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' Over irrigation

' Conventional Deficit Irrigation
" Regulated Deficit Irrigation

* Partial Root Drying technique
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° Water Productivity

" Water Use Efficiency

¥ Full Irrigation

* Alternative Drip irrigation
* Fixed Drip irrigation

'* Even Drip Irrigation

M



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Sl oS 5 (5L dos 00) iy s bl (oS (ol sl s Sl K slasdlan s sls il e s Shas
38 3 e se gl edd ST Ao e 53 s e O B pme LIS 55 Shas 555 1 (T 5L A s 00)
2315 e o 0de 5 Shas (Sl sme osb a4 alyy s okl 5 oL ¢S U0 O Dlllae s Yy sl DL
o Lol oLl 5 aks, i bl i, omaen (LiU et al, 2006) ol osls JialS LolS ool s, b oaslis
o okl s 53 bl O G pae Ol Ll 0ads JalS (LT L alie 3 ol O a3 YV g 46,0
s okl DLy pslie b ol by il J2als sl ¢S SR 0 Sl e sk 4 s o wlis LS Solel 5 ey,
U5 Jlasl s @ Wl e 4 ol I O Gz 0Lkl 6l b oS ol baslie 53 e alyy A ol
e S s b Al LS BT 5l A s 00) aky, ise ol Jles 53 ol G rals s s
oo oS aliil gl Jolo ond sl (oLl oS 5wty e ol Gt s n e Sl 31 0L (S0
(Wakrim et al., 2005) <ol (555 ,5 3,008 o 86 O ol Ll s,

5 FD B ol sla iy S s g Il 53 Sde w4550 Tl 15 53 S e S35 Sud aslllas
Ol S sls 0L s LS el Ol s o 5 0 5, Shes 0l o3Il g5y (T L doss Vi) Wiy, isw ol
Pl izt sle Lol 3l 3y JalS Gl 5 s, i bl gl o (LAD S, o als 55 (sl e
B & adse BB ek s Shae a8 olie oS kel sla Sl ety s okl sleg 55 ek 3 Shae 5l
A et Salg 3 sy VG B ol Sl Sl dens Yo aty s ol (s 53 Grehs 00 BB (o310
Ol Gose e Lo N il 5ol (olol Ol G me 13 (gho 3 T g @0 e oy 5w (bl o e Jlesl
33 g o do 3 WY e aln isu bl B A jasie Kos Guiss s (Shahnazari et al., 2007) 555
Ol e ls Ol El oy alis Jyame 3 Ses oS LSJL:J.I&)‘) boanslie 53 Jise e 55 55 5353 o ol g.)T
,> .(Jovanovic et al., 2010) 55 jrio bl Lol b anolie 55 Jlgze ddy fuab 53 gl dons VY 5 YA Ol 4 (Ll
Sl Gl H6 oS sls Ol @l 28 5 bl sy S ps Ll i Gl Cunde sy 6 o
G b ol s adyy i okl Jras s (St CiS o slaees S Sl & Ul e ssb g atyy i
L ol o o o JolS oLl iy 4 ol Aoy T a8 o) St Sl b ol s 5 s WV B s
Lol Gosoe 1o3 V0 b ogh od S S sl o5 olel Ghas 55 ST ose e s Saw 3l Aas e Sl
o3 o Il 55 Sl 3l 5 ety s ol i m ol e BLiI nl b das e talS LS (6ol 4 o
3o Jome G S 5 Sl el g @l Ay Sl s Sl das e DL s 5 3503 sy LT O
(Ahmadi et al., 2010) 5,05 3L Saes anlllas

b aslie 3 1 ookl ST 5 eme Ole il on gy cpl oS 3l 0L O3 Ol 53 () ades o ol b3
Yo B YV0) Jsame 3 Shas 55 5l a8 o adyy i ol s Jlesl iman das 2alS Ciad w L ol
okl e b alie 3 alu) 85 (bl e 53 Ao Ve BN Ol 4 (bl O G e LIS 51 5 (Ao
oS SSdms sl mbl o et o okl 5 lTeS e 53 s addlae 5> (wahbi et al, 2005) s Lels
ey S ookl ey o Bloosus Ok edd (Sl (i dn b bbbl 03 mpe g 5 LS alie 0515

A bl Jsmame s Shae 5 A5 (69 4dy, S5 Golel sy b Sl s b i edalie LSJL:JVS I S

AY



V-1 raxdo f foylodi il < paro g (29,00 HOLS condigid g 5 59)50 55T ol fad O3 oyl 5 197 Sho

orl ol 353 ol il e LTeS 5 Ay (a3l ol latas o 055 DL b3 elie S oS AS asite
OIS oS ol e (T it (65 S @ p e atyy s ol iy Jleel eyl (55 s 55 L sl 0L asdllas

.(Fernandez et al., 2006) 1.6 3 3> 5 4du, i5w bl i, @S5 w0 s s 3,15 o Sy e 4 5L 5 03

(PRD) 4y (oinzts 55kl b9, ¥

LS 4y Sl o B el UL 8 3 B el s (Engllish et al., 1990) ol (5lleS sk Sl p 3 K s ol
8 pod O s 3l 3 ile e St Kos cand 5 S 1 O )y S a3 SO i opl s oS e 0
Ao OLE | LT o5 sl e 1l sl Y IS0 S8 338 e o] Kos b 5 Sty 5 U

== ’t%?\" ﬂgﬁ:‘ _:‘, A ’ %‘_\ 7% 2 _i_; A
® !

alternating ]
I irrigation sides . |

TRATR

‘dry-side’ ‘welt-side’ ‘wet-side® ‘dry-side’

al ) Hidy 6Hlal gy 4 gyl o8 ) U

wi ) S 5kl (z & el (@
Jo& ‘5)1*3] (!

Skl o5 sl ) Elgil 9 JolS (sylel gl ¥ Yo

o b 4 oS sy edete VLI 55 (VAW) OLSGs 5 Grimes v s L sl ¢l s PRD oseie (ol 3

5 b le s Ll et b Ly 555 (V4V1) Sichani 5 Sepaskhah Loy e 5 sl slaniy o ok
&2 PRD 3ol 5 olowil PRD (555 Wl 53 (slos 28 Slalllan aalsl 53 123 8 513 aallas 3,50 01l 55 mlawr 3
f a el Sib e 0ul it 5 e sl 5 ol (Kriedmann and Goodwin, 2003) i eslicad 5501 ol s
PRD i wilSe Jl= nl L (Saeed etal., 2008) sls Koy Skt O 00y 5 Sbt Sdb s 5L s o s wlS

AY



V-1 raxdo f foylodi il < paro g (29,00 HOLS condigid g 5 59)50 55T ol fad O3 oyl 5 197 Sho

iy Goboa sl el ang 0L et Sl i Sl iy (ol ply i paseia JalS sb 4 Jpama A3
b bl b i a5l Sl O Gl 5 45 Lsls olis (Y oY) Goodwin 5 Kriedmann .16 s s
isbs Gl & bl i 45 WS 0l (oA OLKes 5 LU opl poodle apd Jime (Kat) ol ool 4l w
O30 58 S Sl el 358 0 a5 (ABA) M i) (sl g Lyl il ST 0T 3 a8 55l Koy S
f oS (S5 g b S Sl s s sl 4 Ol Ol b s et it slacSlr s 5 olS alyy 3 &S Sl aLS
5 e |y S 0 K& PRD s o oLS oy ol by (Kang and Zhang, 2004) s 55 o e ol sa olL
5> by Olojen L5k 4 5 3500 Sl Subla 5 S an s Al o 4SS o 5 1) Sl Al el s
(Zegbe etal., 2006) 1S o ol olS of 5L sl g 1 5L 3550 O sb e Sl
5 e Ll S al b GlS 6w e il e S 4 Ol e 1wk e bl s (S sk e
s S Olpe a4 ady, e okl () JS8) Ol 5 Sl sl e 03 315 5l 3 ool 5 5 skl ha
Sl a5 Goll e diny (Grimes et al., 1968) w3 S i3 eslinad 3550 Solal O Gyan 53 s 0,0
03,2 58 @ sd e 6555l ST (Sose e Sl o S slie () azm g (LT s S e3linad b Cilisie DY saome
Gl b 3 5 e lo kb oL sl 35, s PRD (Kirda et al., 2005; Sepaskhah and Ghasemi, 2008) ..
- «Leib et al., 2006) .. (Kang et al., 2001) .5 Jals (Sepaskhah and Sichani, 1976) L.l aile Y seems
(Duetal., 2008b) ,,5I 5 (Du et al., 2008a) 4., «(Kirda et al., 2004) S 3 >, (Shahnazari et al., 2007) .}

w53 oS okl sl PRD Jles!l (sl (LEPA) 335 [Lis oS SLL olel oy 51 i 53 ool o oslizud 3550
(Schneider and Howell, 1999) .5 esliul o go b aliess p S 5 055 ) 5r

PRD ,lsl b9y gye -

LS‘J"ASL}J}‘M C_',....u‘ ol o.)‘.) L;L;..?,Ji..:); Jﬂy}&w‘ﬁ ‘é—,{)—j}_}:{ﬁ leaw).} dl.ﬁ\.:f LSJJJJL;JUJMSJS‘

Mgzlbuéuu'l.\sb chJdQUJJQMMVjLM|U§AJ‘Jﬁ& d)L:.JPRD u:vj)buTg_ef.a.A)b L;_:_}e-d.éfp

11 Absisic acid

AY



V-1 raxdo f foylodi il < paro g (29,00 HOLS condigid g 5 59)50 55T ol fad O3 oyl 5 197 Sho

5 S ol 53 ol G S Ga) » e G ool WJle nl b ey DL e w pl 51 T i
°L3§:jﬁ“j§lﬁsjJéébg;ﬁjbw45))\5°L3§M)@L‘Q.):Nﬂ6w‘al‘;;ﬁéjjjﬁ)jﬁ

Syl bl
— _"--\.._\_\_\\
| DROUGHT STRESS
f,_.f‘\\ _,/'LRMH‘
—— e
T .
" S
a v A
Physiological Responses ‘ Biochemical Responses l Maolecular Responses
»  Recognition of root * Transien| decreass in » Siress responsive gene
signals photochemical efficiency CXpression

+  Loss of turgar and Decreased efficiency of
osmiodic adjustment Rubisco o Increased expression in
ABA biosynthetic genes

o Redoced leaf water ®  Accumulation of
potential () stness matabolites like )
MDHA, Glutathione, » Expression of ABA
»  Decrease in stomutal Pro, Glybet, Polyamines, respansive genes
conductance (o CO, and e<-tocopherol
s Reduced internal » Increase in antioxidative # Synthesis of specific
Oy concentration enzymes like, SO0, CAT, proteins like LEA, DSP,
APX, POD, GR and RAB, defydrins
o Decline in net MOHAR
photosynthesis
* Reduced ROS accumalation * Drought stress tolerance

» Reduced growth
rates

(Shao et al., 2008) Sis i & Jooxi Jo5g0 g 5 5elg 3ud Sleo .F i

PRD (g, 5o Sgyoad g (o lboowds JUSow -

S Jlsl s s ol S o 5 g3le Ll d 4 e (2 ABA il 13 (S Ll s S ey
o Ao Sty Kol (Zhang, 2004; Bauerle et al., 2006) 5 o sl Colds EalS caw oS 555 0 S
— st A 1 olS (gl s, olde 5 S e S ol el e 0 G5 O 2 b a8 Al e olS ) B Sl plend
Bahrun et al., ) =3 «(Ali et al., 1998) 6"5 03 S Ay S cww Sy ol (Kang and Zhang, 2004) ass
G e ialS G S A, 2alS s e (Topeu et al., 2007) S« S 5 (Liuetal, 2006) w3 o (2002
g g Ay b drw g 5 My a3 358 g0 SISy e s 0 ol il Sl (6 R S 5 358 0 655 5 0 S

(Taiz and Zeiger, 2006)
S19) oS Ol Cands ek 51 555 (€S) T kol plard 2SIy G Olye o ABA (s T 15 5
sladul b ol s Spsdeas et EST 8 Sl (See il ol 55 55 bl AS e Jas (Ssoden
Sl e (ST godm s slend e [iSTy QLS 5l s s (Liuetal, 2003) wil asls [ii olS 5505 50
Tardieu and Davies, 1993; Comstock, 2002; Wakrim et al., ) sl o azesly e OLLS 5l & 55 5 S o s

12 Chemical signal

AD



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Sl S Sl s e ol 8 end laniyy (Jols ool 33 ol 513 HS 5CS 1y 35 PRD x5 .(2005
S o 5 ABA (s, Culda RS g 5 gl okl € e slaniyy 5 s S il ol T Lily b
Kang et al., 2000; sobeith et al., 2004; Zegbe ) s 55 o (WP) Ul (5,50 0 Ll 53l 5 O G jeme 5 g e ol b
chls (pH wb sles sla sty L (et al., 2004; Zegbe et al., 2006; Saeed et al., 2008; Ahmadi et al., 2010
(Wiilkinson, 1999) s 55 oo slais, Culhs 2alS o or ALS (slalise)sn 5 Sdas sbal s

U o s o o Lol nl 3 o sl ot PH (Rl 5 (sdie slpe il alS o ol T 55
L3l o s 55 YL pH (Taiz and Zeiger, 2006) s 55 Jize €555, 4 3,25 0L, 32k 51 S 03 ABA Sl g i olis
oS b 51 S b O 1 s a8 das e OLES 3 g5t 5l JLSlast 3 olS a8 Wil s o2STs KOl 4 s
Bacon ) s 3 s Ll o pd PH das o 0L Sliis s ioeas (Lietal,, 2003) b o 2alS ABA 4 aols
Liu et ) L. 5 (Halbrook et al., 2002; Mingo et al., 2004) X 5 «> 5 «(Bahrun et al., 2002) < ,> (et al., 1998
Sl (Sresen g Ll o 3 ABA clle ol L oS il ol S o Sax L @l 2003

PRD (5 sl pomaw 30 385 Jobs -

OS5 5L 3 S €55 o oplply 55 e Sl sk Go b 5l st s Jas 61 CO2 5 5l baaiss, 51 Goms il s o

35 93l DS oS Sl s olS s s 508 e Ll (An) s a5 (@) s, Selds L 45,

(Taiz and Zeiger, 2006) 5,15 S Lot Conlom S anu s b anslio 53 bl [Lid [2alS o cd s Sl |5
.b)\.lf&ﬁj‘uPMPQM}&“J)J)\L{‘M]AJ{{Y}WJ{M&T&J“u‘

S5 S e Jole a5 Johe 0 CO2 e 2l 51 i ol 55 adsl ol e 55 anl 2alS glaiss, culia

50 JS2) lsss Solbe 5 e st Sdd oy e b ddaly s 4 Sos Sole S e slee 1) B8 e e i

xbjﬂ‘f\fy\ﬂd]#)J uidjjo)@: LJTJLJMLS‘MJJJQUAMWJMJECJMJIASWLM}

30

25+

20| /|\

15}

s

2

Afpmolm™

10}

5t

0 n‘_z |I'.-l. Ujﬁ n‘_x 110 1?.1 IT-L 1.6
g (mol m—25~1)
G143y Calud g jouweid Cud o (Jeore alaly -0 S
(Morison et al., 2008)(uwsly (oo (iblS o a3 w o (1 i Judo 4 AN a5 ano oo L glakais id3)

13 Stomatal conductance
14 Photosynthesis rate

AF



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Wiy e sb e e 5O Gl 45 il ) O (3T oS 4 s (PRD) als; isw bl e
ABA J..:!}.; u‘“"i‘]‘ﬁ‘ CA.C‘LJ &.;2— WJJ LA&;..{) ASJB )J ‘JJ‘JL;‘ 4.<4 ijlb W‘j )3 QI J¢L>:.S 4.: b °Lf.‘§ &:»:&Pj
Tang et al., 2005; Shahnazari et al., 2007; Du et al., 2008b; Saeed et al., ) sla;s,; colia alS v a5 L5 o
— o o3y OlE Jaws Cilie Loyl 3 s andllas op s (Davies et al., 2002) 55 o of G me SIS il 5 (2008
5 dsame Sis 4 Cala 4 Ko (il Ole) AL A PRD s ol (Sas glass, Culda 45 Il 55 a5 das
S Dldllas 3,8 a3 15 36 o BelS Ol banslie 55 gz 5 B sb w e gm s Ll (ol ol S oas L
Duet) ,,5I (Kang et al., 2000) <3 «(Kang et al., 2001) .5 |b «(Tang et al., 2005; Du et al., 2008a) 4.y oLS
Zegbe and Behoboudian; ) ... s (Zegbe et al., 2004) < «,5 «(Liu et al.,, 2008) .o o «(al., 2008b
s BB sk a4 g Cus Wles S 5518 a8 sl 5 (Kirdaet al., 2005) &5 5 (Liuetal., 2006) ooes s
S 4 il adlae 3ype ailie ol Lyl i bl 4 cl (S SUS s ol 4l 288 PRD e 3
.(Ahmadi et al., 2010) .l o3l Fo S o PRD s bl 5 =S

PRD (5l i 50 555 Jols 5lw Juo -
Cglla (o g ) Jases gl el 5 5 Jals o adaly 0als Ol gl (o2 b (i) ol 2L sladbe
Ball etal.,, ) coul ot i)l o a5 Cilires Ll i 53 (CO2 chale 5 s Cosby o L350 ABA Clile (glass,
o SS L OVAAY) OlLKas 5 Ball aal, &5 ws 5 slgliy (144¢8) 0,Kas 5 Tenhunen .(1987; Tardiue, 1993
ssd ol 3ls sy St Gl Al edas 364 g WSTABS 5 T 5 8 8 s Gl s
Wl ool b (Tardieu, 1993) s 3,5 IS & cielae b sladde b Js5 Sl mb & o (ol Sils ol
G038l s 355 PRD (gl glalasly o 5550 55 oS oDl 5 5aS 45 L5 S 25058 (YerA) 0, 5 Dodd
a ki mel Jal Jae S (T 8) 0o 5 AMMadi G sl 3ladie 53 JSie cal w5 5 0dd = ke 65550 4
I, Sk il slacsl 5 PRD Gilises glagsl 3 58 sl e ol 4t OBl &S 03 S il "0 Sl sla

PRD (5l powcmw j0 ©f Qi g ddy ) drwgi -

S St ol esdle (Wang etal., 2009) el St by ey 5 S Slid GU co als m38 s ana s
sl (Sl p3Y ol ol plil (S350 58 slacdlad Lai (gl «8) SISl din lsn 5 O Sl (6l e Sles
S sl 3 Ol Dl 5 Sl b e 4l s Ay e 5 D) @ e SIE 3 oS T 5 Sl wdls sy
.(Songsri et al., 2008) 55 o (St e Sl oy e Sl A=l lyls) Mai, Jsb ISPVt EPIPR-VE R
Dry et) aiy, Li, [l (Kang etal., 2000) 4 66 5 sl slaaisy diy [isll o PRD a8 sl 0lis L3 oladlas

15 Mechanistic gas exchangeable model
16 Root length density

AY



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Taiz and ) ABA (s 52 oA Sl b ad SHasda colaa 21530 (Mingo et al., 2004) <z, e (al., 2000
Ly Of Gl Ol 355 0 (Wang et al., 2009) (giae 3150 doniulssl 5 (Zeiger, 2006; Thompson et al., 2007
Colda g s 4 alies b b SRl oS bl b oalie 3 ol 5 el s s st oLl Sl e olS
Colds 3 bl ool (Kang and zhang, 2004) 1,ls 55 ol a5 cou oS cl OlalS ais; gla s (ST 50
e 03 B e s el gls adu; 55 Sl 5 e a4l laaty; dey 4 Sl S aty ;) (ST psus
5 b Ol i Ol sy Sssde Sulda oopl s edle (Kang and zhang, 2004) 555 Ol sdoee 0l sb e
5 i PRD s (gdie 5l ol 45 el 0l b cpizees ((PONT €t AL, 1992) il ol 53l 3 50mee (g5lol s S
030 slaals, 5 «(Kirda et al., 2005; Li et al., 2007; Wang et al., 2009) <.l Cilises o153 OV same s 4FI
Kang and zhang, ) . ls S 51 (g niy gdie slse ol (St Cusby 4 iy e mes s 4 PRD s su 1S53
(2004
Kang ) s 5 go s (F1) JolS (55l sy b amslie 3 (55 550 55k 4 PRD sl (bl a3 3 St oo sb,
s3dome Ol 4 s 511 (G B 15 e s s 4 a3 e OLES el ) (et @I, 2000; Rodrigues et al., 2008
SIadd b alyy e okl s S Ol ady, (Sasdes Solba 5 s 4 1 PRD el bl iy s
ol cls g2 pl(Liuetal, 2006) ol ol sdalie JolS Gl & s Sty aiy, S rie ad o g2
oS s el e s i lae GLISPRD i, b avslie 53 (5Ll oS 3s, &S o 4m 5 PRD 3s, 55 1, Sbs 51 iy
bl e Sl olS i) 55 e sUT Sk o ol (San 5 odd St S s baady ;528 Sl Ll5 e ol
North and ) s 53 Clals 4 56 sla 4ty [EalS 5 S ate sy OAS 42800 o 5ol Sy Sas 2 Sl 2y 3L
.(Nobel, 1991

PRD (5l piammean sbil5e -

Ol s Skl b oaslin 53 FD) LolS (bl lasles of G pme 0Ll 1glol Of G pme gLl Ll vV
b Jgame > (Ahmad et al., 2020; Rashid et al., 2019; Ezzo et al., 2020) 1L o [2aS PRD (s
W BT el bl b aslie 53 ol 5, Shas S5 sl (2818 4055 70 Olje 4 1y Of G20 PRD (Ll 55,
Solel s b a5 i 5, s Slikew addlae 55 (Kang and Zhang, 2004) 5 S luy ialS do s
ST b alie 53 3 Shas 2alS 55l S2alS doys £ b1 ol of G ,as PRD S s (55155 (slo ks
5 KISl e Al Ol ilies Gblie 53 PRD (gle s (g5lul o (Kang et al, 2001) LS salie JolS
Wil 5 LosSy 5o (S EL s B2 ol (e 3 (GONG et al, 2001) o 5 la Glagl > oL
RIS L3 YV B 3 5 L3 O 5 s ol la FL s sls 0L e (Kang et al., 2001) s oslia
.(Kang and Zhang, 2004) 3L

Dry ) 5550 il alS sla €55 51 (obot 53 s oS L sbo 0500 ) 5 o PRD (65 il 0500 S 55 Y
Ahmad ) ¢x§ «(Ezzo et al., 2020) _JL (Tang et al., 2005; Igbal et al., 2019) 4., J 52> (et al., 2000

AA



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

(Dorji et al., 2005) .5 e (Kirda et al., 2004) v.(;; 4> S J ya>s (et al., 2020; Rashid et al., 2019
el o Olgar bl Sl (5 ks o

Casby i ode o el s PRD (Ll s 53t slaaty; Ay s i ol slse 5 Sl Cdr Y
(Kang etal., 2001) .55 olS (g 5,5 olis 5 (ghrs 5l 40 (S

SOD wile et 5T (sl T e ol 25 Jaul 5 55 (LS ol o518 b Ot (5T 5 s k3 5 v
Jos (ROS) V058 e sl e sl o8> wilSs S Ol 40 5 A5 olS 53 APX 5 CAT POD
Sl sl ) b o A5 a8 5 il 4 3 oS (Sadak et al., 2019; Sadak et al., 2020) S
oMo (Sadak et al. 2020) wil o olsa 5 ST delesl Ll bl 3 OLLS el il (sl (sues 8
Abdollah etal., 2019; ) b s (FD) LIS 5Ll 51 2y PRD (63lal i 53 33 pds 5 JS 43 Ols e
(Igbal et al., 2020; Raza et al., 2017

PRD (6] s clso -

e 3 bl g e Bya8 DUl Al (gl aiss, o O ey & s PRD (Ll ot 53 ABA W5 v/
QLS 3 035 Conys W5 2alS Eol CO fals 35 e SLS Lo i 0 S ST (60 o JalS o I
do)n Vo s gde IO s Lol el ol b 3 S 288 1 e (glodalive cogee Ol 55 3 355 0 PRD s
(Shahnazari et al., 2007) ol s (35158 o S dS| (63 1S Cdr s 45 Shas 2alS

S gt e 3 6okl 53 SIS se opl st 53 el @Y PRD S sl sl e 325 by Y
Al sy aty; S b3 (5o Bl 4 SIS il See 352

P L

03 5 s Bl S Gl i asdS aas 5l 5 el OF i gl 6554 5Ll SPRD Ll b
s 4 S (§ SIS iy, PRD PERURCI PR S PRI & e bls bl 5 Ol oz LBl Cg
LS g grad o (53,5WS ST D an 53 Aoy 00 Olje oy Vsl 3 (63 Shes JRAS L Llg e 5 ol (oS
s dsame o35 5 LIS 65 sy s SokleS =l Golel Sl b aglio 53 15 o5 kS (pl posdle
ol ol oS el (S S g Sl S s e 1 6 o | PRD e il ( (SG1 Jel g 5 Jas
et Dl 23S a5l 238 plomil Ay Sl e 03 LSl (Ol] 53 b Gl GV a5l e Sl
lagle 51 eslizul Lol «oud bl Las K5 & PRD s 4 s (S 305 3525 (65,55LS Y e W5 sl
Igbal et al., 2019; Ahmad) 5 sl Lis PRD (e sl cpl 2 osdle (e s ¢x§ oS ol Szt Ile)
g i CuiS 5 Ol o5 0 Ll 3l col O as Dbl il l il Sl [2alS Olowes o5 J= s (et al., 2020

S o ol

17 Reactive Species Oxygen

A4



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Slolgcian .0

&:a:.\itf@\ﬂhg.;w\;»;u;a&Tﬁ@ung;:ML.}yﬁﬁjap,ﬁ>é\@ﬁu\eﬁijlou6&Tﬂg v
byl i Cow Calizes Y suzmes 55 PRDsp 5PRD70¢PRD1006'.’.1¢PRDWQI};QJ{Q O Hldie as 4S5 403
.;rsc;u:.w\ql:su&lfng

>}>'-JL«J}%&L&@\L}{*AA}J;@)\};&L;‘.Ae‘)j:ué)&a‘))@y)b&.h&\j6@&}%&6[&@) 4

.A;L‘.{Q.UJ'PRDMg;oa.u\,:w@.u«?uuw;ﬂufﬁl.\fw\p‘y.x.m,g;,u;,'lcfupb

3 305 Ol OT 1L 555 Jles! LLPRD

J;céu.'bw‘L;)LfTuTst_x_JAJQQT)‘Q‘}bU)J;Ls:l{“))‘u\ib PRD WJJGAL:?%|]’; \/

<\

5,8 S5 5ol 5 an 2asm b STl (il 1l )3 PRD g SIS

338 b5l b gr e 2T I3l 55k 4 PRD s 555587 (5 e pslin 5 i,

&lw .f

Abdollah, M.M.S., El-Bassiouny, H.M.S. and AbouSeeda, M.A. 2019. Potential role of kaolin or potassium sulfate
as anti-transpirant on improving physiological, biochemical aspects and yield of wheat plants under different
watering regimes. Bulletin of the National Research Centre, 43: 134.

Ahmad, S., Raza, M.A.S., Saleem, M.F., Zaheer, M.S,, Igbal, R., Haider, 1., Aslam, M.U., Ali, M. and Khan, I.H.
2020. Significance of partial root zone drying and mulches for water saving and weed suppression in wheat.
Journal of Animal and Plant Sciences, 30(1): 154-162.

Ahmadi, S.H., Andersen, M.N., Plauborg, F., Poulsen, R.T. and Hansen, S. 2009. A quantitative approach to
developing more mechanistic gas exchange models for field grown potato: A new insight into chemical and
hydraulic signalling. Agricultural and Forest Meteorology, 149: 1541-1551.

Ahmadi, S.H., Andersen, M.N., Plauborg, F., Poulsen, R.T., Jensen, C.R., Sepaskhah, A.R. and Hansen, S. 2010.
Effects of irrigation strategies and soils on field grown potatoes: Yield and water productivity. Agricultural
Water Management. 97(11): 1923-1930. DOI 10.1°016/j.agwat.2010.07.007.

Ali, M., Jensen, C.R. and Mogensen, V.O. 1998. Early signals in field grown wheat in response to shallow soil
drying. Australian Journal of Plant Physiology, 25: 871-882.

Bahrun, A., Jensen, C.R., Asch, F. and Mogensen, V.O. 2002. Drought-induced changes in xylem pH, ionic
composition, and ABA concentration act as early signals in field-grown maize (Zea mays L.). Journal of
Experimental Botany, 53: 251-263.

Ball, J.T., Woodrow, |.E. and Berry, J.A. 1987. A model predicting stomatal conductance and its contribution to the
control of photosynthesis under different environmental conditions. In Progress in Photosynthesis Research,
(ed. J. Biggins), 4: 5. 221-224.

Comstock, J.P., 2002. Hydraulic and chemical signaling in the control of stomatal conductance and transpiration.
Journal of Experimental Botany, 53: 195-200.

Davies, W.J., Wilkinson, S. and Loveys, B.R. 2002. Stomatal control by chemical signaling and the exploitation of
this mechanism to increase water use efficiency in agriculture. New phytologist, 153: 449-460.

Dodd, I.C., Egea, G. and Davies, W.J. 2008. Abscisic acid signalling when soil moisture is heterogeneous: decreased
photoperioed sap flow from drying roots limits abscisic acid export to the shoots. Plant, Cell and
Environment, 31: 1263-1274.

Dorji, K., Behboudian, M.H. and Zegbe-Dominguez, J.A. 2005. Water relations, growth, yield, and fruit quality of
hot pepper under deficit irrigation and partial rootzone drying. Scientia Horticulturae, 104(2): 137-149.



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Dry, P.R., Loveys, B.R. and During, H. 2000. Partial drying of the rootzone of grape. Il. Changes in the pattern of
root development. Vitis, 39(1): 9-12.

Du, T., Kang, S., Zhang, J. and Li, F. 2008a. Water use and yield responses of cotton to alternate partial root zone
drip irrigation in the arid area of north-west China. Irrigation Science, 26: 147-159.

Du, T., Kang, S., Zhang, J., Li, F. and Yan, B. 2008b. Water use efficiency and fruit quality of table grape under
alternate partial root-zone drip irrigation. Agricultural Water Management, 95: 659-668.

English, M.J, Musick, J.T. and Murty, V.V.N. 1990. Deficit irrigation. In: Management of farm irrigation systems
(Hoffman, G.J., Howell, T.A., and Solomon, K.H., Editors). ASAE Monograph no. 9. American Society of
Agricultural Engineers publisher, 1020p.

Ezzo, M.l., Mohamed, A.S. and Glala, A.A. 2020. Utilization of grafting technique for sustaining cantaloupe
productivity and quality under deficit irrigation water. Bulletin of the National Research Centre, 44: 1-11.

Fernandez, J.E., Diaz-Espejo, A., Infante, J.M., Duran, P., Palomo, M.J., Chamorro, V., Giron, |.F. and Villagarica,
L. 2006. Water relations and gas exchange in olive trees under regulated deficit irrigation and partial root-
zone drying. Plant and Soil, 284: 273-291.

Gholipoor, M., Sinclair, T.R., Raza, M.A.S., Loffler, C., Cooper, M. and Messina, C.D. 2013. Maize hybrid
variability for transpiration decrease with progressive soil drying. Journal of Agronomy and Crop Science,
199(1): 23-29.

Grimes, D.W., Walhood, V.T. and Dickens, W.L. 1968. Alternate-furrow irrigation for San Joaquin valley cotton.
California Agriculture, 22: 4-6.

Guang-Cheng, S., Zhan-Yua, Z., Nac, L., Shuang-Ena, Y. and Weng-Ganga, X. 2008. Comparative effects of deficit
irrigation (DI) and partial rootzone drying (PRD) on soil water distribution, water use, growth and yield in
greenhouse grown hot pepper. Scientia Horticulturae, 119: 11-16.

Igbal, R., Raza, M.A., Saleem, M.F., Khan, I.H., Ahmad, S., Zaheer, M.S., Aslam, M.U. and Haider, I. 2019.
Physiological and biochemical appraisal for mulching and partial rhizosphere drying of cotton. Journal of
Arid Land, 11: 785-794.

Igbal, R., Raza, M.A.S., Valipour, M., Saleem, M.F., Zaheer, M.S., Ahmad, S., Toleikiene, M., Haider, 1., Aslam,
M.U. and Nazar, M.A. 2020. Potential agricultural and environmental benefits of mulches-a review. Bulletin
of the National Research Centre, 44(1): 1-16.

Jovanovic, Z., Stikic, R., Vucelic-Radovic, B., Paukovic, M., Brocic, Z., Matovic, G., Rovcanin, S. and Mojevic, M.
2010. Partial root-zone drying increases WUE, N and antioxidant content in field potatoes. European Journal
of Agronomy, 33: 124-131.

Kader, M.A., Singha, A., Begum, M.A., Jewel, A., Khan, F.H. and Khan, N.I. 2019. Mulching as water-saving
technique in dryland agriculture. Bulletin of the National Research Centre, 43(1): 1-6.

Kang, S.Z., Shi, P., Pan, Y.H., Liang, Z.S., Hu, X.T. and Zhang, J. 2000. Soil water distribution, uniformity and
water-use efficiency under alternate furrow irrigation in arid areas. Irrigation Science, 19: 181-190.

Kang, S., Zhang, L., Hu, X., Li, Z. and Jerie, P. 2001. An improved water use efficiency for hot pepper grown under
controlled alternate drip irrigation on partial roots. Scientia Horticulturae, 89: 257-267.

Kang, S.Z. and Zhang, J.H. 2004. Controlled alternate partial root-zone irrigation: its physiological consequences and
impact on water use efficiency. Journal of Experimental Botany, 55: 2437-2446.

Kirda, C., Cetin, M., Dasgan, Y., Top¢u, S., Kaman, H., Ekici, B., Derici, M.R. and Ozguven, A.l. 2004. Yield
response of greenhouse grown tomato to partial root drying and conventional deficit irrigation. Agricultural
water management, 69(3): 191-201.

Kirda, C., Topcu, S., Kaman, H., Ulger, A.C., Yazici, A., Cetin, M. and Derici, M.R. 2005. Grain yield response and
N-fertiliser recovery of maize under deficit irrigation. Field Crops Research, 93: 132-141.

Kriedmann, P.E. and Goodwin, 1. 2003. Regulated deficit irrigation and partial rootzone drying. Irrigation insights
no.4, Land and Water Australia, Canberra, 102p.

Kundzewicz, ZW., Mata, L.J., Arnell, N.W., Doll, P., Kabat, P., Jimenez, B., Miller, K., Oki, T., Zekai, S. and
Shiklomanov, I. 2007. Fresh water resources and their management. In: Parry, M.L., Palutikof, J.P., vander
Linden, P.J., Hanson, C.E. (Eds.), Climate Change 2007: Impacts, Adaptation and Vulnerability Contribution
of Working Group Il to AR4, IPCC. Cambridge University Press, Cambridge, UK, 173-210.

Leib, B.G., Caspari, H.W., Redulla, C.A., Andrews, P.K. and Jabro, J. 2006. Partial rootzone drying and deficit
irrigation of ‘Fuji’ apples in a semi-arid climate. Irrigation Science, 24: 85-99.

Li, F., Liang, J., Kang, Sh. and Zhang, J. 2007. Benefits of alternate partial root-zone irrigation on growth, water and
nitrogen use efficiencies modified by fertilization and soil water status in maize. Plant and Soil, 295: 279-291.

Liu, F., Jensen, C.R. and Andersen, M.N. 2003. Hydraulic and chemical signals in the control of leaf expansion and
stomatal conductance in soybean exposed to drought stress. Functional Plant Biology, 30: 65-73.

)



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Liu, F., Shahnazari, A., Andersen, M.N., Jacobsen, S.E. and Jensen, C.R. 2006. Effects of deficit irrigation (DI) and
partial root drying (PRD) on gas exchange, biomass partitioning, and water use efficiency in potato. Scientia
Horticulturae, 109: 113-117.

Liu, F., Song, R., Zhang, X., Shahnazari, A., Andersen, M.N., Plauborg, F., Jacobsen, S.E. and Jensen, C.R. 2008.
Measurement and modeling of ABA signaling in potato (Solanum tuberosum L.) during partial root-zone
drying. Environmental and Experimental Botany, 63: 385-391.

Mingo, D.M., Theobald, J., Bacon, M.A., Davies, W.J. and Dodd, I.C. 2004. Biomass allocation in tomato
(Lycopersicon esculentum) plants grown under partial rootzone drying: enhancement of root growth.
Functional Plant Biology, 31: 971-978.

North, G.B. and Nobel, P.S. 1991. Changes in hydraulic conductivity and anatomy caused by drying and rewetting
roots of Agave-Deserti (Agavaceae). American Journal of Botany, 78: 906-915.

Rashid, M.A., Zhang, X., Andersen, M.N. and Olesen, J.E. 2019. Can mulching of maize straw complement deficit
irrigation to improve water use efficiency and productivity of winter wheat in North China Plain? Agricultural
Water Management, 213: 1-11.

Raza, M.AS., Ahmad, S., Saleem, M.F., Khan, I.H., Igbal, R., Zaheer, M.S., Haider, I. and Ali, M. 2017.
Physiological and biochemical assisted screening of wheat varieties under partial rhizosphere drying. Plant
Physiology and Biochemistry, 116 150-166.

Saeed, H., Grove, I.G., Kettlewell, P.S. and Hall, N.W. 2008. Potential of partial root zone drying as an alternative
irrigation technique for potatoes (Solanum tuberosum). Annals of Applied Botany, 152: 71-80

Sadak, M.S., Abdalla, A.M., Abd Elhamid, E.M. and Ezzo, M.I. 2020. Role of melatonin in improving growth, yield
quantity and quality of Moringa oleifera L. plant under drought stress. Bulletin of the National Research
Centre, 44(1): 1-13.

Sadak, M.S., El-Bassiouny, H.M.S. and Dawood, M.G. 2019. Role of trehalose on antioxidant defense system and
some osmolytes of quinoa plants under water deficit. Bulletin of the National Research Centre, 43(1): 1-11.

Schahbazian, N. and Iran-Nejad, H. 2006. The effects of different mulch types and irrigation intervals on cotton
yield. Die Bodenkultur, 57: 765-766.

Schneider, A.D. and Howell, T.A. 1999. LEPA and spray irrigation for grain crops. Journal of Irrigation and
Drainage Engineering, 125: 167-172.

Sepaskhah, A.R. and Ghasemi, M.M. 2008. Every-other furrow irrigation with different irrigation intervals for
sorghum. Pakistan Journal of Biological Science, 11: 1234-1239.

Sepaskhah, A.R. and Sichani, S.A. 1976. Evaluation of subsurface irrigation spacings for bean production. Canadian
Agricultural Engineering, 18: 23-26.

Shahnazari, A., Liu, F., Andersen, M.N., Jacobsen, S.E. and Jensen, C.R. 2007. Effects of partial root-zone drying on
yield, tuber size and water use efficiency in potato under field conditions. Field Crops Research, 100: 117-
124.

Shao, H.B., Chu, L.Y., Abdul Jaleel, Ch. and Zhao, C.X. 2008. Water-deficit stress-induced anatomical changes in
higher plants. Comptes Rendus Biologies, 331: 215-225.

Songsri, P., Jogloy, S., Vorasoot, N., Akkasaeng, C., Patanothai, A. and Holbrook, C.C. 2008. Root distribution of
drought-resistant peanut genotypes in response to drought. Journal of Agronomy and Crop Science, 194: 92-
103.

Taiz, L. and Zeiger, E. 2006. Plant physiology. SinauerAssociates, Inc., Publishers, 764p.

Tang, L.S., Li, Y. and Zhang, J. 2005. Physiological and yield responses of cotton under partial rootzone irrigation.
Field Crops Research, 94: 214-223.

Tardieu, F. and Davies, W.J. 1993. Integration of hydraulic and chemical signalling in the control of stomatal
conductance and water status of droughted plants. Plant, Cell and Environment, 16: 341-349.

Tawfik, R.S. and EI-Mouhamady, A.B.A. 2019. Molecular genetic studies on abiotic stress resistance in sorghum
entries through using half diallel analysis and inter-simple sequence repeat (ISSR) markers. Bulletin of the
National Research Centre, 43(1): 1-17.

Tenhunen, J.D., Hanano, R., Abril, M., Wieler, EW. and Hartung, W. 1994. Above-and below-ground
environmental influences on leaf conductance of Ceanthus thyrsiflorus growing in a chaparral environment:
drought response and the role of abscisic acid. Oecologia, 99: 306-314.

Thompson, A.J., Andrews, J., Mulholland, B.J., McKee, J.M.T., Hilton, H.W., Horridge, J.S., Farquhar, G.D.,
Smeeton, R.C., Smillie, I.R.A., Black, C.R. and Taylor, 1.B. 2007. Overproduction of Abscisic acid in tomato
increases transpiration efficicency and root hydraulic conductivity and influences leaf expansion. Plant
Physiology, 143: 1905-1917.

ay



V-1 camio F io)lads 3 dle yhro 3 o19,I0 GlOLS (oodigld 5 (55551 judsS] ol fuad OIY (sl 5 597 Sho

Topcu, S., Kirda, C., Dasgan, Y., Kaman, H., Cetin, M., Yazici, A. and Bacon, M.A. 2007. Yield response and N
fertilizer recovery of tomato grown under deficit irrigation. European Journal of Agronomy, 26: 64-70.
Wahbi, S., Wakrim, R., Aganchich, B., Tahi, H. and Serraj, R. 2005. Effects of partial root-zone drying (PRD) on
adult olive tree (Olea europaea) in field conditions under arid climate I. Physiological and agronomic

responses. Agriculture, Ecosystems & Environment,106: 289-301.

Wakrim, R., Wahbi, S., Tahi, H., Aganchich, B. and Serraj, R. 2005. Comparative effects of partial root drying
(PRD) and regulated deficit irrigation (RDI) on water relations and water use efficiency in common bean
(Phaseolus vulgaris L.). Agriculture, Ecosystems & Environment, 106: 275-287.

Wang, H., Liu, F., Andersen, M.N. and Jensen, C.R. 2009. Comparative effects of partial root-zone drying and
deficit irrigation on nitrogen uptake in potatoes (Solanum tuberosum L.). Irrigation Science, 27: 443-447.

Zegbe, J.A., Behboudian, M.H. and Clothier, B.E. 2004. Partial rootzone drying is a feasible option for irrigating
processing tomatoes. Agricultural Water Management, 68: 195-206.

Zegbe, J.A., Behboudian, M.H. and Clothier, B.E. 2006. Responses of 'Petopride’ processing tomato to partial
rootzone drying at different phenological stages. Irrigation Science, 24: 203-210.

Zeghe, J.A. and Behboudian, M.H. 2008. Plant water status, CO, assimilation, yield, and fruit quality of 'Pacific
RoseTM' apple under partial rootzone drying. Advances in Horticultural Science, 22: 27-32.

qy



