(YO-TF Oloao) 1Fe e bl g 5lg ) o leds ) Al Pe EiS e & gl

DOI: 10.29252/ARIDBIOM.2021.16665.1855

9 (Panucum miliaceum) (y;,| bglxo S j0 w9y 9 (S5l 3ud s 2Ll cwy
S s bl i 4o (Cyamopsis tetragonoliba) ,1s5
(g Alio)

oBils ¢ gulids 395 5 (srrdo milie aSiiils ¢ Glly 5 S Bblie o poe ol )l Wbl JI5 (5 iy apali -
Olplen
Oyl eog o&iils ¢ Sbly 5 Sz gblio Co o 09,8 Loiils Fooly Slogus due -Y
hsodaie@yazd.ac.ir
Ol e oy ¢ puwlids g5 g (crmbs milie 0aSLiily (s ) Jauzms 09,8 Loiils (Sl lxbas jaol -V
Ol rl ol olKals ¢ el LS (S35l (6253 0,95 At gal ils (i Lo juaa —F

Ve Y/Y0 1S s

Ve

oSy

3 Oilesl ol el O 09008 JSUie b (iblio o adgs iuljdl g gl o Slae (o yiws sl (5,0l sladgle ol bglse cuis
ol 3 ol a4 ol S5 e by B0kt S S5l oy o 3 3l ol oty AN i 3 ik o
Sl Jolsd ol Jole GralesT ol o 05 adsle o Slae 5 Sujsln 58 slaamLs S5ue 53,155 5 03l oS 99 boliee cetS 2l s 2
55 5 0l Al et o as Jolis et il o8 ele g oly5 b ao s A g Ve e aldss o o bl el s s o
S s Oliee gilal jo BB L as ol plad mls al ol o0l Shse g 00, g0 4 balse CuiS 05 43sS 90 bglie culS g
S 5 (20,0 VAIF 5V I¥) gl CullS )0 Sy (o Cugh) (slgioms (i (Zuls alS wig) S 5 0l (g lgie 5 a3l g,
5 4 JalS a1 5 5 ooty 8] Gty o ys VYO 3 FVF o s )55 5 055l LAl oS 55 o5y (ond s (gl
s 55 5 3] gbie usS 31 ol gyl Galihe Juolgd o i ssaline el Cusdys sy Ae g 5o a5 4o gkl sl Lo o
Lgbie 2 5 able 3,Shas 150 s ] gt 4o 5 il 330 5 LT s i ds st g 5 pbons 35 (sline sl
S5l 5 3y Spste s el 0233, 53 5 o5 Sesolpze sloomls Syt s gl S o bl aal s oL 53
JB sba |) (Sis 55 e U Wlgi o IS L)) blie CuiS oS 5,5 (S A g eme 5o L il I g0 adgle
ik ol (S 25 Ll o (o poe ), Gl 4 g ool alS slala>dle

e 018 cadgle o Shae (g p o0y 1gualS (5 5lg

w

doddo

23 SFptee G Jelge plaS i Lyl 18 o oS S
A3l So3e0e 58 slacdlad g ol (Saijlosl
OBLS Jozs sl s (30ae Jelge 505 59 ]
(SUPR Sl o podS 5 (SiS A 4
gom V0] spdise (Syayge Jolsi g oleerdyn
2 oo 9 Jole slaaid alex 5l 5L slacu)gou!

Copde 5 bl e (65,9l (i 5o ale o e o
U I COVE=S R P FOWEIRLIVON Y B B R COPS 0%
09 (§),slaS dine 5l Ay a4y pbiews S
Dz slas,5ld 5l gamee 0 5 T ) jam 5l (6 Sl
oine Sl S Sas i [8] s pdy ol
g Sis bl 5l gl j0 HlalS adsi glaews,losl

et 3z ,e [YO] 05, 00 Jled a4 olam> Slisdes


http://aridbiom.yazd.ac.ir/article_2433.html

VP Okl 5 5le o) o)led VY W M&:swuq,:;w

o0l plwl Sis s alox I (Jae slo i Laylys
Cadgamme § (55 g Sk LA b a8 bl o el
PEE olS culs ke azlge Jsame ol
bylie coss [re] wsly azsls solyj coal Wiy oo
able ool jo ade 6lp o Kaly 15 sladgle lalS
V0 5] ail o Sidanss § Sis

Bble gble o Ol sgas JSiw 28,5 a5 o b
&S Cads opl w4 oasg Loy Siddes g Sis
G)5ely gladgle GalS balre oS slapiuw
Sy Galidl s sl o ,Slas 4y g iws gl el
oS 30 bglie esS Lyl Gua b g ol el
Sfkes 5 Suigdn it Slogazld see )0 IS 5 )l
s ploeil adgle

gy 9 dlge =¥
Wl g u‘i’..g,Lo)‘T >l -)-Y
2 0S8l Gl eed He Slides ac)ie 0 Gialejl ol
Oro a8 Ve 5 ax 0 OF olélas Job Loy oLl
el g Jlod 4230 9 g a0 YY) ol8las oy g
s Lzl s o 3 5YL e VIVE

ol B e o el Ojpe &.uﬂ
ol Jole s plool 1,55 ds b ol JolS slacS'sly
Qoo Feadss ey o 6)L:..)“—c_‘a.u:4.u4)é (_g)L:.?TJ..olsé
wﬁ).’o Qo yo Yo adss Ql.o)’ 50 Lg)l.:_gi ‘Gcl))’ UJ).lo
9 sty et ssyo A adss ey yo sokal s =)
Al cis ol c.‘a.w dw 4o Culs u’;..;.\j 3y Jele
O30l 3L 99 530 09 45g5 90 boglie ciS g 1559 ()
Oligdsd 3550 5l 1S )4 g ddlaie oy slo 0oy |
D)5 A (g),0las

SiolojT 1yl Y=Y
S rartle Yo b jao Gos 5l GialesT sl 2l 51 3
@lord 5 (b Sleogas g ol plxil (6)l0 paiges
Jold adsl (65,551 Sliloe () Jg92) ad (s S
lwoslel Sllas 5 505 Sus ccnlio Bos b p5ed
Lulgl 10 5 HlSs O g0 by )les dan gl ClS
iy 5 yied (el jslaie 4y 285 alonil olo Ceigys )

S p Sugb, L 5 el mulal o Wl oo GBS
I¥] 05 ame slo i Lol ps s

alox 5 6)@.31 Crogids S99 45 SloS > C)Lal
(:_.9).:.0 9 G»LAL.MJ ‘L)J‘)JL..: [Yﬂ] Kewowen) oolazwl J.:LQ
2ol Bl Sis Jomie 2LS sladiss
o slp [IV] sl Jloye3 0 ool Ceonl 5l ddlaie
Co e« Sisdad g S 3ble 0 CuaS L adgle
oo plals glolis 5 Gladgle ol meo
DA el 55950

Ll OY g8y B0lgils 4y 3laie 5 sladsle LS oS
b S Lg‘j_bjuTguSl} &‘3.")‘ =9 éj.'ﬁ.mf)é)‘;
50 Alg oo oS pl syle Iy cus Colll Sisaas
Conglio Vb (5555 5 2l 05 nln 0 0 )5 lo g ol Ll
O 6 YL Jeos apsS) Lo 5l le8 ol asls
ke 5 Al alS o5l [¥YV] o)ls (Sas g (5)50
ol 5 adsle wlg gl (p95 Colll g anals ol oS
SO b, oblg g a3l ady 090 0 s S sble
I] o )ls o 1) cdew bis 5 b o2 sladasms

Sl 65,5l plls 5l slaigas plgrsay bglse et
5 i 90 «SglsST sl slml sz e Sl
s 1] S n o 1, Jpeame (iS5 (55 sl
00338 b sy sladilebs g5 (a3l 4 ook azgs
S pule; Sl 4 gl ol gladiss ol
Gl ol £lS ST slapllai b avglio jo aolio 3l oolaiul
99 g s S5y JooS cbglie cunS Glaal 5[]
CAS 4 S 55l absle gl Azl o g 4gS
Al cliS 4 cens bbb cliS (gyah g Sis
IYY] oS oo lag Sgap eI b bglsee coiS yo

5l eolaiwl 5,90 40 (g0l Gladss 2 sl Jlo o
sS Aol 6lp (S 5 550 J.wo:u.c oS
50 bele ciS oLyl L bLs)) jo 5 o8 Sldlae



YVQ‘)&QA}&F L;JL:—u:o.:JGJ_‘fZ)J)‘}?jU))‘L)buw)b‘_s&ijjjéj}jﬁjgduua}-uwjj

VY Bas 0 b 3l el YO diys, alols b Sl o p,SelS Ve e ke cuils 51 L ol 5L5 0,00

O godr g ol 3o 3 (blgl jo 9 CllS L V L (6 il SHlgSs sk 4 Jny Sliwd pow g pealy Olilgw
4 oy Rl gyl belie CiaS by g (s 03gr 28 18 Sl bshas 5 50 (6)ly ©jgens

L 09 Jﬁ‘ ol,.f st‘ cnls s &9y ° as ‘5))9»0 )éﬁ;#\a‘ )|mmso)5‘o§@m)|ol.f)bo)y
boloe S cplply 00,5 i pg0 ol S (gum cuils (lazalS al> e 0) (Golue Cond a0 g LS

A Dl (@:00) 03l s 5l g Y, Oige w A Byan (a5 £g,0 9 po4dll
Al s F ko e S el gl 5 0 alold 2,5 IF g /D e 4 g 990 o,y AN a3y 4l 098
Bl ol ool 1e5 5 03,0 sl i S A g e o

Siabesl plil e S (S5 5 aloord sl Shs @l -) Joor

SBodl, Sl S S s e S e el i e
2 Omedy () ReS )
(2,0) Gd Yl (ST )
-y P?J VF/eY <Y oY Vo f VYWY Yy Y. \Y Y FY
o g‘j Sleore .l 39 G g 00l S8 ugndos o 3l Cugb ) (6 uSeslul b sls o)ﬁ.og‘;\)lmoﬂ.ﬁ

[YF] o3 aulone ¥ alal, 5l oolaiwl b S s 28,5 90 TDRY g, 40 S (6 el Y-

ool Ol g pSoslail b g S lac,ie cud,b bl

S 2 o ] lyizme = (FW - DW) / (TW -DW)) x 1+ - (V) RS P IUCOWESS SV RUUPS I IS ISV ONPIN BE [UORPPR
olS hasl 5l gliedsl 5l e ol plxl cllS
. 38 Syge cialesl slajles Bk sam slags Lo
$lyp sl Sp 28l adl ol 059 TW oS 8l vl o0 b adss Lalolyy sl i, Jad Jsb 5o
[YV] LS 5 el (g, 51 (Gisr s lie S i plol S ely; byl 5l as,s Ae g

o oolaiuwl

S 39 DW S cdl 556 o9 FW :QT 404

O gy ) Jslome ool laiie (5 xSojlwsl sl Slio g S0l -Y-Y

Pl & aay 00,8 bglie woyo A0 Jolbl 2o lais ) LT s gt oS0l gz 285 el
AiB0 V¢ Sk e b Bl T s o Ve S LlS 5y s Lo o 51 bl sl 51 LS 5 e U
Ol LY G 5 0058 Seipile 1, 0T YO s oo b g T i sladad b ey 5 ol ol 5 s>
Aoy 00,8 Blal ol gl Jd ke Ty ojlas Ly ) G L legT 5 s s e S 5l gl
godla B p Clpler paids Ve sy olom o) sl ] g e sl b s S0l (o5
FogbeiSml jlosliiul b odar gliee pab S Slam s i T gl g ate e B,k 0 S,

Al 0ailgE FYO zge Job ,0 VIS 2100 Jae VY Soae 4 g 4350 YO ol slos b o6

b Spoil diged 05 210 Gdgn s pSosll sl B L Sy oxban Cusby (e 28,5 8 el
oo B Selwdlugalgns sl 2l (oo Ve Lol o 20,5 dwle wlel (39 9 ol 48,5 G 0l (el
Joloe 51l don 93 e [F] ol Blo o s 00 L] clacs )y lon (S )9 65 0jl 6l

boloee) oydep b el e 50 LTy oad Blo vl s s gyl e cele TE G 4y oid

1- Time Domain Reflectometry



Ve Okl ol ) oplead ) A p g oS e 55 YA

oolaiwl b o pnSileo dunlio g ploxil (20 4 p (oS
2 el L.S.Means 4, ;)

oy g s Y
S99 Sy O (o (glgizmo -
s 5 Sy ol s Glgizme aS ols lis osls 432
gl s @bl s b cod g o jsba S
b S T s solal o iiSen s 1,8 cass
o Slgoe Condlgl Ll cclls Sgn cuiid (5l s
(Y Jgaz) ams 3 b cos 1, 5 o

(ool 5o 3l L as ol lias (Sles anglie gl
o Cugby Glgie (St S psbar (1 Jsu2)
byl ooy £ooadss o s kol jo (A s FAR) Sy
(223 PV S o (g Cusho ) lgioms (0 e85 (2
=y s adss aspe A pley jo )bl jles o
olis mls weaS Gla iyl o avslie 4o el Cuvsay
bolre oS 1o 5,1 Sy (oo Cugb )y (slgize a5 olo
@ plas o alls S @ Cod bl S o 158
Y Jgaz) ol lid oo, 0 AIY o VFIT olidl cus s

Sl el )l ol 3 b K sy
Jolsh )3 (S i & (g 5ba b (S Sl Ol
Cmnd £ly b b oo yo A g Ve adss lej ,o s,
Jgaz) ol las gaalidl i) (ol)y cudybb a0 Feoay
(f

stlyy cad,b ao 0 Ve g alss b ye gylol ye
S dy S 155 5 ()] (AT SS Jles o P s
52 olal o Lol olas plas g ls sae gl Ll bglee
Dge & 5yl SiS sy cadib s p A s g
Ol A clls @ cad 1) Ser cld e byl
(F Jguz) ol jrals g )ls gxe job 4

9 Jd8 a5 (Lo Yo )3 (o (0,57 V/TD
o e 4 (Vg b Sopied sl ;) (o YV
Slom b ools Hl B as o Ve 05 Ol sles jo celos
@ Jsbme i S iy e e a5
Cdz e ol Sl 4280 VO-Y e Dok 4y onwel Caws
zse Jsb ;o Vis 2100 Joe yiegudgnSoowl jleslazl L1,
A ol yegili FYO

gy 51 (SPAd) (S o (2SS (55T 0sll (51
SPAD-502 s5iws b (Ko juws 30 9 Sl Sy 0

OIS o Ly b 0 &g V- ig el s sl
23 STl ) s Sl ol b
JsS g o ol 83l £lis,] s daslons o] eSilo
B oS 1B 5l Gl s a5 S9 b S el |
o,Sles s pSoslail gl al g Seslul b les
S ol Fobaw as )i Job sladin 5l ((Saselsn
(S 0 Slas s gl ol clbls g bl j e e
a0 VO sleo b Gyl j0 9 0,3 oal cublsy adgle
A 539 5T 58 5 6, el VY Saw 4 ol Kl

Sloas S Sy sladiges 5l iolesl axly yo 5
@ olwl 5l g ez diged @5 00 Sga> OS5 e
Oll 5o b dle (95 Oliee 9 Jiie oSaslesl
Sleze) Oigrs doy ope byl eyl
LVE 9V T s aalons PIVO o b (9505

‘_;)LJ }.:JUT -f-v
Sdle i b alitne Slas gl ooty il lg 4y 3o
el amglie 285 plxl A) ases SAS gL
v 5o Sl slasels aim g3l 5l eolaiwl b 5 lmesls

Sloog )lo‘__g;.u Oygo 40 . C8 S Gygo duo 0 Ol



YQQ\)&Q.A)L;,;

L;JL:—u:o.:JGJ_‘JJJJJ)\;}u))“b)buw)bw?ij)jéj}jﬁjgduua}-uwjj

o S0 Slae lp (Ola e (255le) el g 528 @l -V oo

6'91-7“’
. ) ol A ; ax s .
Osn dsleoSles wip el . odon Jbe ol Gn s ol (s o Ol gl
Jd9 5 ) ol
Sy
Mefee "YYEas S AN MYV NS FENNY " IAS Y RS
Toevg TRV TEYYAAL FRAIYeY R Ry RRRELY FRryan %1089 Y &b
e AYYYIY TN CIYY ) e YT VIAY ¥ Lol slas
IRYART SN VN7 Y 10 Y L A IV KREINS FFVQAE *EREA Y ctS )]
* * W‘)] XL5)L‘~|
LSVRRTA \Y¥O/R YIVAA **)qy ARV **y /09 SLSIR L A i
s
ooy Y2000 VAV AN b/aY JIYY VY Y/¥ - W bl sl
Vi VEIA- VYIVA vis- $IFY AJRY NIFY $IPA - T
(o))

Segre pas g a0 ) 90 Jlaml mhaw jo jlo cixe oS Sy NS g sk o

(1) Sy SS9 (1) S 2 ol oo Slgime

sboyl sl los

VA/NYP £/00° g cud b so s £ adss ley e skl
YF/OY FAIDO® s eyl s Ve alss ey o sk
YO/NY? FYIPYE s et b as,s A alss les o sl
) 5),3 g ) Q’)..u uT . 6‘5:-"“‘ RAY W\)T oS
VoIrs FAFac A s ‘
YY/AYP Vevs Lylswe coss =
\ZANG VY/£YP A e e
YV/R)2 VA/FA? Llsee oS &

25505 00,0 0 Jleis | mhaws 10 (Sils (05T b (g lo e IS gt pa 40 S piie By, gyl ola Sl

S St Gl boldue coaS aileles ;5 a8 S il
@ Joio lalS l colinwl 05 sosliv (g8
Gy e bl bl ciS o e slo s

I¥-] sles oo ol o5 Lulps jo lalS Lo ws,

e n 9 Jekro 2B V-V
yobas rday g Joloe a8 a5 olo lid Waosls ay e
A eas Gl bl les )-*-’L’ Lo (5,0 s
B e Gl s @l G iSen 08 o
L O Jse) cols Gdgn s Jolme 08 5 (5 losne
o obe sz e (St5 5 gl S

(F Jguz) <l il 8l (o) p cow lals

i cage IS ol 0 ke lacgenl gozs

TIPS UV IS FIPU SECH P VIR S P U B0
ool 03,5 (53l Sy O (o Slyime i 55 0L
Sy e b (Ko 5 4 Jamie pLS 51 (S
30 908, Srewl pulaii 40 oS IS g o o Soae
DYT wiss o Sy O (i (slsiomn Lai> s aze
Gl Y8 5 Sar Jobs L sl plalS &8ly o
5 w300 sl BoSTy o 1) 15 g e slags (Jsko
Jss5 0l 1) Il slocaganl 5 pslty (32 Jilie 5o
@ waliee Gl o jle g Cigw alin] [VF] oS
S shaazme Gla it 4 Joos 39250 (slapnilSa
5 i b 5] bglia casS glaawleln o [¥Y] o)l
5 S5l Ol e 0dzr o SB gheml il



VP Okl 5 5le o) o)led VY W M&:swuq,:;w

IRl & e 155 g o) bglive SuiS el cud b
Olej o oS Wiz 2wl il Lallb ciS 4 cod s
O Gldgme Dls ey Cudyl asys Feoals
Coalss sgzg alls ctS b bglse et o] zoban

(F Jso)

by sy A adss by o gkl gl o

e 4 borye S Jobome aid (i (n i (25
Oliee (r S w09 boloe &aaS )3 168 5 (5] slaaiss
Js9z) 09 (oiS ST jled @ g e 55 S Jolome 03
oy A g Ve s o po glal o Koo (g 5 (Y

0a3Ls (ol (Jolome A Sy i (6l bglie cuiST ST g (o)l cilitee ol iSen p Sl anlie ¥ Jgo
adgle o Sloe g &gy el ¢ Jdg IS

gle o )Slas Gy gl Jedg S el Srodan Jslome ai (1) o eas GRT gshe
(kg/ha) (cm) g (umol.gr-1of FW) ) - iS 6)1:41
)5S O3l )9S O3l )95 03 S5 05 )15 05 )15 03!
b ORAY )é 6)L;T
PFape ABAAY VLY ANaY o AAYFY AYAYS CARY AVIYe PYIAA L PYIVA PRYIAY Peeisf
[ S
£l
S 0
FA007  FAYA AVYY TNV CAYAY CFVLY f400 BYAY AFAY PY/AY GRYVY PRAVY
bylre o b
)
a b b b a a b b a a a a S, J)L"'J
FA-« o Pavvy  Pewiys  Paqvs Avvye Avyies PAYEY O PyojpA o fEAN 0 CFAV FPEAS CSVIY-
[ S,
Ve adss
S "
FAVIT O 2AVFA AVY/EY TVIYAY O AYASY CYARE CNFLp VAT VY CONY REVE GSEiYY
bolse  cd )b
=)
RAY S L:T
GEVE. PEVAY  Paorfr Pvriar Preser Pyvve Pveisy o Pvavy Pviay o Pajsy o fspna vy M
[ [ N
Ao adss
. S o
FYONT FFANY FAEY VAR ARANY CYANE AAEYY A\YAY M. GEYY fsang Pevivy
byl o b
)

35,5 a0 0 O Jleisl mlaws j0 LS. Means asg, b g,ls e M| o)Ll Jolsd (o 5 ogiw p2 40 S i By sl slo Sl

G5 el 5o oy men 3590 50 iliSe Sl LS

o3l Gb 9o 5l (Sis s el ol Ly Sas
Glop 3l olld (2al8 5 s oaiile slaesl Gle
Sedise Oelan Ol Gialidl Eely (g 0aiiS o
sile olo,Sojle Liix o Jsle slaaid gazs [YY]
Ol ool g Jsho a8, cons jlpz lpz g eee
cble> ¢ Johw 4 ol31 sla JSGol, 5l iU Oloso jrals
Jo 52 50 [18] o e Lié ozl g oy 5T oL g
Odon 5 Jsloee sbaad aiile 5 5le ot gl pozs
3wl Claw Gall cow byl cuiS Ll b o

Ol (i3 a5 llyd cod aSl Lo o
A Gl 50 e bl b ptals Jsbe O
ool S92 g0 Ll 4 ol Gl 5l (pa5u (g p 9 Jolone
Sl Bigd azlge (Sis 25 L GlalS o5 alyd o
DL 5 50 s 2y 5l 055 slo bzl 0 5,18 i
Gglate ol 55 g (IS Do de LT gl 457 051
olBl e iles ST A E ol Kaaghy 4z STl
ol sloaid lyioe (a3l o e slo i
G 3 pp a8l @l Ll ws S e plalS Sy
IYA 9 Y] sl snal s @ Lo g



*y Q\)&ujdfig

L_;.-l:-u:o.:JGJ_‘JJ:)J)‘;}u))“lﬁ)buw)b‘_s&ijjjéj}jﬁjgduua}-uwjj

adgle o ,Slos g aigy slai,l -F-Y
5 lal bl Sas ol las Guilyly 4328 @b
Sl o gime 2oy O o o L@.‘f\ Do g Qoo
oyl g kel pSenn (Sl anslie () Jgo2)
doyo Fooadss fley yo skl yo as ol las css
Slosi jo adgle o Sles g wig gla,l o elyy cud,b
Aoy Ve adss oleg 5o gylol o Lol Las)las (g)ls cxe
9 bolswe ctS o )l g glas )l el); cud b vy
adss ley o L;)L,.ﬂ 50 (F Jaaz) ols lias (g ls sxe
Sl 5o oyl adsle o ) Slos ¢ £l cud b oo o A gV
9 FIN Gl e s o] @l cunS 4 cans bglke
(F Jguz) ol lis a0 VIV

Sl 5l gl o Pl cely Sas i
el 5l el (onlply ol (g pSoslail 5550 (So5sl 58
5500 g 5l [IV] 0gs Uil 5l g0 adgle o ,Sles g
S glhalels o ddgle o Slae lie o iol5l
olid H1e8 g o)l bgldre CllS ) 0l cdwline bgle
bolxe S sladiboln jo olalS ol 5l oolaiwl a5 ols
0 O ggoge cnl il e sla il Ll o
Slae ogp Gl 1) ol ly belxe ciS om0
0] aws

Codolls LS L balse s 090 10 palive gl
R ST- 1) QLM; aS oo uu)l)f ul.o.w Jawy L.w; PIPES )'|
30 bl cuiS wiloles jloolainl b wlogus o ,Slos Sgups
5 Slos gt ;53 oo 3 [A] sl ()98 25 il
Cold;y og S 4 wilgi co bgle S slaailele jo
albe pl jo baes piw JoSo SISl uzen
[ro] ast

adgle (yiigy oyl —O-Y
ui'*-.’.l)] 5 6okl Lo aS ol LS il lg 4 3o s

<9 ] OO TP B H N UOT < PUVEN VS PRI

g byl old 5 cbli> (Jsho a oy sl S0l
I35 V] g oo Lie laiBlos (5,000

S p by ks el -Y-Y
sba Sp Jds 5 el as ols ol baosls 45
I3 e Ty bl jles il couw )l g
2B 5 cas wll s bl om Sen 255 0
(N Jgo2) cls S p Jdg )5 pasls 2 s)lo e

JeBo, 5 aPls (e (S22 25 mlaw Al L
5 (F o) cdl alS oy cou GlalS 0 Sy
oty Cudil ao o Ve £l ey po )l
N 5 Ol SSS less yo S 8,5 a3l
ol las gylo gre Dglas Wil bglee S 4y cos
o=y cedib soys Aradss gl e gLl o L
POl g belde caS jo 03l Sp g5 ale
olBl e Ll alle ciS 4y cond bl ciS
(5 Jgaz) ols olis oo, VHIF 5 Y14

oo Slo el 51 S (s5igs Gladlas jlade
olS 3 Sas 5 (5 mgtd Cumdy (5 S o3lail (sl a5 ol
i G Gl Gy oal 5o [1] 09 (e enlil
S osliinl ;5 (g9 5l ol 3,15 (asls alS o
SxSslr Ol P g 4§l gogam b byle cuns
o,

bz sl bl cod Jdg 5 (e a8
x50 5 Mgl syl Codlad il aanlse,
5 skelie G958 VE] el g IS o 55 g 4
Ll obS 3,15 lotone 22 (558 25 (Shie 3L
ok, wad i e (blie jo [V] wsbie g ge
Je29,l5 lgiome w gt o bglie iS5 abols
Ol bglie CulS amd g0 (LA ggdge (l 0,5 oLS
W Cad Sy Gisd Glaailass, Lis gly 1) kS
Ol &ly 5o amse Gl ()] (AT g
218 g Cix Gl e bglke cuiS a5 cuS
Sawl ol Jo8g IS (slgione Sgng 4z o 5 2108 yolis
2 el 9 Oier abex 5l 2l jolie g Gox
Gosd a5 Iyl o cudlle lalS L byl cois
[¥7] ol oo 5,155



Ve Okl ol ) oled ) Al oy oS e 4 8 1Y

3z Glagtyy yiw |y (i i Lyl o Loyl
[v#] o5 Olgre (Sas 15 bl s

Wy el cege (SAS G5 AT s gl mls
olals alls cuss p (Sas a5 e 18l 0gh o
2185 g o5l bale cuiS a5 Sl 5l g
5,155 (Sl szl Sse wrge O)lpe yiin
Lslivo cutS aibol o5 3.5 (5 S Oy on 03 03]
@laba>de LB job ayl, (Sis s chie 530 Wlgie
L2 il

5 ool bole ciS o84S LS lg oo cnl
o iyl e (g e 88l S lie Wil e S
(S G s 5 K Bk il ke (SiS
P sol8l 5y Lyl ol Jdo 4 bgloe cois” )]
led Joo e @b 51,1 00 50 Wlgi oo

References

[1]. Armstrong, K. L., Albrecht, K. L., Lauer, J.
G. and Riday, H. (2008). Intercropping corn
with lablab bean, velvet bean, and scarlet
runner bean for forage. Crop Science, 48:
371-379.

[2]. Askarnejad, M., Sodaeizadeh, H., Mosleh
Arani, A. and Yazdani Biouki, R. (2019).
Effect of silicon on some characteristics of
purple basil (Ocimum basilicum) under
drought stress. Iranian Journal of
Horticultural Science and Technology, 20 (1):
21-30.

[3]. Attarzadeh, M., Balouchi, H., Rajai,e M.,
Movahhedi Dehnavi, M., and Salehi, A.
(2019). Improvement of Echinacea purpurea
performance by integration of phosphorus
with soil microorganisms under different
irrigation  regimes.  Agricultural  Water
Management, 221: 238-47.

[4]. Bates, L.S., Waldren, R.P. and Tear, I.D.
(1973). Rapid determination of free proline
for water stress studies. Plant and Soil, 39:
205-207.

[5]. Bodner, G., Nakhforoosh, A. and Kaul, H.-
P., (2015). Management of crop water under
drought: a review. Agronomy for Sustainable
Development, 35: 401-442.

5 Ot (Vo) ais logae Wil iSen
45 551 doyd VAIY o YOI dbsle (yaip s duoyd (s yieS
byl o A adss o o)l lasles jo e 5w
(¥ Jgaz) ab onmline el)j cud)bo o3 70 9 (2,5
S Aok 185 ol yo adgle (n5ign Olie ;500 (S5
O3l bylsee cotS conl ()] Solo b el 3]
0003,5 Ll bl ot jo adgle (12 Sonte 9o
(V' Jg0) 050yl cixe (5 el Llod 5l a8 wiz o el
Sl Cosgame Lulpd o (nfigp doje o YL

0,95 Jsb 2ol b Wilg oo Jul5 &okel bl 4y s
s S Cgn sl ol il L ye ges 5 0,

o Glam Bl Slghs pals cde @) balueg S

2 g ey Gl am 50 5 ey 4 (Al
sloyl 4y O 25 oud (558 sl ead bajles

e 3 5 e T odled rigid w8 o Dl

[6]. Caruso, C., Maucieri, C., Berruti, A., Borin,
M. and Barbera, A.C., (2018). Responses of
different Panicum miliaceum L. genotypes to
saline and water stress in a marginal
Mediterranean environment. Agronomy, 8: 8.

[7]. Dhanapackiam, S. and llyas, M. (2010).
Effect of salinity on chlorophyll and
carbohydrate contents of Sesbania grandiflora
seedlings. Indian Journal of Science and
technology, 3: 64-66.

[8]. Firoozabadi, A.H., Kazemeini, S.A. and
Pirasteh-Anosheh, H. (2017). Evaluation of
different planting ratio of sorghum-kochia
intercropping in varied salinity conditions.
Iranian Journal of Range and Desert
Research, 24. (in Farsi).

[9]. Ghaffarian, M.R., Yadavi, A., Dehnavi,
M.M., Nassab, A.D.M. and Salehi, M. (2020).
Improvement of physiological indices and
biological yield by intercropping of Kochia
(Kochia scoparia), Sesbania (Sesbania
aculeata) and Guar (Cyamopsis
tetragonoliba) under the salinity stress of
irrigation water. Physiology and Molecular
Biology of Plants, 26: 1319-1330.

[10]. Horwitz, W. and Latimer, G. (2006).
Association of Offcial Analytical Chemists



\"Y‘Qb&u;&,ﬁs

L_;.J‘:-u:m.v'Jaa_‘fl)a)‘;ju)‘)‘iﬁ)buw)b&jjjéjjjxﬂduua}-uwjj

International. Offcial methods of analysis of
AOAC International, Gaithersburg:
Maryland, pp. 200.

[11]. Hoshmandzadeh, F., Sodaeizadeh, H.,
Hakimi, M.H. and Hakimzadeh, M.A. (2019).
Assessment of effect of drought stress on
inhibitory properties of Peganum harmala L.
Arid Biome Scientific Journal, 9 (1): 125-138.

[12]. Houshmand, S., Arzani, A., Maibody, S.
A. and Feizi, M. (2005). Evaluation of salt-
tolerant genotypes of durum wheat derived
from in vitro and field experiments. Field
Crop Research, 91: 345-354.

[13]. Jiménez-Becker, S., Miguel, R., and
Blanca M P. (2019). The influence of salinity
on the vegetative growth, osmolytes and
chloride concentration of four halophytic
species. Journal of Plant Nutrition, 42: 1838-
49,

[14]. Kauser, A., Athar, H.R. and Ashraf, M.
(2006). Chlorophyll fluorescence: A potential
indicator for rapid assessment of water stress
tolerance in canola (Brassica napus L.).
Pakistan Journal of Botany, 38(5): 1501-
15009.

[15]. Kurdali, F., Mussaddak, J., and Khalaf, K.
(2003). Growth and nitrogen fixation and
uptake in Dhaincha/Sorghum intercropping
system under saline and non-saline
conditions. Communications in soil science
and plant analysis, 34: 2471-94.

[16]. Liang, W., Xiaoli, M, Peng, W. and
Lianyin, L. (2018). Plant salt-tolerance
mechanism: a review', Biochemical and
biophysical research communications, 495:
286-91.

[17]. Lithourgidis, A. S., Dhima, K. V.,
Vasilakoglou, 1. B., Dordas, C. A. and
Yiakoulaki, M. D. (2007). Sustainable
production of barley and wheat by
intercropping common vetch. Agronomy for
Sustainable Development, 27: 95-99.

[18]. Masters, D. G., Benes, S. E. and Norman,
H. C. (2007). Biosaline agriculture for forage
and livestock production.  Agriculture,
Ecosystems and Environment, 119: 234-24.

[19]. Mohammadi, M., Ghassemi Golezani, K.,
ZehtabSalmasi, S. and Nasrollahzade, S.
(2016). Assessment of some physiological
traits in spring safflower (Carthamus
tinctorius L.) cultivars under water stress.

International Journal of Life Sciences, 10(1):
58-64.

[20]. Muchate, N S., Ganesh, C N, Nilima, SR,
Suprasanna, P. and Tukaram, D N. (2016).
Plant salt stress: adaptive responses, tolerance
mechanism and bioengineering for salt
tolerance. The Botanical Review, 82: 371-
406.

[21]. Nelson, N. (1944). A photometric
adaptation of the Smoggy method for the
determination of sugars. Journal Biology
Chemistry, 153: 375-380.

[22]. Panta, S., Tim, F., Richard, D., Peter, L.,
Gabriel, H. and Sergey, S. (2018). Temporal
changes in soil properties and physiological
characteristics of Atriplex species and
Medicago arborea grown in different soil
types under saline irrigation. Plant and soil,
432: 315-31.

[23]. Poonam, T., Indoliya, Y., Singh ,P. K.,
Singh, P. C., Chauhan, P. S., Pande, V. and
Chakrabarty, D. (2018). Role of Dehydrin-
FK506-binding  proteins  complex in
enhancing drought tolerance through ABA-
mediated signaling pathway. Environmental
and Experimental Botany, 10-31.

[24]. Raza, M.A., Feng, L.Y., Manaf, A,
Wasaya, A., Ansar, M., Hussain, A., Khalid,
M.H.B., Igbal, N., Xi, Z.J. and Chen, Y.K.,
(2018). Sulphur application increases seed
yield and oil content in sesame seeds under
rainfed conditions. Field Crops Research,
218: 51-58.

[25]. Reddy, A.R., Chiatanya, K.V. and
Vivekanandan, M. (2004). Drought induced
responses of photosynthesis and antioxidant
metabolism in higher plants. Journal of Plant
Physiology, 161: 1189-1202.

[26]. Sadeghipour, O. and Aghaei, P. (2012).
Response of common bean to exogenous
application of salicylic asid under water stress
conditions. Environmental Biology, 6(3):
1160-1168.

[27]. Sairam, R.K., Dharmar, K., Chinnusamy,
V. and Meena, R.C. (2009). Water logging-
induced increase in sugar mobilization,
fermentation, and related gene expression in
the roots of mug bean (Vigna radiata).
Journal of Plant Physiology, 6: 602-616.

[28]. Seki, M., Umezawa, T., Urano, K. and
Shinozaki, K. (2007). Regulatory metabolic



Ve bl ol ) opled ) gy oS e 5 YF

networks in drought stress responses. Current
Opinion in Plant Biology, 10: 296-302.

[29]. Shannon, M. 1997. Adoption of plants to
salinity. Advances in Agronomy Agron. 60,
75-120.

[30]. Simpson, Catherine R., Jose, G. Franco,
Stephen, R. King and Astrid, V. (2018).
Intercropping halophytes to mitigate salinity
stress in watermelon. Sustainability, 10: 681.

[31]. Singla, S., Kulbhushan, G., Sangamesh, V
Angadi, Sultan, H. Begna, Brian, S, and
Dawn Van L. (2016). Growth and vyield of
guar (Cyamopsis tetragonoloba L.) genotypes
under different planting dates in the semi-arid
Southern High Plains. American Journal of
Plant Sciences, 7: 1246.

[32]. Slama, I., C. Abdelly, A. Bouchereau, T.
Flowers and A. Savoure. (2015). Diversity,
distribution and roles ofosmoprotective
compounds accumulated in halophytes under
abiotic stress. Annals of Botany, 115(3):433—
47,

[33]. Thalooth, AT., Tawfik, MM. and
Mohamed, HM. (2006). A comparative study
on the effect of foliar application of zinc,
potassium and magnesium on growth, yield
and some chemical constituents of mungbean
plants grown under water stress conditions.
World Journal of Agricultural Science, 2: 1.
37-46.

[34]. Weatherely, P. E. (1950). Studies in water
relation on cotton plants, the field
measurement of water deficit in leaves. New
Phytologist, 49: 81- 87.

[35]. Yang, F., Dunping, L., Xiaoling, W.,
Rencai, G., Yuanfang, F., Muhammad, A R.,
Xiaochun, W., Taiwen, Yo, Weiguo, L. and
Jiang, L. (2017). Effect of aboveground and
belowground interactions on the intercrop
yields in maize-soybean relay intercropping
systems. Field Crops Research, 203: 16-23.

[36]. ZuccaRini, P. (2008). lon uptake by
halophytic plants to mitigate saline stress in
Solanum lycopersicon L., and different effect
of soil and water salinity. Soil and Water
Research, 3: 62-73.



Journal of Arid Biome Vol. 11 No.1 2021 (25-34)

Investigation of physiological and growth indices of Millet (Panucum miliaceum)
and Guar (Cyamopsis tetragonoliba) intercropping under drought stress

1- Nahid Bashari, MSc in desert and arid land Management, Yazd University, Yazd, Iran.
2- Hamid Sodaiezadeh”, Assoc. Prof., Dept. of Arid Land and Desert Management, Yazd
University, Yazd, Iran.
hsodaie@yazd.ac.ir
3- Asghar MoslehArani, Assoc. Prof., Dept. of Environment, Yazd University, Yazd, Iran.
4- Mohammad Reza Ghaffarian, Doctoral Degree in Agronomy and Crop Physiology, Yasouj
University, Yasouj, Iran.

Received: 15 May 2021
Accepted: 25 Aug 2021

Abstract

Intercropping of forage plants is considered as an effective startegy to achieve optimal yield and
increase production in areas with water shortages. A field-based split plot experiment based on a
randomized complete block design with three replications was conducted in Ashkezar research farm
with the aim of evaluating the intercropping of millet and guar in improving physiological indices
and forage yield. Irrigation intervals was considered as the main factor in three levels (irrigation at
the time of discharge of 60, 70 and 80% of field capacity) and the cropping system was considered
as the sub-factor in three levels (sole cropping of Millet, sole cropping of Guar, and intercropping of
Millet and Guar). The intercropping system was implemented as row intercropping pattern with a
replacement series design. Results showed that the amount of ionic leakage increased and the relative
content of relative water content decreased when irrigation was delayed longer. The highest relative
water content for Millet and Guar (70.3 and 78.4%, respectively) were obtained in intercropping
system and their lowest relative water content (61.4 and 72.5%, respectively) were obtained in their
sole cropping. The highest and lowest chlorophyll indices were observed in irrigation treatments at
60 and 80% of field capacity, respectively. The intercropping of Millet and Guar resulted in increased
content of soluble sugar and proline and the highest forage yield compared to their sole culture, in all
assessed irrigation intervals. Since intercropping system was shown to cause improved physiological
indices of Guar and Millet, the consequent improvement of forage growth and yield could be
expected. Overall, it can be concluded that intercropping system of Millet with Guar can significantly
reduce the impacts of drought stress and can be considered as an effective management strategy in
drought-prone areas.
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