G9, p] Clino (il ly 41525 W -V Joan
Table 7- The results of variance analysis of iron, zinc, potassium and phosphorus traits and indigo content under the
influence of different levels of irrigation and humic acid foliar application

5 e gMlaayy ol &9 ey Sd Rl gt Sy 3 ySdos
S.0.vV d.f Fe Zn K P Indigo content Leaf yield
F{;‘; 2 0.005 ns 161.859 ns 136.44 ns 0.047 ns 128.623 ns 113451.699 ns
. ‘”_L"J" 3 0.368 ** 638.391 * 1640.665 ns 0.239 ns 22.796 ns 1130380.693 *
Irrigation (1)
“\'.ol sl 4 0.009 36.231 912.616 0.052 19.052 135047.276
Main error
d‘“’:;; el 4 0.234**  2815.403 ** 7077.236 **  0.236 ** 95.093 ** 735825.470 **
Ssoget Lol X (5l
IXHA 8 0.139 ** 17.711 ns 723.100 ns 0.092 ** 19.290 * 140504.794 ns
b sl 24 0.011 44.627 466.798 0.026 6.118 86471.457
Secondary error
e 49 6.7 15.8 9.2 7.6 8.5
C.V. (%)

woyd ) Jleis ] pdaw s g lopd O Jlosis] e 1 > Sxe g NS
ns: non-significant, *: 5% probability level and **: 1% probability level.

393 VY olesl 453 55 (PPM AY/EA) (g9 lado oy y—eS g 5o,
= Soged Al (8L glore 3B 3550 3 (A Jgaz) el Cuwsay

gsb U5 Cond g9y Cio o W Sile e duslio 5|
Vo sslal 59355 (PPM VFIY) (g9, Jhade oyide (oylel calises



\ioY’,.;.gb & b)wcffﬂe‘cﬂﬂl u.cl))"sle g3 4 paid YAS

Davarpanah, Tehranifar, Davarynejad,) .5 ,Ul Sy )5 (59, 0+ (b Jsbro jlos ;3 (MWA/Y PPM) (g9, jlido oy i <59,
Sogud Ll 55,8 picmen (Abadia, & Khorasani, 2018 2 (PPM YY/AF) (g5, ylaio o yieS § Shoged duml S j> s
El-) as JWy, loogee S > g5, pats clle (il cage 24 Jga) ol cnay Spopn sl (2L Jslowo pas jlos

.(Hamied, 2014 I ime Liolisl el Shoget sl (5L Jgloo 1 odlatul (le]

dowg LS )3 S 5, Mos 9 (Z2N) g9, 32 5okl Aieo Zobw J1-A Jgs
Table 8- The effect of different levels of irrigation on zinc (Zn) and leaf yield in Indigofera tinctoria

&obl 593 Zn - &9, S 51 5,Slos Leaf yield
Irrigation interval (day) (PPM) (kg ha't)
7 104.2 3663
9 103.8 3476
11 92.69 3122
LSD (5%) 6.102 372.6

dowg 0LS 53 51 3,80as g (K) mawliy dZN) (59, 2 Suogad damwl (Sl Jglome 51 -1 Jgua
Table 9- The effect of humic acid foliar application on zinc (Zn), potassium (K) and leaf yield in Indigofera tinctoria

il gl (Zn) &9, (K) iy S 5,Slos
Foliar application (L ha'l) (PPM) (PPM) Leaf yield (kg ha?)

Control -aals 72.96 98.22 3182
20 93.91 123 3125
30 106.3 136.4 3374
40 108.7 157.1 3633
50 119.2 169.3 3788
LSD (5%) 6.500 21.02 284.4

douwg 0LS 33 35yl (690 g (P) yhuund ((FE) (32T 31 Siogud sl il Jglome 13 (g,lT Jliio w51 -V + Jgua
Table 10- The interaction effect of irrigation and humic acid foliar application on iron (Fe), phosphorus (P) and indigo
content of Indigofera tinctoria

il Jgle (Fe) ol (P) yhawd $5a ] oo
Foliar application (L ha'l) (PPM) (PPM) Indigo content (mg g%)
) Control 2.058 1.148 28.23
50 Y @bl 9 20 1.851 1.532 30.12
7-day irrigation 30 1.946 1.259 34.27
interval 40 2.296 1.808 35.58
50 2.452 1.806 39.32
) Control 2.192 1.929 30.74
598 olel 9 20 2.461 1.71 31.29
9-day irrigation 30 2.201 1.502 3141
interval 40 2.368 1.836 31.75
50 2473 1.99 37.12
) Control 2.258 1.994 24.49
5900V ol y90 20 2.307 148 30.72
11-day irrigation 30 1.963 2.022 31.77
interval 40 2.036 1.924 36.37
50 2.185 1.915 31.9
LSD (5%) 0.1767 0.2717 4.168
Snsed gl S 3 2J B b Jsle Jlasi 3 (DPM VSAY) (K) scali
el (b gle pas Jlosi )3 (PPM ANYY) ol Jlade oy oS ot Smgad Sl 3l Jsloe 318y L5 il g 43 gl

3 Sage dwol 3L (A Jgaz) 403)5 cdl oo Syl ime 1o pd N Jleis ] pdaws 55 dawsg olS )3 muwly liee

Snget Syl o3l LRl G 1) oaliy 20)d (e 38 i ialdl sl Soged Aol b Jsloxe Lial33l (Y Jois)
5,135 » (Daur & Bakhashwain, 2013) ccwl ools Lis oaolty e Ty A g pgbods 13,5 dag oS 3 poseslis
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glost 3)LS 5 95l (sgime (sl ()l ime 5l liies ;S0
&L Elgl 2p)8 ()15 55 Je plyieas s o Ui |y badgS
10l 5 159500 g (009 o> o 255 Joli (sl
2 S enl b Al 6y $A0] (59 3 (2P BB sl
ol cel |y $a ) do)d oy iy CawgaoS 0y9 5 (o0ld 265
(Modafe Behzadi et al., 2018) c.l
daiug oluS S yu 9 Slas

el (i Jgbme il g 5 (sl il g
dlie (Y Joid) 39 I3 ine dog S 0o Siogen
2 Shos (a5l cage (o)l 9o Ll amd oo (Lt oSl
Sy 0, Slas o oy il a5 gy0bdy ol o douwg olS Sy
> ,8Mas e a8 5 59, Y (solel 499 50 (KQ hat YFSY) dag
ol ey 39, VY 6yl 493 55 (Kg hat YAYY) dewy S o
S Banlp gy S dbulgay S L3y (A Jsie)
Loy ol olye JUESh (il piwgd jdal olerdon 9
oS Sid (g Syt 45 (olis dlgo g Laodygl b pudgilia
yobdo il b oyl o (Kafi et al., 2010) wb o 3856 i
Ly a8 il o (o piuod BB Ol (5l g 1o 131 Cot et
4 Dl i 0LS 5 o0 M3 s a8 ol el 590 a8l
Emam & Zavareh, ) 1ol cowd SLid ool Jouwily jiSlis
Jide S2aLS L dorusy Sy St 3 )Shas )y o0 (2006
el Jgl o 50 cslyj cadyls aoyd oy dop Vee o)l
odaliie Sy 3y Sloe il Mo > YV pgd o 5 9 Cdl o> YV
Jole 51wy 5> (Modafe Behzadi et al., 2018) cuwl ou
ORI A3 )5 pgtas dawg Sy 3y Slos 1y Sngen ol
oy oLeS S 3 Sloe il carge Siager ol (o8 Jole
il 5 S s lian IS 55 (8 Jy) il 025
AU 5 Ggepsn Sl oyl plals 3,Sles (Jido IS e
3o G331 5 0y Shae ey (T sl Jsbo pudpl
.(Nardi, Panuccio, Abenavoli, & Muscolo, 1994)

8 5 4o

5 bl s poas (1alS U )l Job s

e a8 oy Lt demug oy Suaged Sl (3L gl ol
Sl G581 iome cal aly (38l g9y 9 b g @ L8y
bl g 2 S deg maly (Ll col Suagn
9 35559)5 e Saogud dwl (8L Jolore l381 b wd pascitie
Sgdnid Cluogad I (Sl Gl 5 Sl s
JsSLE 5 YU laasTyy clysSol g aiile domy 500
Spogen dool 3l glre G131 L o)ll o y 53 lausTy

oy 3 ine 23] s Sangets S 3 Jalone S0
(Davarpanah et al., 201) .5 ,bl S,
(P) s

1 sl Jolite ;51 g Spogun syl (b Jgle 4]
Lo ) Jlis] maw (0 j0ud aie p Seogsd dpwl (b gl
ymaie HlAde oy b uSike duslis 5LV Jgia) 29y b bxe
Yo obbdgbre bulyd )3 59,0 )bl g3 51 (PPM Y/-YY) yaud
VIYOR) yid yaic Hlade (pyieS 9 del Comday S ) i)
S 55 sl Ve bl Jslomo Ll 53 595 Y o)kl )9 51 (PPM
Sogat dwl (S 30,8 (Ve Jgio) ol Candty Sioguts sl
Giee 5 aigs sofasl g Jyb oy Shos (s, 1 a5 5
Asgharzade & ) couwl 4l ;6551 olacS y yaus yal (eanliy
w3y 015y (69 Sogad dwl 5L Jgle ((Babaeian, 2012
[ LsJl..\.c .)‘99 u.).> 9 Ls)Lmd?.\J dlﬁ’u”l“’ uw‘)sl p&l; 9&.&)[{
—5,l% »» (Shaaban, Morsey, & Mahmoud, 2015) ¢!
(GHhre 435 290 9 )5 ol Ol e e el Gl (ol
Daur ) 15,5 35350 b line Liul8l cely Shogud dlgo 54,8
.(& Bakhashwain, 2013
SSauial s giae

el iz 1 5 it gl 53l Joons ilisen gl
g 3 e 5Kl 03l 1 Suogen ool (3l Jolos
dolio (Y Jgin) 290 Jb mre o) B 5 Aoy ) JLain]
2505 Gl L o)l g o 53 €8 a ol oo oSl
45 gyebdy ol 4l i3 8l $Su il (gaivre Sogu Al
Vbl 199 50 (p05 2,5k YAITY) s50ts) (sime iy
S5re (S 9 LS 53 5 O (b Jgloe Ll )3 5,
Lulid 3 5oy W oll 593 03 (P25 2 p S shee YFIFR) g0
O (Ve Jgden) deel cwddy Sogan bl b Jolxe pas
JLasl ce g )3 GialS dadjey b diws Jud 5l ool  Sis
(LS slacél o Ol Jeanily oaalsS (lals o olie dlgs
sl Sl gaz8 ) Gl by I (SH03L srngd el
o g ol el JISGnly LSeis gy (olaunST 5l (slag 5]
oo bl b o lals as Sl 1id oyl ol yon 4 1 golas]
Ciliss gl lacdplio 15 Gl | S o 5 o
Sayadi, Ahmadi, ). S o b byl, s ool 5] oLssgs
ol ol Jlade wyp s, (Bhour, & Hosseni, 2014
a2)S Col 4Bl Sl sy p (Foli (slalaaMo LB j5boas
slaips 50 e ian Kbl goie o ALY Lials cels
=L (Modafe Behzadi et al., 2018) u_i dowg pgd 9 Jo!
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