Journal of Agroecology

Vol. 12, No.4, Winter 2021, p. 651-662 i SBV-55Y o IFAR (hiano F oles

309l (ol p oy & i

A ol

FUURPRIN: 1 [ PPEISN TP VRN I SV 7 R AT PR FPRE - AN PP IR g

dﬁrs o5 Jyl i s (Indigofera tinctoria L.)

Talgisdee w5 TolB e 5 dlobe 5,8 5 4l
\“*V/'/\/“; :g:,‘éli)J 'Ci)U

MAVANA SREFR G

douwg w;] )‘.P ).3.3 9 ;f)). uT d).\a.o ‘_s.Jl)lg 9 ).3.3 9 Sis ;f)). b)ﬂa.c u.)b))l Avaq “B ‘AI}JJM 9 @& ‘bl))d»y w8 ‘d)&w)
SON=FEY ((F)NY (650liS wlidipgr . oS 25 blys > (Indigofera tinctoria L.)

2>

HLals cils b wlgay O 1 i o3kl ( alS Gy )bl & obcws cas (Sen slroly | (SO Siiddos 9 Sid sblo ,
& ol Vo 03l I mio — gl g 0dd beal 3 ol (Indigofera tinctoria L.) aswy b o yieS o 5 b oo 4 Josio
L ptalojl ol 29 0 00latisl o g g0 03y Cagii sl 36 5 slodg) mlwl § S (S o> sl Tt b 3 5 1SS el Caio 3
AYAF-R0 ¢ WAAYF el cla Jlo b 5 dewg cisS] e Ol Grae SLS 5,0 g Sis Sy ySlhee p oleS (i 1l wyp Ban
3 ool €5 ol i T ol il € s 53 55 4 b 35L5 JaS slacSsh £ B 15 3,8 (oS gt
domg o S5 20> Voo lie 000 (0 5 5 4 ldg) () i gST g (o Sl Mo )3 B gV Vo) (oS (15 el s ey o0 8
S 29 ,h 9 Sy aSlac b p ol Gpae LS 5 )k 5 Slae oy SKid S 5 Shae Jolis anlllas 390 Slis 3L o CaSoyio FA++
oy DA gV 1y 4l 5, Shas 5 2oy Y g A cud g |y Sis Sy 5,Shas (s Li5) (ol 5L 3o pd B g (meMo (455) YO (55 &8 ol L
Ol Gpne LS 03,8 Sy Ol Grae ol)S (ca0)d OF 6 VY Lil35] Coge cud iy 1005 g oMo Gi5 puiomads 3l ialS wals & cos
Lylyd jo bl olyen a1y j2ol)l (pl (g )d Vo ialS i il Jleel a8 b jd 8l yioliol ao s Ve liedy qeadle (i baylyd jo 54
YYVVD LS 3 )5 5kS 0Y /% 5ads (Sloo y5bots oty « S Ol Gpame (DI85 g 5do g SUiS Sy 008 iy b 5
ang by piagh ol jl ol @l (elel p 29 )bag) 9 oy Syl 4 baiye cuStayio )3 )5 s VIVF o )L )3 p)5 5L
«odbuatl J555) 55y 9 Ol Bran )3 (o Cojgme b S g9 i S0 ik g plo)S s SS9 25 el Ll
Y goasme g puiS bl jlan g ol Jad )0 ol (o L L (LS gt ) dssg s Jlogy 5 i lacuiss 298 (o dleiiy
iles cuiS (g3l

ol olS ok g S al ol Bpas LIS ((Sis i 1 galS sWejly

Reddy et al., ) oad Cgmomo (Soybd> 5 (£l ely; LS g
3 S SeisIsze et S dlaulger 45 (2004
a3 oy 5l cou ) oS 5 Slas g sl ¢ omadgrlio Y3
51l 5l a8 enliul ¢ sblie oyl 53 (Claeys & Inzé, 2013)
SeileS 4 ity Joos g a8 Gl o b SLLS anws o )b
Sl 5 el & Db gl pue g (uolusl (sld ) dlox
ldlpe Cusbgo 4y 495 b .(Maleki et al., 2013) ail o aJes

doddo

0aiSdgame Lol Jole TS «Sitdaas g Suis 3blie )

Ay olSild ¢ 5,9LiS” 0uSiily (g59lsST iulS csly; (6,8 (ommatily =)
Ol ey il
Fbls dpd oSl ((gjyglisS 0uSiily Wlils Mol g caslyj 09,5 Hluiily =Y
el egless
(Email: e_tohidi@mail.uk.ac.ir 1 e 0 My g5 %)
Doi:10.22067/jag.v12i4.77250



AR by Foyloids Y ale (6559l ol pgs 4 pits POY

I Oladinds 1 oolaiwl oS el (g jtuwsd Jlad Oladads
olals 5, Slas by (adls Gials ol ) 5 (s wgd
Earl & Davis, 2003; Barnabas et ) aad o SialS |y )l
.(al., 2007

ang olS (25 (SG5lgid (gl o Pl (sla(gw)y
sloplil St g (Ll dlojo )0 Slpis oyt 13,5 518
035y Bl g b Wlhux a3 S Blol )3 5 009 (Azeddes
Jole w555 12 156 25,5 o bzl o> (Kremer, 2002) el
Ll mas s 1y sate (s505 scalled gy b 15
9 O£ oliw e I Jiedd g slaplul slaws o JuSis o 2 IS
G iy dne Lwly Cpod )DL o )8 Caua |y wiby dlass
2901y (25 5 5993 Jole 53 l S5 41 das oS Sl
(Taati et al., 2014; Mohammed, 2006) ksl 1,3 _\_gb
Sy oS5 g (el 298 iz obaws Sl gy b pplizea
FiLY BWRATON uu)l)f doung olﬁf k_?){ 9 ).:\g ))S\Lo.c dl))I 9 D)ﬂo&
ol 058 Y Gpnn byl s 3 olS ol Sy 0 Sloe oy s
Cewlod b J ol g pogo dd e Ve oS5,
(Khorramdel et al., 2016)

L gt opl cdowy (cixiuo —(29)b oLS Cuonl 4y angi L
(St 5 llyd 53 pla)S il S Gliopd )3 @y sl
CdlS oo dpogi S olS (pl ST np (B polaied:
el Iyaley eyl s ol (6551 )0 LS oy

L i) 9 o9
Sliios 3550 ol adye Gl o Gileil ol
9423 BV o39a00 3 ly (lo)S Cgir (b @lie 5 (55y9laS
L s (o atdd ¥ g dad ¥FY (3,0 Job addd T
=20 o WAT-AF el Jlo 90 (b o dbyd mdaw 1 e VY- glas))
—o9d) bwgie Bl b ) 390 Lol Sl 1al AYAF
Dy uices j VB (EC) (S8l colun 5 YA atssul o b
2> Y0 i lafl gl Lo 5 (S5 5 o> ik
- b a3 YOI Liolesl pg Jlw 13 g yie due VOY 4 31,5 ke
25 LS Sygonr Ghleil () Jsi2) 29t ek VY 5 LS
S 05 Dl S5 o b ol JolS celacSsly gyl L 5 00

Lol 58 Siddas g St gblio oy 3 a5 ol (codldl
Coeal jl i ol 4 )5k (alsS Gl (O gl s
by (St 4 pglie alS cusls 1 aoj¥ 5 cul Hl5y65 0 (slodg
9 o ogas> oyl (Safarnejad, 2004) 1ol o o5 o 5L
9 =o)Lyl bloday (Sis a Joode (g9)b lalS !
.(Omidbaigi, 2008) Ll o Cuenl 3l solaidl

slaseS (Indigofera tinctoria L.) aewg 04 jigelyd olS
ol $LoyaiS I g)leme 3 9 Cunl SV, 0I5 I e )|
i o L)) soan] S5y g sl i olS ey
b —dle olS S plieds rizmen 5 (Clagus (5l )
Luiz-Ferreira et al., 2011; Puri et al., ) 53,5 - cilS
S5 ) 355 Sl oty (Lol 5ly5 slasisS (2007
Lol g i gogy 435S Jolis i oo cdlS (] (rbe
Indigofera ) J—s| 4565 5 ¢ (Indigofera tinctoria L.)
s 29— § (535 o S0 yel oy (suffruticosa L.
S dawg oS bS5 1D 29390 0,350 o0l (Cardon, 2007)
9 gl 3l e o8 A3l IS0t 435S 8IS iy 4y Clulie
Feeser ) 1S’ o o3 | «o30an] 5 o S5y 0l gumsliuans]
whicuew ly dowy (LS oylac i by (etal., 2012
pwleal Leys (Bangar et al., 2011) ud K5 oloyd oy
e Ay Cyeii g (Elghazali et al., 2003) los,,
olS ol ji piored g o duogs (Muthulingam, 2010)
0959y 99y 01929, (195D) M99 £ L Iy
.(Annie Felicia, 2012) 1ib o (Jgyiloguw g (pawg,ds

Soid g pyS Bblie )3 dag (o = Sg)l ol cilS
Db (Vob ablu glays bl ptilpl g o zorS «d e
Seid g ppS bulyd 4 )55l (LS dex 5l deug olS 42 )51
ol oS G5 4 gl il 5 S5l alsye 5 Lol el
oo 3 B T 4y o taod ol Sy a5 sl ipen Al e
Ontisee biwly cpen 43 (Taati et al., 2014) cul p3¥ 20 5
9 3 Shes lial (S 0395 3 Slas & lodges (1)15S
) 5lie e B 5ty (K55 e pogdle 5ol (s550e
Ui g (Angiliny et al., 2007) sl o 3b) Joxo Joloe
0355 dowy (glabo ~(29)13 ol 0395 Cumj (LIS Carge (SuiS
i sials )bl s iy (Sarhadi et al., 2014)



4~) A PYsge uT G pan 2 g 500 9 S F o Slas by ()80 g (5, K,

A a8 S el )0 e 90 )l o g e ) 9 VD i e S gean (Jgmamme (o 5Ls doyd B g VO o) Siis i
sty g ooty b s Jold (ol sy a5 S alB  JLisg, b ) ey i) a5 lol 550
5 LSl o alols ad aid )3 L 5 e85l plgisa ()

Oilejl Juw 93 )3 Sl (il g wilialo Lod g (Fi,b a0 —) Sy
Table 1- Monthly precipitation and temperature as well as annual average in two years of experiment
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Table 2- Analysis of variance (mean squares) for drought stress effects on yield and water use efficiency (WUE) in
indigo ecotypes

255 @l @il daays  Sp S o 24 38es Spoldpa g5 ol dpa ol
Source of variation d.f Leaf dry Seed yield WUE eaf WUE seed
weight
J 1 6365193.07** 156705.75%* 0.11" 0.003**
Year
. ("JLM)) S 1839949.7 122439.5 0.05" 0.003
Replication (year) (Y)
S B 13804858.7%% 126942507+ 0.96%* 0.005%*
Drought stress (D)
D xY 2 47016.7" 9241.9%* 0.002* 0.00006**
ks 8 440705.6 6200.1 0.001 0.00003
Error
id 3 5666295%* 54119.5%* 0.17%* 0.0015**
Ecotype (E)
Yx E 3 53308.2* 734.14* 0.002* 0.00002"
CudgSTx a5
P 6 17971.5" 1570.3%* 0.004** 0.000004"s
DxE
YxExDt 6 9660.9™ 325.1m 0.005™ 0.00001™
ks 36 15142.61 422.11 0.0006 0.000011
Error
St s 22 3.66 2.62 3.69
CV (%)
I OB pus S
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* and **:Significant at 5 and 1% probability level, respectively.
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Table 3- Means comparison of plant characteristic of indigo ecotypes under normal and drought stress conditions
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Treatment Leaf dry yield Seed yield Leaf water use Seed water use
catments (kg.ha™) (kg.ha™) efficiency (kg.m™) efficiency (kg.m?)
Jlw
Year
2014-15 5290.3 513.63* 091°* 0.0832
2015-16 5885 606.93 * 0.99% 0.095?
s PN w.‘.;:;
Stress
aals 6263.94? 74731 0.76 ¢ 0.09°
Normal
e A5 5731.32° 630.02° 0.93° 0.1
Mild stress
A O 4767.65¢ 303.50°¢ 116 0.07¢
Severe stress
LS|
Ecotypes
o 59982 @ 614.8 2 1.02° 0.098 @
Jiroft
k35 5885.97° 586.7° 1.00° 0.093°
Roudbar
@S b . 5699.85 ¢ 552.01¢ 0.97¢ 0.087°¢
Ghale-Ganj
o5 4766.53 ¢ 487.6¢ 0.81¢ 0.077 ¢
Rigan

L5005 g )b xe gl duoyd gy Jless] grdaw 1 (Sl (el x> 90T bl e pa (sl Sie Bg s (ol clacySile cygiw ya %
* Means in each column, followed by similar letter(s) for each component are not significantly different at 5%
probability level, using Duncan’ s Multiple Rang Test.
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Table 4- Mean comparisons for interaction effects of year (first year: 2014-2015 and second year: 2015-2016) and drought
stress on dry leaf yield, grain yield and water use efficiency (WUE) of seed and leaf

, . s ol dpae oI5
&.«‘;&5,.3:,110:. ).\.gb)ﬁo& Jﬁgld,\mug‘blf .
”»
Leaf dry weight Seed yield Leaf water use efficiency Seed w?ter use
. 1 1 3 efficiency
ey (kg.ha™) (kg.ha™) (kg.m™) ke.m™
St (kg.m™)
ress Jo
Year
Jgl 92 Jy! 92 J! 92 Jg! 92
First Second First Second First Second First Second
Aol 5944.1 *b 6583.8 2 688.4° 806.2 2 0.73f 0.79°¢ 0.08°¢ 0.09°
Control
“’f’m o 5405.5 ¢ 6057.12° 573.0¢ 687.1° 0.884 0.97¢ 0.09° 0.11°
Mild stress
e A 4521.3¢ 5014.04 27944 327.54 1.11° 1.21% 0.07°¢ 0.084
Severe stress
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* Means in each column and for each parameter, followed by similar letter(s) for each component are not significantly different at
5% probability level, using Duncan’ s Multiple Rang Test.
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Table 5- Interaction effect of year (first year: 2014-2015 and second year: 2015-2016) and ecotype on seed yield, dry leaf
yield and water use efficiency (WUE)

SUid S 2,Ses FROFPLI 5,.3;3‘;.5,.@9&‘)‘5
Leaf dry weight (kg.ha™") Seed yield (kg.ha™") WUE Leat (kg.m™)
euiss] Jlw
Ecotypes Year
Jy! 92 Jy! 92 J! 9
First Second First Second First Second
MP 5666.1 " 6330.3¢ 56744 622.2° 0.97 < 1.07%
Jiroft
k355 5588.2 4 6183.7° 540.2°¢ 6332° 0.96 ¢ 1.04°
Roudbar
&S ol . 5479.5°¢ 5920.2¢ 513.5¢ 590.5 ¢ 0.94°¢ 0.99°¢
Ghale-Ganj
‘.).Lie') 4427.4¢ 5105.6F 433.45¢ 541.73 ¢ 0.76 ¢ 0.86°
Rigan
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* Means in each column and for each parameter, followed by similar letter(s) for each component are not significantly different
at 5% probability level, using Duncan” s Multiple Rang Test.
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Table 6- Interaction effect of year and ecotype on seed yield, dry leaf yield and leaf water use efficiency (WUE)
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R Leaf dry weight (kg.ha™) Seed yield (kg.ha™") WUE Leat (kg.m™)
Ecotypes ald oo OIS ad i bl L ald O
Mild Severe Mild Severe Mild Severe
Normal Normal Normal
stress stress stress stress stress stress
"‘3’9 6659.6 *2 6199.4 ¢ 5135.7¢ 812.7° 689.3 d 3423h 0.81f 1.00°¢ 1.25%
Jiroft
k35 6583.122 6008.7 4 5066.1 & 782.7° 656.12 ¢ 321.2h 0.80f 0.97 ¢ 1.23%
Roudbar
&Sk . 6412.12° 5843.3°¢ 4844.01 737.4¢ 624.1° 29451 0.78f 0.95¢ 1.18°
Ghale-Ganj
;&“ 5400.90 f 4873.8 1 4024.71 656.3 ¢ 550.5¢ 2567 0.66 8 0.79f 0.98 ¢4
1gan
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* Means in each column and for each parameter, followed by similar letter(s) for each component are not
significantly different at 5% probability level, using Duncan” s Multiple Rang Test.
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Introduction

In arid and semi-arid regions, efficient use of water through improved cultivars with less water requirement
and more drought tolerance is a basic important way to achieve assurance and stability of crop production. Water
use efficiency (WUE) indicates the amount of consumed water for yield production and is defined as the ratio of
dry matter or economic yield weight (g) to used water weight (m?). Indigo varieties are grown in many countries
as ornamental plants for indigo color production and also as medicinal vegetative plants. Indigo (Indigofera
tinctoria L.) is a valuable species of legumes that it's cultivation have an old background in Jiroft, Kahnooj, Bam
and Iranshahr. It is known as a drought tolerant plant but in seedling stage, it is sensitive to water stress and
requires sufficient water for seed production in flowering time. The aim of this experiment is evaluation of leaf
and grain yield and WUE in existent and prevalent indigo ecotypes in Kerman south region in order to select the
best ecotype for planting in this region in future.

Material and Methods

This experiment was conducted during two years in Jiroft, Kerman, as split plot based on a randomized
complete block design with three replications. Different irrigation levels (50, 75 and 100% of water
requirements) and four ecotypes (Jiroft, Kahnooj, Rigan and Ghaleh-Gange) were considered as the main and
sub plots, respectively. The leaf dry weight, seed yield, water use efficiency base on leaf and seed were
measured.

Results and Discussion

The results of ANOVA indicated that drought stress has significant effect on all of the measured traits. In
addition the effect of drought x year was considerable on seed yield and seed WUE, while it was not on leaf
yield and leaf WUE. The most seed yield obtained in normal condition in second year and the most seed WUE
was reported in same year in average drought stress. For all of traits, the highest means obtained from normal
conditions except for leaf WUE, which was obtained from severe stress conditions. Ecotype effect was
remarkable for all of traits. Ecotypexyear and ecotypexdrought effects were significant for leaf WUE.
Ecotypexdrought was significant about seed yield too. For ecotypexyear effect, highest leaf WUE was related to
Jiroft ecotype in second year and for ecotypexdrought effect the highest means of leaf WUE and seed yield were
related to Jiroft in severe drought stress conditions and normal conditions, respectively. However, the results of
this research showed that Jiroft and Roudbar ecotypes had higher leaf dry weight (5100.9 kg.ha'), seed yield
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(331.75 kg.ha'!') and water use efficiency of leaf (1.24 kg.m3) compared to other ecotypes under severe water
stress conditions.

Conclusion

The results of this experiment indicated that drought stress notably influences leaf and seed yield in indigo.
With consideration of drought x ecotype effect, in severe drought conditions Jiroft and south Roodbar ecotypes
had no significant difference and these two ecotypes had the highest means for all of traits. Management of
production conditions in order to leaf yield improvement is necessary since the aim of indigo cultivation is leaf
production and color industry. In this way, as warm and drought climate conditions in sought of Kerman and
necessity of cultivation pattern change in order to water economize and increase economic value, cultivation of
these two ecotypes is recommended in alternation after wheat and vine crops.

Keywords: Drought stress, Water use efficiency base on leaf and seed



