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Table 1- Meteorological information for station of Dryland Agricultural Research Institute (DARI) in cropping seasons and
long term (20 years)
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Figure 1- Variation of rainfall and air temperature in 2018-2018 (A) and 2019-2020 (b) cropping seasons
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Table 2- Soil physical and chemical properties of experiment location (0-25 cm)
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) i B ) TR TR 150 TP TR HO Telowd pRg g5 Amrme ) o o
BT TR Y MY, AOTRGEE S TeSon T (AN TR ey TS TER ME] (4 e s fed Iaquimn wew) 1§ hT) ‘apem arenbs nd seids o QU] SPSN TIETEM [FUIs PUESTON (WM PR REUS (15 PEL TR (10 PR EaBorg 141
(&prgeqord 9 C) 152 amea apdymm TEMUNT 0} SUTPIcI0E MRBHIP AJUEIGTIETS 0T 2IE SIIN[oD U1 10]0E] [RE2 10] SRYI] MES A} [ SIeam 3]
< el of o 0 K of e el e o i e oS0 s of R e R oy e

b oo g Jool il

il j U @S (G gij ¢

Yav

e E
ar'19 ELBC E§VE ECLTT EC8 LA ET9 B[O L Fil T ELGY EQOE EEIED ETCEE EFQ05 F55, mman
qac’19 qreg qree ECLTT EC8 L A L3S By 89 q8°€C ECBY EgLE BECO9 EpEte PECLED = J00H
B9 qreg AUTE EGOTT E0'8 ELOT B9 By L9 BT EGEY 9.9t QC0LS BEQTE 4r968 577 gENEL

£ adijonan
509 BGLS ELTF a8l 11 By6 968 BL9 B9'69 BT ECIS qlce BIOTL BpELE BOFa0T 0zl
ac1e BIBC q09c qel1n ar's e ELQ BE'LO BS¥L BLEC BT'LE qQeEeD as9te apaL6 08
E[°L9 E§LC KB 8911 q18 LATA qe09 B5 09 q0°ET EI8F ECLE 0919 qA66LE 965¥6 o
B9 9679< PO"9T PRI w9 a5¢ EC'O9 qTET a6Tr BLLE WV WTILT BYIL 0
PR (B 8) meSamy]
B9 BCTLS aqrce ETLTT BGL BLOT E)9 ET'89 BCET EgRT BELE BLLLS EICTE ECHOS T dg
ac'19 E§LS BETE ETLTT B8 BLTI B9 E5'09 BLVT E06T BLOE BGOT9 EFIPE BTL96 i
{1 sumy
are BERE BLOE BOUTT BTG BF¥1 BCO ECIL BLCC BGaF ED'6E B/COL BFOLE BIZE0T 0E=0%
B9 q0°LE qroe Q911 qrL B06 < 909 96 EQ8¥ qrce q886¥F q898¢ qQoF8L 0s
ki (toem) mongeSa
aF'19 aFoc BL'EE ETLTT B0'6 BER ET9 EQ'CO BLET aFoE ECLE acTTs 916 QOET8 66786
B)19 B5BC B CE BOLTT BEL BDCT El9 BT QL By ¥ k) B OE BIZ89 EOTLE BOECOT 867L6
% ) ) % ey 5y e ms 5%9 TWSN 3 I
59 H AN as e ERTN = Ha S ML = = i "l
vy 0 e HEFD gy 7 e i A1 e £ ¢ Freve FmAsr smear e SO 9y pqgdoge srsfogr ol i

SIS BT [EJUSILIAY pamseaunn e smos jo nostredmed uesfy ¢ 3jqe ]
= A A e ? ( omm e KO A of mf 2 g



YE++ by € 0)lod VA ala (ol ) (£,5 Syl apmis  TAA

Sgste S S 5 (e oSS (bl Pl (9 g w0 Ll
Ay 50 aliiw dlss g0 calisee pglaw B pan b aild 3 Slas
2y L)) 3 a8 Klod)S (155 55 (6 ol Sdingy 5l
J.a‘.c u;))))}o Chad J.>‘9 2 dl.u.w Slaay £ (2 ]c.)‘).w 61): o
935,15 o o Sl LiE ,Son e 90 g aib 5 Shas Liul38l )
o &l 3 ySlas 1 w2 balpd 0 &b 59 S o)lse (S o >
Mahmood and Shahid, 1991; Feiziasl et ) cul oais 5,35

(al., 2014

3fdes b3 Slas (lial sl P 4 65 (s 5 38 ls

o dow y 2 0 L ool ol o uSle zlam 53 il
M mize g o yabay Iy 4l 5 Slas @lyuss jl do > £V Jiius
angd 1y phew oyl Gl opl 50 Lol W55 a>e5 (P<0.01)
Ao FF L o daly 50 dius sl s iy aily 5 Sles
VYL ash jlia ois coled 50 g 4o pd YO L dliw 4o ails ol
L olyod o dly 50 dliaw dliad cdad oo i (ol il oy
byl s o1y o paiS 0y Sas Uilgs o aily 5,8l (slinl plo
3 aS el Jls 3 ool (F Jads) misu ey (eSS 6Ll

Y = 0.483X; + 0.356X, + 0.367X5;R? = 0.67 & RZ;; = 0.65
Y: Grain yield, X;: Number of spikes per square meter, X,: Thousand kernel weight and Xs: Grain

number per spike

(n=48) b )low (nSilo Zshaww ;3 &ils 3,Mos sljal (132 P & 1 (ygaw 55 450 i —€ Jgoa
Table 4- Results of stepwise regression analysis for grain yield components at means of treatments levels (n=48)

5,105 buw] gy s 2 %0 e 2 R0 e
i " 3 bl glbs B et SISl e e any o Sles any
Variable Standardized Standafrd* Coefficient Ttest  Contribution  Contribution of
prage . error of § B Standard of variable in  variable in yield
Coefficient (B7) error yield (%)
Al - - -5697.9 1082.5 -5.3*** - -
Constant
5 dliw sl
Number of 0.483 0.0966 6.1 12 5.0% 0.29 44
spikes per
square meter
ob e osp 0.356 0.0896 99.3 25.0 4.0%%* 0.14 21
TKW
50 by sl
i
Grain 0.367 0.0984 98.4 26.4 3.7 0.24 35
number per
spike

o YA L prdaw g > aliw dlaws o] 3 a8 sy olaid] 545
395 A o eyt Slio (p P ) 42 g Cn il e U
S stalefl slojless o)) (AT US55 0 Jgaz) ol olas]
sbaslas a5 3b (L 4 5o ol 3 (2Ll 2y90 Slio azgi
a by (FY 5 YA XY clialiine) asly 5 Sles ddlge 4y K38
o3 pLE)l ) cS A ()98 IS 53 p)SokS A Bpas Jles
5438 ol (BY USei) 0g: ¥ ol gy 5 SIS
e 0 p S LS Ar 8y ins oS dad o i ool sla fulos
9050 ddgi |y pda s dnly )0 dliw dlawy Slas Yol 59505

slial g ash o Slae Jol sladdlge 45 4355 (K0 (gom

5 Al 2w g g dliis 0 &l lawd s g a5 0l L > Slee
il 53 s 3,Shat L 1y e Snad (1t s 20
48" Wdges dngi 1y Ol pss duopd AV 2gds ol ddlge 90 cazes oyl
Ay 50 dliw dluw g alsw ) b Sl Cudo 90 Jgl ddlgo )
¥2) by 5, Sas olyod 4 a4 g5 o> VF 5 Y b sy pdaws
O adlge (il 3 By 1)yl gne g Cute B (p piy (30
059 9 polamsl sg 3 a1y aly o 5l aco Y Las 4ol lia
Gy Sl 5l ao)d VY 25ds pod ddlge ;0 Jatue jobay aily)lia



YA4 sl o puid slacaiss) dwly (ol ySad g Juol (odud

390 pB)l (sly (559555 W laiea 1) Hlowd ol olgi o domis )
Dged (Bye (LSS o)lal baalyd > oL

u.&;iLoﬂ Gjlos o oellas Cundg 3 Al > &b dlass bl
a4 ipg ) ash oy Slae Gy (o b L;b (Y Jsda) cuils
Do O3 S 3 p)S kS Ar e 4 bgyye (Lol slaadlge

(B)
Biplot (axes Fland F2: 82.86 %)
3 TRVV
obs29 | obsh2
2 obsaz *°
Ohss o Qs ]
1 * opaftii,| ol 00
. dOsz
) Wi L) o SN
513 0Ob 40 s
= 0 . %‘fﬁj I 1 S 8bs3) FUE] GY
~ +
o Obs32 No. gralnfhead
™~
* 1 Obs%ﬁsgé?absz% . ® obsas
- obszzb@m I * 2o
%9& Obsts
-2 1 Obs16 Spikefm2
-
Obs12
-3
-4 -3 2 1 0 1 2 3 4
F1(55.75%)

| « Active o Supplementary e Active variables |

(A)
Variables (axes F1and F2:82.86 %)
1
TKW
0.75
0.5
0.25
F GY
b P
0 0 } } t i I .: -
= No. grain/spik
'S
-0.25
-0.5
No.
Spike/m2
-0.75
-1
1 075 -05 -0.25 0 025 05 075 1
F1(55.75 %)

(B) (lijy 2590 o agi 13 g0 (S ko 9 (A) 3,5es (gl5aT 9 3,80as iy (5L Y JSS
Figure 3- Biplot of grain yield and yield components (A) and effective treatments in contribution of triats (B)

Lo (ke 53 adele il g oo ;3 9 0329 y23le (ol aratlge 4 &35 -0 Jo>
Table 5- Principal component analysis, eigenvalue and variability percrntage of factors in mean of tretments

P93 Jole  Jgl Jole

Traits oo

Grain yield «l 5 Slas

No. Spike per m? gaw sly ;3 i sl
Thousand Kernel Weight 4lsl5 39
No. Seed per spike alow y als slus

0.003 0.861
0.311 0.525
0.770 0.161
0.001 0.683
1.085 2.230
27.12 55.75

Eigenvalue o35 53
Variability (¢ i s 10y

Syman Gl L ey Bpae (o)) LI S a3 e ol
Feiziasl, 2007; ) 5,15 (g5 yw Lialojl 3)90 adlaie ;5 59,55
Sadras and McDonald, ) JUs>Se 4yl (Feiziasl, 2011
S (38555 355 Byme IR L S W3S 55 (2012
g5 31y alasly ol ol el aal58l o a8 el o 51 oolizl
@l L ol 09 p9d )0 (ogad 3 45 S (Byme pgd 42
S polie jloolazwl ol Jdo Wls o)l cisllas psls yimgh
Acufia ) o, Ken ¢ UgST .l o390 U1 Lo 53 o595 oYL
Gyme Ly s pS el |y T 5l eolizul ), (et all, 2015
SUly, 5 (i) s oo 5l O il ialS g )59y e
Ay ol ol Jlae iy g Bkey doyd Vv & o yd OA ]

Ojgmoday gy jl odlatwl (el (L gy Span b

2 Spmas Ly S (gyoban (AY JS5) cuils (o5 e (s
Olie o pmate ool jl edlatal (G ()39t S 55 25 ekS
1 ooliial LS M5y .l LialS o Sels s p Sk -/
Soline joboa O sl oslitl LIS (59555 B ymo b ¢ya 0
@bl 5 Oisrw Srae Gl o iy 5 <8l 381 (P<0.01)
&9 3l b 0,Slas g (9,55 Glie o ) Wilen Ol Sl ool
@S 0iaris eSS Gpae b daly (pl Billae g ot
ol o LS 3 p SolS /Y (Silke paboy Ol ool
2 eSS WO li 8l ecsl (ol 5 (BY JS3) sl (ol
3 Omter sLa s ol (OF JS2) 43 s 3 Shas lSa



YE++ ol € 8)lowd VA Al eyl ) (£1y5 Slomidgiy ds i Yo

YEe YY) oolol jlado g (5o due 450 B ¥A) YU jlas S5)b
A5l BT Gtalojl byl )3 (20 e

(B)

y = 0.0208x + 6.8785
9.5 R?=0.9511

10.0

ol 31 eslaal ol
Water use eficiency (kg.ha'.mm")

6.0
5.5
5.0 T T "
0 40 80 120
Nifrogen (kg.ha'!)
Ofars
4000 -
3800 4

3600 -
= 3400 -
1 3200 4
3000 -
© 2800 -

2600 4

ails 3 Slos
yield (kg.ha')

rain

G

2400 +
2200 +

y = 406.82x +9.9849
R? = 0.9902

2 A8 dwy Jgae (nl )3 e lis 3 )iSe )3 £ SHLS Y i
Cude g adloe plp VIV ol (ingly bulyd (n it b dunlie
i ) gl Wil oyl imgh 4 b o] Lislb M3

(A)

-
o o

[} y =-0.1036x + 20.057
R*=0.7709

_
= o

O 31 eslawl  ol,ls
Nitrogen use eficiency (kg.kg")
i~}

10 1
8 4
6
4
2 4
0 T r ]
0 40 80 120
Nitrogen (kg.ha)
Ol

©

2000 T T

T
6.0 6.5 7.0 7.5

T T
8.0 8.5 2.0 9.5 10.0

Water use eficiency (kg.ha'.mm)

< 51 aliiw! 1,5
Ay 3,5hos g & 31 o5lus] (1,18 op dbaly o (B) & 51 odliiaw] 1,15 o (A) o9 5 03Wiaw! 1,5 21,5 9 (35950 o abasly —€ UKD

(©)

Figure 4- Relationship between nitrogen rate, nitrogen use efficiency (A) and water use efficiency (B) and water use efficiency
with grain yield (C)

alayly wyy j90 slacsg; ash 5y Slas 5 aliw ) 4l
ShI> a5 Y ojlad iy cnlple (it sg2 (i) ()b sixe
Olg=sdn g bjlogd (ke Ll )5 a3 &l Slass oy i
{AD J83) ab a3l ogllas oy
gl 4l (pSg blod | () 090 slacsl o
dde m ab a8 Shodw bld bl wui selie o)l bxe
3939 (P<0.01) (g, sixe ey dtwlis duopd g &ild 5w o
9V ojlod g bgrpe il (S g (Jj 2ae (p pidy il

byl Slio xSile dulio s touigij 1 (o

9 451 (Sojglgn 3 Sdes cp i (¥ Jgi2) 3> QU5 oy 2590
g LSa 5 p)SelS FYIY o YY) ASFE | iy olS
5 So5slom 3,Skes o g3 (yle] bl §1 48 el sy ¥ oylas
IS 550 598 by b g (PO.0L) (gys gixo ISS o8, b ol
glis by 3o Blod I (o) )90 Coigif Ao o 285 )3
2 S5k M Lol b Sslis (it 5 Sl g2 ()b e
M e Las by 0,Sloe 25 du jl oS pl 4 dn g b g LS



¥l aibome) b poss sbcassij gawly (ol 5o g ol i

O 5 (s 50 Sy sl ol Brae S ) ity
Sadras and Angus, ) we-S5l § (el ol Lol Wil oo pols
osliial S ia e 2 iS5 p,SskS AR uSikis b (2006
Diagim L 4 S0l Wl 1988 )5 03 paiS (gl
bl eyl

sladosle nySete olsed 05 50 ol iz ol
3ySdes lial g ) Sdas 59) ;2 GB932 =) > (s 290
ol oo 93 53 (Brae (a5t ol Lol 09y )b ixo e
O3l L g el Jod go5 il alaly Loyl 50y 0 a8 0l LS
Ol &l 3)Shos LS 53 p S ShS WY B (S pas ()95 Glise
2 O5ars Srmas golaw (oled 3 4l 3y Sl e b
L5 00) )LiSo 10 p )5S AD (3:Siko ooy oo Ae ol
o=l 48 090 e ke 00 ()l ) i (LS 3 p S5l WYY
e Yo i s pod al> po (oSS ole] 151 S il
Gl L (Spae 355 (g dlaily (63190 iz > (BO JS) o
$Wayse plie ate jlade dipy QL) ] s &gy olS
3] oobatl Jluw (535 5ai )3 5 Stngly Jla b illas olS
Aoy bl o LSl g o iedle 9 33,5 (oo s (39 9
Ol o pSslio bl cpl & AL o Jga B 3 Sloe
e so A a4 bt (g)lol Bliss zolaw 5 ()] B pas
STl e ool 3illae L(Feiziasl, 2008) il o 5ySlas
O3 53 (595 JiSa 53 ) 5hS Ve Gpme il loj 53 ()l
riacsa B) (o)l doyo 93 sl g (ISl ©)ygon cilS
Syan (20 Sy SN pyg8 Al yo )3 plolen Yo g cllS o
b > ol pgw 9 45 33500 dogi 039y LS 13 p 5ok A
We by oo (g6 LS 3 )59 LS 71 ) sl L lejn
ps> ad>yo )l b plojon ol pow S g (03] i )3 pSokS
(os9l Sl 33 )5S FO L Jolao (g S )3 o558 Y+)
(Tavakkoli and Owise, 2002) gl 5 (M5 D9 o B puao
2 1) eSS )bl il gl b (Bpae (59550 o ) 30
e Gl L 5 ol (tmgsy )3 200l )15 () 350 IS
ol ) 9 Bl (I oyt a4 pAS sl (Bpe
O)ygo 4 (g Spae b 4l 3 Slae (Al Ol Bpan YL
@S 25 pgd a2y g5 5l Ol Byme ol gl 3 Ll s
P2 Brae 39y A od pAIS gy pogad 3 gl g,
ol > Lol dasly (392 (s (pizmam g o)l cilises sk
2 cdllas pilb Giagh ) ol @l b sled VY

(¥ i) 290 SIS 08 4 bogsye ol oy
@hS o> bl )3 (59,5 paie Cudgioe 4 dagi L
Lol 22 IS5 08 51 ey o) 9 ¥ il 52 (595 ool
sl sy o i 4y 395 )l ine (g )lel Bl Sl cglis o
2 92 L) ¥ ojled lacussy jledlatul (Shg cul (195 )lixe
Sode (g% 53 29 @By Fge Kl oo (55 Cudgiome Lailyd
Oierw il edlal ey SIS (Sedrietal., 2017) ),Sen 4
= eSS NN LV IA) S5 LS 5 p)SohS ¥ (ke y5bas
Dy yaiie doopd YWY L VEIY NO- (5905 ol 5 (p)Ssks
= S (Feiziasl et al., 2016) Lo g Jol —ad
P e LS YYIV LV /R 000 paiS Sgis ¥V 0 1y (5,0 5l eolatul
I3 s I L5 FIY N0 55,55 Gk 5 555
SiBgi 9 b daleld 13 psls imgh jlodel Cunday guls L35S
b3S (Ayadi et al., 2015) o,LSen 5 s3] bl oo oniol,
23 bl yd 53 po)yed pAiS (wyp 3)90 GBS (&5 3)S
O3orw Syas (£ @b Bl | gy gme ©olds uigh j5iS
YUY BOSIY 5l oS ol aials Lol imgi 55 0,05 3459
odcel Cawnddy dlael b duslio p3 4l aield a5 595 p,55kS 1o oS 5kS
lSad 5 Spiilo bl o YUy (o390n U5 s g3, ]
il S lacuie o a5 W3, 555 (Mandic et al., 2015)
Bl Sy o sine gl s st 5 odlitel el S Lo
OBl LS cnl s sine ol cunslys ()39 5t B pae Lol
e Gilial U sl yimgls don diles yiolisl oyl a8 amd
Olore Bpas (o5 2 ke ol .cudly S e (59t
Y Sk b gl o j9-iS w balpd )5 (b paS 4l
el ] & 53,5 s pySoS 32 pSokS VIV B AN o i
ShLS b o gl img 5 edel cavday dlael I 5ol sl
(Brae 395 4 olS gl wle Al Jelge 4 ()79 5l oslatl
Cugby 058 Bpas (loj o8 g5 diile (Jame Cundy (pizren
gl ely Jolge (o5 3> St culsy 5 S (sl
9 o Joame S (sly calisee bl s )3 ool Cawndds ol
9 LT Ol 5l osliwl o),LS" jog—as ,> (Harmsen, 1984)
Uinlejl YV 13 a05 03,0 (9, » (Acufia et al., 2015) o, Ko
VOITAY) jioisden 80+ 51 iy la Sk b Wl 9™ 5
oot 4 3,Shos 45 (el o G pme IS (S e
Lol a55,S 5)155 st o o )l 55 5,568 VWA L VV/E
Lt e 1 5 53 ¢S5k T 1y 3 ezl S 51
AR TV 398 QLS ol 53,8 (B 5 s o e VA



YE++ Gl € o)lod VA Ala (! (£y5 Sloeidgiy apmis ¥ Y

(B)
®50mm A80mm
5000
4500 4 y =10.817x + 3114.7
~ 4000 R? = 0.9491
Z 3500 - A
i _i“ 3000 1’//./_'—/.
; 2 2500 ¢
? % 2000 y =6.1199x + 2501.1
2 1500 | R? = 0.8954
5 1000
500 -
o T T 1
0 40 80 120
Nitrogen (kg.ha)
Ofgre

(A)

3360 -

3340 4

y=-43.948x +4373.3
R?=0.987

w
w
~
=]

S 3300 4

415 3 Slos
Grain yield (kg.ha'')

= 3280

3260 4

3240

23.0 23.5 24.0 24,5 25.0 25.5
No. grain per spike
A yd al> dlasy

(B) oS5 55l ok 13 ails 3 Shos b (o3 o (59055 (3130 9 (A) aild 3,50os g dliuws 55 41> dlaai y abgly —0 JSW5
Figure 5- Relationship between Grain number per spike and grain yield (A) and nitrogen rate with grain yield in
supplementary irrigation levels

Spgmodes by ) (oSS (bl Ll 3 1) 023 paiS 5l 550
asly 5,Slos 5 dw o 5eyis Bpuas b dged Bpas (418 s>
P eSS A Sihis o boay Ll el ol 5 il 2l
Ay o dliw ol i s ol cpl j0 a8 us aily 5 Sles LS
@D (Giaris Bpan Gl b g K03 s 93 I i gdaw
b ime e by O 5l eslil o) g ialS 50,55 5 ealiul
OELS )3 |y ()59, Ay Bpae Cue B (pl g <L 38
Lulyd )3 @3 a5 (595 i e oo Ll (Sutd i il
Vbl b g bl o g ,LSe )3 p Se S Ve (g)ll S

S 5 4o

S5 Sl s e o] sl g Jla b ol el

Aol ) g pda s dols 1 eyl aliw Sl il sy (g i
59 Pl 055 W 1, (s ol 4l Sjilgm 2,Shae sl
ol 48 e G5l ) olS )] il 3 (oSS (bl el o
(SHmgl g Glyiedn oS olgn laplul (Rl ccly ol
Byne b 4l 3, Slee a1 g Ol g (59,5 5l ealil ol

3 35aS uolin) (oS5 (el Buly 53 535 (e 5 53

So5edom 5 4l 5, Slas 59y ym (g e Lgldy (o uo Vo -

S LS 4 25
S antided 59 3l oodae] Cuond (g5 oo IV Gl 3 pUST (sla iy

References

1.

2.

Acufa, T. B., Lisson, S., Johnson, P., and Dean, G. 2015. Yield and water-use efficiency of wheat in a high-
rainfall environment. Crop and Pasture Science 66 (5): 419-429.

Al-Ghzawi, A. L. A., Khalaf, Y. B., Al-Ajloun, Z. I., AL-Quraan, N. A., Musallam, I., and Hani, N. B. 2018. The
effect of supplemental irrigation on canopy temperature depression, chlorophyll content, and water use efficiency
in three wheat (Triticum aestivum L. and T. durum Desf.) varieties grown in dry regions of Jordan. Agriculture 8:
67.

Ali Ehyaei, M. 1999. Description of soil method analysis. 1024. Department of Agriculture, Soil Water Research
Institute 2: 1-112. (in Persian).

Ayadi, S., Chamekh, Z., Karmous, C., Jallouli, S., Ahmed, N., Hammami, Z., Rezgui, S., and Trifa, Y. 2015.
Evaluation of grain yield and nitrogen agronomic efficiency (NAE) in Tunisian durum wheat cultivars (Triticum
turgidum ssp durum). Journal of New Sciences 15 (4): 510-516.

Bian, C., Ma, C., Liu, X., Gao, C., Liu, Q., Yan, Z., Ren, Y., and Li, Q. 2016. Responses of winter wheat yield and
water use efficiency to irrigation frequency and planting pattern. PLoS ONE 11 (5): e0154673.

Daniel, C., and Triboi, E. 2002. Changes in wheat protein aggregation during grain development: Effects of
temperatures and water stress. European Journal of Agronomy 16: 1-12.

Derakhshan, F., Golkari, S., and Sadeghzadeh, B. 2017. Evaulation of the allelic diversity of high-molecular-
weight glutenin subunits by SDS-PAGE in cultivar and dryland promising wheat genotypes. Crop Science
Research in Arid Regions 1 (2): 222-233. (in Persian with English abstract).

Dong, B. D., Shi, L., Shi, C. H., Qiao, Y. Z., Liu, M. Y., and Zhang, Z. B. 2011. Grain yield and water use
efficiency of two types of winter wheat cultivars under different water regimes. Agricultural Water Management
99: 103-110.

Feiziasl, V. 2007. Study on the effects of different sources and rates of soil nitrogen on quality and quantities of



fov

wetilinny (U poiS s g5 el oyl ySod g ool  oad

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

217.

28.

29.

30.

31.

rainfed wheat. Dryland Agricultural Research Institute (DARI), Final Report, No. 317/86. (in Persian).

Feiziasl, V. 2011. Study on nitrogen rate and time application effects in nitrogen use efficiency and different
dryland wheat genotypes quality and quantity. Dryland Agricultural Research Institute (DARI), Final Report, No.
39694/90. (in Persian).

Feiziasl, V., Jafarzadeh, J., Pala, M., and Mosavi, S. B. 2009. Determination of micronutrient critical Levels by
plant response column order procedure for dryland wheat (T. aestivum. L.) in Northwest of Iran. International
Journal of Soil Science 4 (1): 14-19.

Feiziasl, V. 2008. Soil testing: Interpretation of calibration experimental results with Mistcherlich and Bray
equation, plant response column order procedure, interaction chi-square statistical procedure and integrated
system. Dryland Agricultural Research Institute (DARI), Buletin No. 208/87. (in Persian).

Feiziasl, V., and Valizadeh, Gh. R. 2001. Nitrogen and phosphorous requirement of dryland Sabalan wheat under
rain fed and supplemental irrigation conditions. Iranian Journal of Crop Sciences 3 (4): 16-28. (in Persian with
English abstract)

Feiziasl, V., Fotovat, A., Astarae, A. R., Lakzian, A., and Mousavi, S. B. 2014. Effect of optimized nitrogen
application in reducing drought stress effect on grain yield of some rainfed bread wheat genotypes. Seed and Plant
Production Journal 30 (2): 169-198. (in Persian with English abstract).

Feiziasl, V., Fotovat, A., Astaraei, A., Lakzian, A., and Jafarzadeh, J. 2019. Determination of chlorophyll content
and nitrogen status using SPAD in dryland wheat (Triticum aestivum L.) genotypes. Iranian Journal of Field Crops
Research 17 (2): 221-240. (in Persian with English abstract).

Feiziasl, V., Fotovat, A., Astaraei, A., Lakzian, A., Mousavi Shalmani, M., and Khorasani, A. 2016. Calibration of
soil available nitrogen and water content with grain yield of dryland wheat. Journal of Water and Soil 30 (5):
1556-1573. (in Persian with English abstract).

Feiziasl, V., Fotovat, A., Astaraei, A., Lakzian, A., and Mousavi Shalmani, M. 2014. Determination of soil and
plant water balance and its critical stages for rainfed wheat using Crop Water Stress Index (CWSI). Journal of
Water and Soil 28 (4): 804-817. (in Persian with English abstract).

Feiziasl, V., Kasraei, R., Moghaddam, M., and Valizadeh, G. R. 2004. Investigation on uptake limitation and
nutrient deficiency diagnosis at applied phosphorus and zinc fertilizers by different methods in Sardari
wheat. Journal of Agricultural Sciences and Natural Resources 11: 23-33. (in Persian with English abstract).
Felekari, H., Ghobadi, M., Mohammadi, G., Jalali Honarmand, S., Ghobadi, M., and Saeedi, M. 2014. Effect of
supplemental irrigation and nitrogen fertilizer on growth indices of two durum wheat cultivars in Kermanshah
conditions 6 (22): 101-113. (in Persian with English abstract).

Ghiassi Tarzi, B., and Salehifar, M. 2011. Wheat, flour and related products test methods. Islamic Azad University
Science and Research Branch. 308 Pages. (in Persian).

Hadi, M., Jalili, S., and Majnooni Heris, A. 2017. Assessing the wheat yield under irrigated and rainfed farming
and evaluating the possibility of supplemental irrigation of rainfed by water stored in deficit irrigated farming
abstract. Iranian Journal of Irrigation and Drainage 11 (3): 403-411. (in Persian with English abstract).

Halse, N. J., Greenwood, E. A. N., Lapins, P., and Boundy, C. A. P. 2006. An analysis of the effects of nitrogen
deficiency on the growth and yield of a Western Australian wheat crop. Australian Journal of Agricultural
Research 20 (6): 987-998.

Harmsen, K. 1984. Nitrogen fertilizer use in rainfed agriculture. Fertilizer Research 5: 371-382.

Heidarpour, N., and Talaee, S. 2017. Effects of supplemental irrigation time and nitrogen rates on yield and
agronomic characteristics of dryland wheat (Triticum aestivum L.) Kohdasht variety. Iranian Journal of Field Crop
Science 47 (4): 541-549. (in Persian with English abstract).

Hoseney, R. C. 1986. Principles of cereal science and technology: A General Reference on Cereal Foods. AACC,
Minneapolis, Minnesota, USA.

Johansson, E., Svensson, G., and Heneen, W. K. 1998. Genotype and environmental effect on factors influencing
bread-making quality. In: A. E. Slinkard ed. Proc. 9th Intl. Wheat Genetics Symp 4: 175-177.

Limon-Ortega, A. 2009. Wheat grain yield response to N application evaluated through canopy reflectance. Cereal
Research Communications 37 (4): 595-601.

Maassoudifar, O., and Mohammadkhani, M. A. 1995. Study of effects plant density on quality characteristics in
wheat. Iranian Journal of Biology 18 (1): 69-76. (in Persian with English abstract).

Mahmood, A., and Shahid, M. 1991. Inheritance of some agronomic characters in wheat (Ttriticum aestivum L.).
Rachis 1: (26-28).

Mandic, V., Krnjaja, V., Tomic, Z., Bijelic, Z., Simic, A., Muslic, D. R., and Gogic, M. 2015. Nitrogen fertilizer
influence on wheat yield and use efficiency under different environmental conditions. Chilean Journal of
Agricultural Research 75: 92-97.

Mansour, E., Merwad, A., Yasin, M., Abdul-hamid, M., EL-Sobky, E., and Oraby, H. 2017. Nitrogen use
efficiency in spring wheat: Genotypic variation and grain yield response under sandy soil conditions. The Journal
of Agricultural Science 155 (9): 1407-1423.


http://www.bioline.org.br/pdf?cj15013
http://www.bioline.org.br/pdf?cj15013
http://www.bioline.org.br/pdf?cj15013

YE++ by € 0 lod VA il (1l (S5 Slowidgiy arpmis ¥ ¥

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Matar, A. E., Jabbour, and El Hajj. 1987. Prediction of barley response to fertilizers by means of soil nitrogen and
phosphorus tests. p. 12-22. In: A. E. Matar, N. Soltanpour, and A. Chouinard (eds.). Soil test calibration in West
Asia and North Africa. Proc. 2nd Regional Workshop, Ankara, Turkey, 1-6 Sept. 1987. ICARDA, Aleppo, Syria.
Piri Saray, J. 2017. Feasibility of measuring wheat grain hardness by testing bulk samples using a laboratory
mill. Master’s thesis, University of Mohaghegh Ardabili.

Roostaei, M., Sadegzade-Ahari, D., Roohi, E., Hasanpoor-Hosni, M., Zadhasan, E., Rezaei, R., Eslami, R,
Abediasl, G., Soleimani, K., Roohi, E., Pashapour, H., Sanjari, A., Hesami, A., Nader Mahmoodi, K., Haghparast,
R., Aghaee, M., Ahmadi, M., Daryaei, A., Afshari, F., Torabi, M., Dehghan, M., Mardokhi, V. 2013. Tak-Ab, a
New Winter Bread Wheat Cultivar for Supplementary Irrigation Conditions in Cold Dryland Areas of
Iran. Research Achievements for Field and Horticulture Crops 2 (3): 177-186. (in Persian with English abstract).
Sadras, V. O., and Angus, J. F. 2006. Benchmarking water-use efficiency of rainfed wheat in dry environments.
Australian Journal of Agricultural Research 57: 847-856.

Sadras, V. O., and McDonald, G. 2012. Water use efficiency of grain crops in Australia: principles, benchmarks
and management. Canberra: Grains Research and Development Corporation.

Sedri, M., Golchin, A., Mirkhani, R., Fieziasl, V., and Sioseh-mardeh, A. 2017. Effect of nitrogen application
management on nitrogen use efficiency in rainfed wheat using 15N Isotope. Iranian Journal of Soil Research 31
(2): 1-17. (in Persian with English abstract).

Shepherd, A., Ginn, S. M. C. M., and Wyseure, G. C. L. 2002. Simulation of the effect of water shortage on the
yields of winter wheat in North-East England. Ecological Modeling 147: 41-52.

Tatari, M., Ahmadi, M., and Abbasi Alikamar, R. 2012. Effect of supplemental irrigation on growth and yield of
rainfed wheat. Iranian Journal of Field Crops Research 10 (2): 448-455. (in Persian with English abstract).
Tavakkoli, A. R., and Owise, T. Y. 2002. The role of supplemental irrigation and nitrogen in producing bread
wheat in the highlands of Iran. Agricultural Water Management 65: 225-236.

Tavakoli, A. R. 2004. An Economic evaluation of supplemental irrigation at optimum rate of nitrogen on wheat in
rainfed condition. Irrigation and Drainage Structures Engineering Research 5 (3): 97-112. (in Persian with English
abstract).


http://repository.uma.ac.ir/id/eprint/198/
http://repository.uma.ac.ir/id/eprint/198/

Iranian Journal of Field Crops Research Olnl 215 Rebudg sy 41 i
Vol. 19, No. 4, Winter. 2022, p. 391-406 i FA-F5 .o AFes linn) F o ko 14 als

Response of Dryland Winter Bread Wheat (Triticum aestivum L.) Genotypes to
Nitrogen Application under Supplemental Irrigation

V. Feiziasl'*, J. Jafarzadeh!, M. Roostagi?

Received: 11-07-2021
Accepted: 08-11-2021
Introduction

Wheat is the most important staple food crop in the world as well as in Iran. About 63% of the wheat
cultivation areas and 40% of its production is under dryland conditions in Iran. Water and nitrogen are the two
most important limiting factors for wheat production in dryland conditions. However, the role of water is about
2.3 to 3.9 times the nitrogen because the water deficiency limits the absorption of the nutrients especially
nitrogen. Nitrogen deficiency is very critical than the other nutrients for plant growth in the arid and semi-arid
region. Therefore, applying supplemental irrigation (wherever it is possible) at the critical crop growth stages
along with nitrogen fertilizer will increase wheat production by increasing the greenness and photosynthetic
activity of the plant. In this regard, the cereal department of Dryland Agricultural Research Institute (DARI) has
introduced different new wheat cultivars for supplementary irrigation conditions in the last decade. Hence,
evaluating the response of bread wheat genotypes to different rates of nitrogen under supplementary conditions,
determining the relationship between nitrogen requirement and water status of varieties as well as the
relationship between these factors with yield components and effective traits to improve the quantity and quality
of the crop, are the key factors for wheat production in dryland areas.

Materials and Methods

A field experiment was conducted to evaluate the response of dryland wheat (Triticum aestivum L.)
genotypes to different rates and timing of nitrogen application under supplemental irrigation in 2018-2020
cropping seasons at DARI, Maragheh, Iran. The experimental design was a randomized complete block with
three replicates based on split-split-split plot arrangement consisting of two irrigation treatments (50 mm in
planting time and 50 mm in planting time + 30 mm at booting stage) in the main plot; nitrogen application time
(fall application and split 2/3 in planting time + 1/3 in booting stage) in the sub-plot; four nitrogen rates (0, 40,
80 and 120 kg.ha™') in the sub-sub-plot and three genotypes (Takab, Hoor and Griset-16 (sup-96-18) in the sub-
sub-sub plots. The soil samples were collected from 0-25 cm depth before the sowing and were determined soil
texture (loam to silty clay), pH, EC, Organic carbon, P (Olsen method), K (Sodium bicarbonate method),
micronutrients (Fe, Mn, Zn, and Cu) by DTPA method. Because all these elements were more than critical levels
(P: 10 mg.kg; K: 250 mg.kg™; Fe: 5 mg.kg™; Mn: 11 mg.kg™"; Zn: mg.kg™ and Cu: 1.4 mg.kg™) in the soil, only
nitrogen rates were used in the experiment (Feiziasl et al., 2004; Feiziasl et al., 2009). The data was collected for
biological and grain yield, yield components, plant height, spike length, nitrogen use efficiency (NUE), water
use efficiency (WUE), and seed quality (Seed protein, Number of Zeleny Grain hardness, Grain starch). The
GenStatl4 software was used to combined analysis of variance and mean comparison of traits by Duncan's
Multiple Range Test. The CurveExpert 2.6.3 software was used to fit equations, Excel to draw charts and
Xlstat2016 software to do principal component analysis.

Results and Discussion

The first year of the experiment produced a significantly higher yield (P<0.05) due to higher precipitations.
Two stages of supplementary irrigation significantly increased biological yield, grain yield, and straw yield by
2975, 895, and 2069 kg ha™, respectively. Although fall and split application of nitrogen had no significant effect
on yield and yield components, fall application increased grain yield, NUE, and WUE by 195 kg.ha™, 1.97
kg.kg™, and 0.5 kg.ha™.mm™, respectively. Nitrogen application increased grain yield components for which the
number of spikes per square meter was increased more than the two others. The nitrogen requirement of dryland
wheat was determined 70 kg.ha™ under single irrigation at planting time by fertilizer placement method while it
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was determined 90 kg.ha® for two stages supplementary irrigation for which 2/3 of it was applied at fall
(planting time) and 1/3 at booting stage with supplementary irrigation.

Conclusion

Although the interactions of irrigation, nitrogen rates, application times, and genotypes factors on grain yield
were not significant, supplemental irrigation and nitrogen application could increase the yield production of
dryland wheat genotypes.

Keywords: Nitrogen use efficiency, Water use efficiency, Yield, Yield components



