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Introduction

Water deficit is one of the most common limiting factors of the yield of crop plants in arid and semi arid
regions. Water limitation causes significant changes in some physiological traits of crop plants. It decreases
chlorophyll content, current photosynthesis and contribution of current photosynthesis in grain yield, but at the
majority of cases, water deficit increases compatible osmolytes and the contribution of dry matter remobilization
in grain yield. Several strategies have been proposed to increase the resistance of crops against water limitation
and among them, application of vermicompost and silicon improve the performance of crop plants under water
deficit conditions. Therefore, the aim of this research was to study the influence of silicon and vermicompost on
contents of photosynthetic pigments, compatible osmolytes and dry matter remobilization in grain yield of rye
(Secale cereal L.) under water deficit conditions.

Materials and Methods

A factorial experiment was conducted in 2023 based on RCBD with three replications under the greenhouse
conditions. The treatments were irrigation levels (full irrigation during growth period as control, irrigation
withholding at 50% of booting stage (BBCH 43) until the end of growing season as severe water deficit and
irrigation withholding at 50% of heading stage (BBCH 55) until the end of growing season as moderate water
deficit) and application of nano silicon and vermicompost at four levels (no application as control, application of
nano silicon, vermicompost, vermicompost with nanosilicon). The rye cultivar ‘Ardabil local” was used in pots
with 13 kg of soil and a diameter of 40 cm. Application of Si was done in growth stages of BBCH 21 and 30. In
all treatments, two weeks after irrigation withholding at heading stage or 135 days after planting, physiological
and biochemical traits such as content of chlorophyll a, b, total chlorophyll, content of soluble sugars and proline,
dry matter remobilization from shoots, contribution of remobilization in grain yield, contribution of stem reserves
in grain yield, current photosynthesis, contribution of current photosynthesis to grain yield, soluble sugar,
anthocyanin and proline content were determined. Dry matter remobilization from shoots and stem and
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contribution of current photosynthesis to grain yield were measured by method of Inoue et al (2004).

Results and Discussion

The results showed that under severe water deficit, there were an increase about 23 and 20.5% in content of
proline and anthocyanin respectively in comparison to no application of nano silicon and vermicompost under the
same level of irrigation levels. Also, there was an increase of 109.9% in current photosynthesis under full irrigation
and both application of vermicompost and nanosilicon in compared to no application of vermicompost and
nanosilicon under severe water limitation. There was an increase of 63.7, 56.9 and 61.8% in chlorophyll a, b
content, total chlorophyll, under full irrigation and both application of vermicompost and nanosilicon in compared
to no application of vermicompost and nanosilicon under severe water limitation. Content of soluble sugars
increased about 21.3% under irrigation withholding at booting stage in compared to full irrigation. Similar results
were obtained in this trait in application of nanosilicon and vermicompost in comparison to no application of
them. Maximum dry matter remobilization from shoots (0.935 g per plant), contribution of remobilization in grain
yield (45.6%) and contribution of stem reserves in grain yield (37.43%) were obtained in no application of
vermicompost and nanosilicon under irrigation withholding at booting stage, which there was an increase 7.5, 15.4
and 19.8% respectively in comparison with both applications of vermicompost and nanosilicon under the same
level of irrigation.

Conclusion

Generally, it can be suggested that irrigation withholding at booting decreased about 29.9% from grain yield
in comparison with full irrigation but both application of vermicompost and nanosilicon compensated about 6.6%
of yield reduction under irrigation withholding at booting stage. Therefore, with considering of the results of this
study, it can be stated that both application of vermicompost and nanosilicon due to the improvement of current
photosynthesis and the enhancement in compatible osmolytes, prevents from the reduction of grain yield of rye
under water limitation conditions.

Keywords: Anthocyanine, Drought stess, Proline, Silicon Nanoparticles, Soluble sugars
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OSeiogil g Il g s s3gS 3,)l8 pae 5 il Aoy
Nazari, Seyed Sharifi, Sedghei, ) -, ¢ s,k 0l iol33l
alawlgay Sy Juds IS (glaime il58l (& Narimani, 2023
dox jl olie jolie (onld ll 4 1) CwgeaS ayg 30
(ol Cadgime I 3l ke SIBT s ) (59558 9 59y oonl
01 s
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Codgis Jlosl )3 poye (slaog bl (S 45— bl o,
ol 2 gponlil el olS (5905 ol ol o)l b oo
5 =i ol Sl sl & (1) 0y9 Jgbo 3 JolS )bl B
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1 - Biologische Bundesanstalt, Bundessortenamt and
Chemical Industry; BBCH
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Table 1- Nano silicon properties

Wl ydeb god Wlyd 059 S JL Y SKY JENUS W) oo 5,
Nanoparticles  Surface of particles specific Average particle size (hm)  Purity (%) Color
O9Sekeas’t >30 m2.gt 20-30 99 e S
Nano silicon White powder
SE o lbowinSo b SS9 Y Jgs
Table 2- Soil physico- chemical characteristics
2 -_—
@ (@] 3 S
N5 .’3 x}i \’)\ 9 o] > 3’ o~ B 5 @
£ B 3% 4% S5 47 38 35 1% 92
< (@) PV ﬁ
O 2
(mg kg™) (%)
9
Lo .
.l 55 17.3 1.02 0.04 0.72 385 42 195 64.8 47 e 78
Amounts Loamy
silty
CowgneS 50,9 4325 gl =Y Jogs
Table 3- Result of vermicompost analysis
. . o8l Pe w89y D eeedl (eSew
o ““"t‘“"_ . fgﬁ's‘“*‘l""’ Fe Mh Cu zn  Pb  cCd Si
aracteristic m 3
( ) (mg kg)
- 43.8
ke 1.12 5000 275 20 110 19 1
Amount
.. RIS STl Ojar Ad ply  pedS o
~__Organic matherials Organic C N P K Ca Mg pH
Characteristic
(%)
)JJ[QA
56.8 32.9 1.55 0.4 0.4 2.73 0.95 7.64
Amount

13 5 ey JS St oslo Jli] e DMTY (] 3 o8
Sty alsyo 3 (6l jpa) g plul K28 59 DMM3

o

3- Dry matter at maturity

51 3aome sl 4] 3w o Sid o3le Ul ) ine pu
Sl o,Sles o ddle w8 c8)lie lixe g b & lugy Lisu
Barnett & Pearce, ) La_s awbxo yj (A) U (¥) Laslg, 3,k
(1983
DMT = DMA — DMM (¥)

1- Dry matter translocation
2- Dry matter at anthesis
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oo 11 gt 55 09280 JE] g i 53 Jy )l
Jib claaiss 1y cage Ol Jgid 5l (iU BLSI g pSUl g 00
b Cawdlg, IS o 50 L as (Ghosh et al., 2004) ouis o jxuS]
Miller, Suzuki, Ciftci-Yilmaz, & ) suili w81 jiii 5oy
OiblS 4 e Judg)lS axwal i w L L 4 (Mittler, 2010
3500 a8 a el an el B i 53 e udg IS
wegaddr ol 2 3290 (hangyy polic 392y o CungaS ooy
DA Jed9)lS s 3 &8 (¥ Jga2) g9y 9 550 ¢pnl i Lo
(Theunissen, Ndakidemi, & Laubscher, 2010) x> wluwl
Cgr—w (pizmed g f—ST b ok il b ppizren
(o JB9)lS jw (l3El Carge )39 pt Al (g polis 4y (o ynd
9 ki (Hosseinzadeh, Amiri, & Ismaili, 2016) >4
Sy Jids IS slgimo iol38l 55 (Nazari et al., 2023) -, Sen
uwl)_’é‘ 4 |) LSJ Cudgde bl).w 0 CA..»%.QSLSAJ9 .)).3)15 4\]9..»‘54.:
Nourbakhsh, Chalavi, & ) 4l,lSan g (izusi dousj ol
oy CiwgueS oy 2,8 &5 sy bl (Akbarpour, 2016
OBl g 0iaps peg—adar glie ) olie (ool ol cenl)d
Sy95 yolis 1&gl g 59y Wile g 5l 6slwn i
85 538 ol 3 Mmoo 39S Jbg)lS Slyme 3l
cage HiaS] s sl ials g ShuuST sl clag 3l
ool .(Benaffari et al., 2022) as Ldg IS slgizee yiol58l
ol slasho (215 (slao)ld cundgl y> 8,5 8 L 3
4—\-(—16; U‘°’_‘o cgf)g Cja_w 92 ) d)IWL\.;AAL\.AJy ){09)'15
JidoslS (slgime Gl carge ol i )3 3 g Sy Sl
ol 5 gl> (Gong, Chen, Wang, & Zang, 2005) >u .0
b Slgs o (S o a il bl (Jiao, Chen, & Yi, 2010)
Siwgar ) Blo ol 435 Gy 205 g Mdo)lS 5T 331
2 il (g pSade et 1) Jide)lS slgiee g oad Jidg IS
3 lis gl 12 2 S 2 Jolowe SIS 9 (g Slgome

sload ooy bl sla Jole I o o Lol eljl af
S Jloiol e ) g lsme 2 ol GBS emp g «Jbre

o (bl ol o 3 (F Join) 4yl g 1oy

5- Stem dry matter at maturity
6 -Contribution of stem assimilates to grain

7- Current photosynthesis

CDMAG = (2 x 100 )
el i 5l same sl 15],5 wgw :CDMAGL () 3 &5
Sis odlo JWs! )l DMT do)d sy il > slon
aig 3 p)5 oy 4l 3)Skes :BY? 5 gy 3 p)5
Al o
SDMT = SDMM — SDMA )
iy 48 5 S olo Jlal 50 SDMTS o] 5 45
5 Jsl el s 8l Ui 59 sShs SDMA? gy )3 5,5
bl o Selsnsd (S Al> po )3 aBl S yj5 SDMM?
CSAG = (SD'“T) x 100

)
sy 43l 3,Sdos > a8l 18D ow TCSAG ()] > &
P psS cewe a8l 5l SLis ool JWal 540 SDMT sy
Al oo gy 50 £S5 s p a2 Slos :GY 4 gy
CP = GY — DMT ")
GY gy 13 p)5 oy (§)l Sihasgid 30 CPT (] 5 &S
Sais odle JUil yliee DMT g digs 13 p)5 sy aild 5 Sloe
b Sg o ((Shw) Oloj )2 bl B9 3 25 o
5l Jeols slaodly 1Sl g cilyy S o > lie 5 CB eSS
@555 A ooliiwl modlsdy 55 )0 g S5 3, Sos lgicas ]
bwgs b uSile duslis o (A/F a5wus) SAS jljale 5 dluwgds aosls
3,5 ol aoyd gy Jleis! gdaw ;5 LSD (905

48 @l ey S 2 gl (LdilaSS) lyioe

2 el sladole 51, a2 oy oS 3l (Lt il
Aoy gy 9 So Jll a3 (siwgs (aalSS) g
P o &3 Lt b uSles aalio (¥ Jgi2) 392 )l sine
9 MY YINY cospan) JS Jdg)l 5 D @ byl (slgia
9 CamgpaS soy9 Pl Dyama 3 (S0 5 (133 )5 2 pS e YIVY
i3l 5148 0a] s & JolS syl bl )3 Sl gl
alsyo 13 glol alad & Cond (o> FVA 5 OF/A SYIY i
392 10055 2 )5Sebiogil § CgpaS s0)9 Byuae pis g ]
2 39250 Oigriat 9 89 cobl Cale (g YLy (D Jsiz)
Friaw y3 laol juolis a8 (1 Joio) ool 3)90 CuawgraS' 5059
ot Jdg )l al8l RV Sl g e gl oo Cgmnie Lidg)lS

1- Contribution of dry matter assimilates to grain
2- Grain yield

3- Stem dry matter translocation

4- Stem dry matter at anthesis
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Table 4- Analysis of variance the effects of nano silicon and vermicompost on the content of photosynthetic pigments and on
some biochemical traits of rye under drought stress

Slayyo (ke
o gl @ Mean of squares
- a5 " S . b Jué E
SOV O e addts el S
Proline  Soluble sugars  Anthocyanine Chlorophyll a b phy chiorophyll
Rep)lli)j; tion 2 577 351.9" 0.007*" 0.99™ 0.069™" 0.57""
Ir(:g)a‘;;i‘ Iif]/:s 2 7.63™ 876.7" 0.026™ 0.80™" 0.098™" 1.44™
(Ns)tr:::s fntdnii?" 3 4.89™ 184.9™ 0.007* 0.08" 0.028™ 0.15™
AxN 6 1.01™ 38.87" 0.0029™ 0.88" 0.007™ 0.10™
Eu::or 22 0.282 30.7 0.00058 0.03 0.0014 0.03
Oy g
g\T(%)ﬁ 72 6.2 5.9 8 55 6.1

o pd S5 g g Jlein] maw )3 5 gize g )3 gxe s i ey ks g % NS
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively

G € l3gle olowdgn Olio (S 1 g (5 weld SBAIS ) g 5 CowgroS 09 5 95awail w5l (Sl duglie -0 Jguo
o

Table 5- Means comparison of the effects of nano silicon and vermicompost on the content of photosynthetic pigments and
some biochemical traits of rye under drought stress

il clos:

. L Odam Sy st S 9 a Judg 5 b Judg J5 JS Jadg 5
ol S Prolin Anthocyanin Chlorophylla Chlorophyllb  Chlorophyll total
Treatments oline (umol g FW-1) orophyll a orophy orophyll total

(hg gt FW) (mg g* FW)
A1xN1 5.34" 0.317f 2.25¢ 0.707¢® 2.962¢
A1xNa 5.64f 0.322 2.292¢ 0.7622°¢ 3.06%
A1xN3 7.4¢¢ 0.403c¢ 2.36% 0.7943 3.152
A1xNs 7.10¢ 0.4¢¢ 2.422 0.8132 3.232
AxxN1 7.230¢ 0.39¢% 1.47¢ 0.518¢ 1.99f
A2xN2 7.51c¢ 0.375¢ 2.11bc 0.601f 2.71¢¢
AsxN3 7.26%¢ 0.408¢ 2.03d 0.553f¢ 2.58¢%
A2xNa 8.9 0.472 1.77¢ 0.683¢% 2.46°
AsxNi 6.72¢ 0.464% 2.27%¢ 0.671¢ 2.94a¢
AsxN; 8.08%°¢ 0.425b 2.20%¢ 0.583f 2.79b4
AsxN3 7.780d 0.4542 2.25%¢ 0.7410d 2.992¢
AsxNa 8.55% 0.436%¢ 2.27%¢ 0.777% 3.04%
Mo oxe M 3l
0.89 0.04 0.29 0.064 0.29

LSD 0.05
9 CawgraS 09 B puae pie oximd Ui e N4 9 N3 N2 N1 g adaliw 5 sl Jolpe 3 (oylol dlad g JolS ()bl ssimd ylis i sty :A3 9 Az Ax
Bl CungeeS (035 5 95kl plg3 B ras (CusgraS ca) B pao ¢ 1sSiliwsil B pae (anl3) (15Siliwsils
S5 ot b oy gy Jlesn] pdaw ;3 LSD (yg0j] ool (I size (glel M) gty 5 aliie g > b (sl Siloo
A1, Az and As: are full irrigation, irrigation withholding at heading and booting stages, respectively.
N1, N2, N3 and N4: are control, application of nano-silicon, vermicompost, both application vermicompost and nano-silicon,

respectively.
* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
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Table 6- Means comparison of the main effects of nanosilicon and vermicompost application on soluble sugars content
and dry matter remobilization from stem of rye under water limitation conditions

il (S loss
Treatments Bl 5 SUis odlo Jla! Jolowe slanid glgiow
oWl zobw SDMT (g per plant) Soluble sugars (mg g* FW)
Irrigation levels
A1 0.612b* 80.58¢c
Az 0.724a 97.53a
As 0.692a 87.12b
Josine S Jile 0.038 5.72
LSD
A (S oS Sy s il j S o3l JWED! Jolomo (s sl
Stress modulator SDMT (g per plant) Soluble sugars (mg g™ FW)
N1 - 84.51b
N2 - 87.36ab
Ns - 86.81ab
N4 - 94.95a
o re B! J8las _ 9.07
LSD

CawgneS o0y9 Byuao pie 01 ylis i i N4 g N3 N2 N1 g (mdaliw g il Jolpe 1 (o)lol gdad g JolS (o)Ll osimdlis coi it A3 5 A2 Ax
il o CusgraS 5209 9 (Sabuugil pl35 B o CuguaS a9 B pao (ipSelauosls B e (12L5) (9l 5
85 ot b oy gy Jleso] prdaw ;3 LSD yg0j] bl ()l sime (s ylal M) (ygim y2 33 ailiio g yn b (gl Sileo 3
A1, Az and As are full irrigation, irrigation withholding at heading and booting stages, respectively.
N1, N2, N3 and N, are control, application of nano-silicon, vermicompost, both application vermicompost and nano-silicon, respectively.

SDMT= stem dry matter translocation
* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level

29 Odan & Gl cage bl oo W ajlute
9 So—b Jro (2o A5 L aglye 53 olS Caaglio 38l culys
b3 5 dan gead QR S0 Slo 4 29— oe (St
el 5 51 48 ape Sufglpniad (i pogdle ol Copdgime
035 Jobo (groml il (20l g Sl oo S oo il (55 5]
2 o 2l e haSs 5VL e «(sjemsl mbats )b 1 g
e D9 o Cdgime d Caglio (I 4 i lolS
Fo ool b g S il ols g0 sk I CgeeS 00y
(A Jgi2) (o)l 5iiangid gm0 4 S8 (o 0lS' (59,5 yuolic
Leclaang)S adex jl Laedplio goos 5 i Gl crge
Salehi, Ghalavand, Sefidkon, & Asgharzade, ) >3 o
s g g lyme Gl e 58 (el s (2011
25 g sSalissil 2,287 b (ol Cadgazes baulyd )3 Joloe
S ,boljl (Sonobe et al., 2011) el o )5 - ladioxe
Se gy g oo (Suid 15 alyd > Jolowe (slaaid il
St 15 bl cod )5 )0 5lid g 038" Jas (Jgens Lablre

9 ComwggaS ooyg plgs Byn 55 A5 (SwostlS s o >

2 2S5 ke AF/A0) Jsloro (slanid (clyime oy iy 3l (gSkoassil
oLt peSile aaslio SF Joi) 392 )10y 2 (S 55 39 5
(Sr 5 0l P x5 905 M) (g Slgome (i phen oS 31
] B bl > Selianglh b g g ol e
By o pac ldunlie ;0 4 dal Cwod dn il als o
3 sl glas ) oo red )3 (5Siliogil 5 CogaS 09
515 Ll 5 Lol o)l b aglio 15 5 g0 o3 VY ol
5 s o8 Ay oo a5 4 (B J5i2) 92 53095 2 (a0
ke 3l (glasnlgial S0 5 St St oo 4 SeS 5 )b
Hajiboland, Cherghvareh, & ) oa i gy (slaioe isls8l 4
(A Joz) syl> jwgid 4l ilssl b o (Dashtebani, 2017
oS 5 ol i qeod g Jslowe sloald alg Sl 4 oo
Wang et al., ) o,Ken 3§ Ky .(Silva et al., 2012) 555 o

1- Turgor pressure
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2001 s pwilawgi] i odlo i lgieds 365 ol )3 3¢50
2 GBS 5 lwsil e (5l £pS ol b 5 05Sikes
i 3t (] Cadgame | (3L Sl (St GBS (5 yme
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.(Yahyaabadi & Asgharipour, 2016
o2 ot 9 A8l g otlod ool 5l Siid ke JUi!
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b oSehiogil g CmgraS (0)g By pie oy Bl jl Sits
o oo 515 4 (A Jgi2) 395 3 ine 9Sekgil By as
Jdoas ol congaoma bl (o Kuss oolo il Liol33l 5l s

5 oiolS ainlits ol o ol Codgame ialiEl b g, cpll s Laas
Selim ) s oo ol Jsloro laclyisng S (slyiee « Jlda 5>
yoolie 5l g)laye8 p Jddd 0 CavgueS’ s0y9 2,8 (6L al., 2019
sttt el s S5 o (1355 5 9y o] el siei,
(90 J9a2) oo 9 Jslome sloaid slgime 5 (A Jsa2) s)l>
P oS by Ol Cladgne g ol el cd JRal38l 4 ot
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28 L ol Sy GRIEI  ee 5 el—de gl
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Sl Gl et 45 (1 Jyiz) Al 355 ) 2 35pe
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Lyl )39 Gl s 8 oliiee 503 (A Jiz) el
2 o5k G 4 ]) (SiS (15 bl b cod Sl 008
el pll (g juiwgid dlgo JUET 5 (6 jiwgid a9
(Gong et al., 2003) wols cowus

ggaS 029 S 12y S 2 gl (Slgine
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Ahmad, ) 4, Ken ¢ 1osl .(He et al., 2010) wiS' o cladle
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Table 7- Analysis of variance the effects of nano silicon and vermicompost on current photosynthesis and dry matter
remobilization of rye under drought stress

Ol po (ke
a, Mean of squares
5 obo & L odle Ju! odle JUWUI ppew odle JUWSI  adlo JUES! e o
P =E st 4 seh il gy s FResd Vee o
S.0.v 7 | S slgd a5 SLiS | s > ddlw 3l Sis
N )‘ " o« ) Iadead J N p) ! J &l o &l
2led ol &> 3 Slos 43 ad &> 3 ,Shos GY op 100 GW
DMT CDMAG SDMT CSAG
Replication, )| s 2 0.1413™ 84.67 0.1366™ 1127 0.675™ 0.395™  0.425**
A |
(_ )LS_)L”' gk 2 0.0261™ 444,92 0.040™ 380.62™" 1.321"  1.646™ 1.21**
Irrigation levels
Ol godiS s
(N) 3 0.0085" 135.44™ 0.0037"s 92.49™ 0.566™  0.605™  0.767**
Stress modulators
AxN 6 0.0077" 32.09™ 0.0018" 20.24" 0.116™ 0.121™ 0.043*
s
22 0.0022 7.024 0.0019 7.23 0.020 0.026 0.015
Error
Olyoss o b
- 4 7. . 10. . 4.2
CV (%) 5 8 6.5 0.3 5.3 9 6

o) K5 g i Jlein] paw )3 5 bize g )b pixe juE a4y s g % NS
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively
DMT= dry matter translocation, SDMT= stem dry matter translocation, CSAG= contribution of stem assimilates to grain,
GY= grain yield, CP= current photosynthesis, 100 GW= 100 grain weight
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Table 8- Means comparison of effects of nanosilicon and vermicompost on current photosynthesis and dry mater
remobilization of rye under drought stress
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Treatments DMT (g per &l 3 Shos 3 aild 5 Sos 43 (9 per (g per plant) @
plant) SDMT (%) CSAG (%) plant)
AN 0.858= 32.68° 22.29¢¢ 2,650 179° 2758
AxN 0.864° 28.84° 21.33c¢ 3 2.14% 3,19
AxNs 0.873° 28.81° 20.76% 3,03 2.16% 3,350
AxNs 0.705b 23.13¢ 19.31¢ 3.04° 2.33° 3.63°
AxNi 0.935° 45 6° 37.43° 2,048 111° 2,388
AN 0.929° 44110 34,21 2.1 1.17% 2.479
AxNs 0.918° 32.20° 25,51° 2.19¢ 1,930 2,490
AxNs 0.869° 39,510 31,23 2.85% 1.32¢ 3.05¢
AN 0.903° 38,470 31310 2.35° 1.443 2.7
AN 0.867 31.01° 24,477 2.8% 1.94tc 2 84
AsxNs 0.899° 30.37° 22,920 2.96° 2.06% 3.06¢
AsxNs 0.925° 30.68° 22.33¢ 3.01° 2.08% 3,250
P S| B 0.0811 4.488 4.55 0.244 0.274 0.212
LSD (0.05) ' : ' ' : '

9 CanguaS say9 Cbyne pie oximdLis cud s (N4 g N3 N2 N1 g msalins g (il Jolpe 3 oyl alad g JolS ()bl ot lis s sy :Az 9 Az As
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85 ot b oy gy Jleso] prdaw ;3 LSD yg0jl olusl (I size (s ylel M) (ygim y2 33 ailiio g yn b (gl 0 Sileo 3
Az, Az and As are full irrigation, irrigation withholding at heading and booting stages, respectively.

N1, N2, N3 and N4 are control, application of nano-silicon, vermicompost, both application vermicompost and nano-silicon,

respectively.
DMT= dry matter translocation; SDMT= stem dry matter translocation; CSAG= contribution of stem assimilates to grain;
GY= grain yield; CP= current photosynthesis; 100 GW= 100 grain weight.
* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
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Introduction

Ensuring food security has significant importance to countries with arid and semiarid climates and inadequate
water for irrigation, like Iran which is quite vulnerable to climate change consequences. Strategic decision-
making is crucial for effective production of agricultural crops especially cereals. Wheat is a strategic crop for
achieving food security in Iran which is cultivated both rain-fed and irrigated. Crop models are mathematical
expressions of the plant growth and development under different environmental and management conditions.
These models’ performance and accuracy rely on high-quality and long-term input data especially observed or
generated climatic databases. The aim of this study is to simulate the yield of irrigated Pishtaz cultivar wheat in
seven cities of Razavi Khorasan province using DSSAT crop model and AQMERRA reanalysis data.

Materials and Methods

In this study, required daily weather data of seven stations located across Khrosan Razavi province namely
Mashhad, Neishabour, Gonabad, Torbet-Haidaryeh, Torbet-Jam, Sabzevar, and Kashmer for the period of 1980-
2010 were collected and used. The observed daily data included rainfall, maximum and minimum temperatures,
wind speed, and sunshine hours. Corresponding period AJMERRA reanalysis data were also retrieved from the
database to be used as an alternative input. AQMERRA is a global gridded daily weather dataset that was
originally generated using NASA’s MERRA model (the National Aeronautics and Space Administration,
Modern-Era Retrospective Analysis for Research and Applications). The AQMERRA global gridded climate
dataset (0.25%0.25) has a horizontal resolution of approximately 25 km. It provides daily, high-resolution, and
continuous meteorological datasets for the period 1980-2010. It is proven to be useful for agricultural and
meteorological studies. Annual irrigated wheat yield data, soil information (including texture, depth, nitrogen
content, and moisture), and management data i.e. variety, planting date, planting depth, and row spacing were
obtained from agricultural stations across the province. The Crop Simulation Model (CERES-wheat module) of
the DSSAT version 4.6 was used to simulate irrigated wheat yield. DSSAT (Decision Support System for
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Agrotechnology Transfer) is a package of several dynamic simulation models for over 42 crops that has been
tested and applied for more than 30 years in more thanl174 countries with acceptable results. The reported
genetic coefficients for selected wheat variety from previous studies in the region were used. The statistical
indices, including the coefficient of determination (R?), root mean square error (RMSE) and normalized root
mean square error (NRMSE) were used for comparisons and evaluation of the model performance for both runs
using observed and reanalysis weather data.

Results and Discussion

The comparison between observed and reanalysis AQMERRA climate data in all seven study stations
revealed a good agreement with correlation coefficient ranging from 0.67 to 0.92 and highest correlation was
observed in air temperature time series. Besides, the error indies range for AQMERRA dataset determined as
MAE from 3.87 to 4.11 and RMSE from 4.93 to 7.76. The model was run for simulation of Pishtaz variety yield,
which has already been calibrated and evaluated in Khorasan Razavi province, using observed and AgQMERRA
climatic data. According to NRMSE, RMSE, and R? statistical indices application of observed climatic data for
simulation of the selected wheat yield is more accurate with R? between 0.63-0.72 in study stations compared to
AgMERRA data application with R? ranging from 0.50 to 0.67.

Conclusion

According to statistical metrics, the use of observed data comparing to AQMERRA reanalysis provided better
estimations of irrigated wheat in all study stations. Although the AQMERRA may also be used as a suitable
alternate data with acceptable accuracy. Therefore, the climate datasets can be recommended as an input of crop
models in regions with limited or non-reliable climate data. Further studies using another climate datasets and
other crops is required for more scrutiny.
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Figure 1- The distribution of study stations in Khorasan Razavi province
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Table 2- Genetic coefficients of Pishtaz irrigated wheat in Khorasan Razavi province
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Table 3- General information related to Pishtaz Cultivar
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6- Tiller production starts (leaf #)
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Table 4- Physical and chemical characteristics of soil in Study Stations
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Figure 2- The trend of changes in the actual yield of irrigated wheat in the seven studied cities during the period from 1994 to
2022
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Table 5- Results of error evaluation metrics comparing observational data and AGMERRA in simulating irrigated wheat
performance using the DSSAT-CSM-CERES-WEATH model
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Introduction

Rice (Oryza sativa L.) is the staple food of half of the world's population, providing 21% of the energy and
15% of the protein of residents of rice-growing regions. Compared to other essential elements, rice needs more
nitrogen. Therefore, for higher plant growth and productivity, nitrogen is used excessively. Nitrogen plays a vital
role in the growth and development of rice and is an important part of enzymes, chlorophyll, nucleic acids,
storage proteins, cell walls, and other cellular components. Excessive nitrogen application has resulted in many
adverse effects such as increased nitrogen oxide emissions, reduced nitrogen use efficiency (NUE), and poor
economic returns. Combining chemical fertilizers with biological and organic fertilizers is one of the ways to
reduce the excessive consumption of chemical fertilizers. The use of seaweed as fertilizer in recent years has led
to an increase in the quantity and quality of agricultural products due to its bioactive compounds. The purpose of
this experiment was to investigate the effect of different levels of nitrogen fertilizer and seaweed foliar
application on yield components, biomass, and grain yield of Hashemi rice cultivar in the Rudsar region.

Materials and Methods

In order to determine the appropriate level of nitrogen fertilizer and seaweed extract on the yield and yield
components of Hashemi cultivar, an experiment was conducted, in Kishakjan village, Rudsar city, in Guilan
province in 2022 and 2023. The experiment used the split plots in the form of randomized complete block design
with three replications, the main factor being nitrogen fertilizer from the urea source at five levels (zero (control:
without fertilizer use), 25, 50, 75 and 100 percent of nitrogen needed by the plant) and the sub factor of foliar
spraying of fertilizer containing seaweed extract at four levels (zero (control: without seaweed use), 0.5, 1 and
1.5 liters per hectare) were considered.

Results and Discussion

The results showed that the application of nitrogen fertilizer levels and seaweed foliar application was
significant on the investigated characteristics. So that the highest number of chlorophyll content (35), spike
length (29.3 cm), thousand grain weight (26.3 g), grain yield (4014 kg ha'), biological yield (7690.8 kg ha') and
the harvest index (59.5%) was obtained in the application of 75% nitrogen fertilizer. In addition, the highest
amount of the characteristics expressed in foliar spraying of seaweed fertilizer with a concentration of 1 lit ha?
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was obtained, which was not significantly different from the concentration of 1.5 1 lit h™2. The results of the
interaction of experimental treatments also showed that the highest plant height (150 cm), the number of spike
(29), the number of full seeds (132.4), respectively, were related to the application of 100% nitrogen fertilizer* 1
lit hat of seaweed and 75% nitrogen fertilizer* 1 lit ha™* of seaweed. The lowest number of unfilled seeds (4.2)
and percentage of unfilled seeds (3.5) were recorded for the application of 75% nitrogen fertilizer*no use of
seaweed fertilizer and 75% nitrogen fertilizer*1 lit ha™of seaweed fertilizer, respectively.

Conclusion

Nowadays, due to the high environmental and economic costs of chemical fertilizers, the use of fertilizers of
biological and organic origin has received more attention than ever before. Based on the results of this study,
foliar application of seaweed fertilizer in combination with nitrogen fertilizer significantly increased plant
height, number of panicles, number of grain per panicle, and number of full grain per panicle. Nitrogen fertilizer
application and foliar application of seaweed extract also increased chlorophyll content, panicle length, and
1000-grain weight, improving paddy yield and biological yield of Hashemi rice cultivar. In general, foliar
application of one liter per hectare of seaweed and use of 50 and 75% nitrogen fertilizer was the best treatment to
increase yield and yield components of Hashemi variety in the study region.

Keywords: Chlorophyll, Fertilizer, Rice yield, Thousand grain weight
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Figure 1- Aerial photo of the test site
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Table 1- Meteorological information during the growth season of rice in experimental site in 2022 and 2023

Jw  Jle slask b3 digeS’ o3 dipubiay Cugb, Sy
Year Month of year Minimum temperature (°C) Maximum temperature (°C) Humidity (%) Precipitation (mm)

1¥aa ALZ;)rZ; 6.4 175 98.4 102.9

2022 mi" 13.9 23 97.7 53.5

;';;; 179 272 98.6 46.7

; Jr;e 205 29.4 08 37.6

J’:jl); 21.6 332 96.7 29.6

gﬁ;’:; 189 27.2 975 134.1

i’g;“ 99.2 157.5 586.9 401.7
Aﬁ;e 165 262 97.8 :

\fe I\L/’l‘;’r’c’:] 9.2 17.8 99.6 619
2023 ‘;ﬁ’l" 134 19.1 99 90
;/';;; 17.8 20.1 07 13

; J:] . 20.2 30 9 73.9

J’EI’; 20.2 323 96 24.4

Aﬁ(;; t 19.8 30.1 08 225

o 100.6 159.3 585.6 285.7
ol 167 26.5 97.6 -

Average
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Table 2- Physical and chemical properties of soil in the experiment site (depth 0-30 cm)
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(%) (%) (%) (mgkg') (mgkg") (%) (%) EC (dS m%)
T Y 331 4 0.277 33 1.114 6.9
Loam-sand
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Table 3- Some characteristics of the studied seaweed-fertilizer
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Package size  Type of packaging Seaweed extract - Cu Zn Mn Fe N Physical form
(%) () () () (%) (%)
0.5 lit < 22 005 005 005 005 5.2 @l
Bottle Liquid
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Table 4- Combined analysis of variance for nitrogen fertilizer and seaweed fertilizer on studied traits in rice

FIKEV W SN 439
0) - -
oo a3 . . Jsb Sl dasi &l &l . > Sos o be
T ERRE R 2ot . &l Jpp e e RN
Sl 835 chio, PH ¥ 2 Sy Se s G.Y ey Sl 2
S.0.v df S.L No.S No.F.G NoU. P.UF. B.Y H.1
FG 6 WG
Lo o . " ok .
J 1 100.1" 1654.5" 70.9 414 1121.8 4.2 0.002m 60.2 649005.2" 2623743.2™ 0.04ns
Year (Y)
A 4 69.2 109.7 0.1 4.4 141.1 0.019 0.88 35 594270.2 4382728.7 229.6
Rep (Y)
0395
Nitrogen 4 439.3™ 45205 93.3" 316.7"  3390.77 434™ 69.6™ 131.9" 6633042.5™ 27061885.8"™  895.7™
(@
Yxa 4 1.1m 19.6" 0.42m 0.41m 12.2m 0.02"  0.01m™ 0.4ns 39317.8" 162503.9" 5.8m
s
16 61.2 48.5 8.4 4.1 162.4 4.45 49 11.3 773402.6 4753210.3 464
Error a
59_],1(:; 3 1099.4 2965™ 120.8™ 18277 4476.9™ 27 725" 132.1 16110811.6™ 22706928.7°" 1400.3™
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Yxb 3 2.2™ 0.21"s 0.27ms 0.25" 3.06M 0.04 Q.02 0.28" 9382.7m 7014.9m 1.4ms
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(12)
C.V (%)
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*and **: Significant at the 5% and 1% probability levels, respectively ns: Not- significant
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Table 5- Mean comparison of simple effects on the studied traits

JudgslS  adgs Jeb &l Yl 439 Ao Slas ) Sles Gl yadls
Chlo. S.L (cm) TGW() G.Y(kghal) B.Y (kgha?) H.l (%)
|
dofdbe g0 27.92 25.52 35422 6588.62 55.58
Jb Yearl
L
Year P> J 30.28 26,30 24,15 3394.9° 6292.9° 54.46°
Year2
N1 24.1° 24¢ 20.7 2630.5° 4828.7° 544
3y 555 g N2 32.12 27b 25.22 3576.32 6384.8% 572
09X P T N3 33.92 270 26.12 3757.32 6290.3° 60.962
Nitrogen level  n4 34,92 29.32 26.32 4013.9° 7009.1 59,52
N5 30.52 28.3% 25.92 3364.22 7690.82 455
S1 23.6° 25b 21.7P 2602.7¢ 5334.20 49.9P
L
< "Jg";ii““’ S2 31.3 25.9 25.42 3462.3b 6186.72 57.58
b Seb s3 38.52 29.32 26.62 43952 6953.62 64.32
Seaweed level g4 31.1 28.22 25.32 3413.7° 7288.52 50.3

A5b e 5SS g0l b doys gy Jleis] pdaw )3 b uSlo p 5 sime Cglis pie oaimd L 09,5y 4D S b gy %
* Data with different letters in the same column are significantly with Duncan’s multiple range at 0.05 level.
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Figure 6- Interaction of nitrogen x seaweed fertilizer on the studied treatments

o5 55 ol Sla Ao Jgko el HKeY) &> dlasx &> dlaxy 4l o yd
Nitrogen Foliar application P.H. Adgh » Se Se
fertilizers level of seaweed (cm) No.S. No.F.G. NoUFG PUFG.

N1 S1 98.17%" 14.01 77.79 8.9% 10.6°
N1 S2 100.3% 15.21 85.4% 6.3 6.8
N1 S3 112.4 19.17 99.8% 5.5 5.3¢f
N1 S4 114.071 14.011 91.6% 9.07% 9.12
N2 S1 119.3" 16.7" 82.8 8.6 9.5%
N2 S2 122.3% 19.3f 110.5% 6.3 5.5¢
N2 S3 131.5¢ 24.3¢ 117.2% 5.95°9 4.9%
N2 S4 135.3% 17.2% 105.4% 6.7¢f 6.10d
N3 S1 118.2" 19.57 109.5¢ 6.8% 7.3°
N3 S2 130.9¢f 24.6% 111.4% 6.3%9 5.1
N3 S3 142 21.4° 129.3% 48" 3.5
N3 S4 147 4% 16.9% 124.6%¢ 47" 3.55f
N4 s1 120.5% 22.3 86.981 4.2 3.7
N4 S2 137.5% 25.4%4 116.5° 47" 3.97¢
N4 S3 144.9% 28.9° 132.4% 49" 3.7
N4 S4 148.8 25.8% 127.8% 5.191 3.9¢
N5 S1 126.2% 18.11 89.8°f 9.9 10.12%
N5 S2 139.4% 18.3% 111.2+ 7.64% 6.4
N5 S3 149.9° 26.1° 113.4¢ 6.15¢ 5.4%¢
N5 S4 144.3% 24.1¢ 107.9% 8.4¢f 6.9
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* Data with different letters in the same column are significantly with Duncan’s multiple range at 0.05 level.
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Introduction

Precipitation and nitrogen are the most abiotic factors that greatly impact the yield of barley (Hordeum
vulgare) in arid and semi-arid regions. Because with water restrictions in dryland conditions, Iran's drylands
have low organic matter and mineral nitrogen (NO3 + NH;) for barley plant nutrition. Researchers believe, the
production of dryland barley is often influenced by the three factors of planting date, soil available water and
determining the exact nitrogen requirement of this crop. Therefore, many researchers have reported the existence
of interaction effects between water (supplemental irrigation) and nitrogen in barley plants. Because nitrogen
through the expansion of the plant's root system, it causes better absorption of nutrients and water and as a result
increases water use efficiency. Therefore, the main purpose of this experiment was to evaluate the interaction
effects of nitrogen and supplemental irrigation in the production of new barley lines, to increase yield and
introduce them for cold areas.

Materials and Methods

The experiment was conducted in a split split-plot arrangement based on randomized complete block design
(RCBD) with three replications and for two cropping years (2021-2023) in the Dryland Agricultural Research
Institute (DARI). Factors included supplemental irrigation with two levels (50 mm in autumn and 50 mm in
autumn + 30 mm in end of stem elongation stage (ZS77)) in main plot, nitrogen 5 levels (0, 30, 60, 90 and 120
kgN.ha) in sub-plots and five rainfed barley genotypes (Artan, Ghaflan, ERBYT 8-(96-93), ERBYT 8-(95-92)
and ERBYT 22-(93-90) in sub sub-plots. The barley genotypes were planted on a flat plot area by Hassia planter
in 11-row plots with 15 m long and 2.2 m wide (20 cm row spacing). The sowing rate was 380 seeds per m?
based on thousand kernel weight (TKW) of each genotype. Seeds were treated with the fungicide Penconazole.
Planting took place between September 22 and 28. Measured plant traits included water use efficiency (WUE),
agronomic nitrogen use efficiency (NUE), nitrogen partial factor productivity (PFP), biological yield, grain
yield, yield components, and canopy temperature (CT). Data were analyzed using analysis of variance
(ANOVA) and regression models.

Results and Discussion

The results indicated that the effect of year was significant (P < 0.01) for both biological and grain yield,
which was attributed to a 58 mm increase in early spring rainfall during the second year. An increase in early
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spring rainfall causes an increase in plant canopy and number of spikes per m? and a significant decrease in the
canopy temperature by 7.5 °C. With the increase of each millimeter of rainfall, the nitrogen partial factor
productivity (PFP) increased by 41 kg yield kg N-. A significant difference was observed between the two
supplemental irrigation levels in most of the plant characteristics including biological and grain yield. This
increase was due to a significant increase in the spikes.m?. The effect of nitrogen on biological and grain yield
was significant (P<0.01). With the increase of nitrogen application rate, nitrogen use efficiency (NUE) and
nitrogen partial factor productivity (PFP) decreased significantly. Nitrogen application reduced canopy
temperature (CT) by 2 °C and NUE and PFP by 47 and 104 kg yield kg N, respectively. Nitrogen application
reduced the effects of water and heat stress in the grain filling stage and on average increased WUE by 48 and
56% for grain and biological yield, respectively. There was a significant difference (P<0.01) between the barley
genotypes in terms of biological, grain and straw yield. The highest biological yield of 8419 kg ha‘was obtained
from Artan cultivar and the highest grain yield was obtained from Artan, Ghaflan number 3 genotypes with an
average of 3635 kg ha™. These three genotypes had the highest partial factor productivity (PFP) with an average
of 69.7 kg hal. The average water use efficiency (rainfall + supplemental irrigation) for the production of
biological and grain yield, these three genotypes was 22.3 and 9.9 kg ha.mm, respectively. WUE for the
superior Artan genotype, 22.9 and 10 kg ha™* mm, respectively. The interaction effect of supplemental irrigation
and nitrogen on grain yield was significant (P<0.01). The calculations showed that the contribution of nitrogen
fertilizer in the production of barley grain yield 16.3% was more than soil nitrogen. Finally, two stages of
supplemental irrigation (50 mm at planting time + 30 mm at end of steam elongation) with 30 kg ha* nitrogen
application was the best term.

Conclusion

The interaction effect of supplemental irrigation and nitrogen in the production of barley genotypes was
obtained by improving plant health indices, reducing the canopy temperature and increasing the number of
spikes per m2. Supplying the nitrogen requirement of barley under supplemental irrigation conditions to reduce
the effects of moisture and heat stress on the plant was proved in this research.

Keywords: Canopy temperature, Contribution of soil nitrogen in production, Piecewise (broken) regression,
Yield, Yield components
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Table 1- Meteorological information for station of Dryland Agricultural Research Institute (DARI) in cropping seasons and
long term (28 years)
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Figure 1- Variation of rainfall and air temperature in 2021-2022 (A) and 2022-2023 (B) cropping seasons
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Table 2- Soil physical and chemical properties of experiment location (0-25 cm)
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1400-01 Silty
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1401-02 Clay

2022-23 7.7 0.15 47 51 0.72 4.0 677 76 136 11 23 loam
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1- Water use efficiency (WUE)

2- Nitrogen use efficiency (NUE)

3- Partial factor productivity (PFP)

4- Contribution of soil nitrogen in production (CSN)
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Introduction

Chickpea (Cicer arietinum L.) is one of the most significant crops in the legume family, ranking third
globally after beans and peas. This plant plays a crucial role in biological stabilization and serves as an important
source of nutrition for humans, as well as animal feed and forage. The majority of chickpea production in Iran
occurs through spring sowing under rain-fed conditions, where terminal drought stress particularly during seed
filling significantly impacts growth and productivity, leading to yield reductions of up to 70%. To enhance plant
growth under dryland conditions, using compounds that improve drought tolerance and metabolic activities in
plants represents a practical strategy. Among the identified compounds, humic acid (HA) and salicylic acid (SA)
have shown promise. Humic acid has a significant effect on root growth and the emergence of lateral roots and
increases the levels of auxins, cytokinins, and gibberellins in plants Salicylic acid stimulates flowering and
enhances defensive responses to water deficiency conditions. External application of SA reduces cellular lipid
peroxidation and hydrogen peroxide accumulation, thereby mitigating membrane damage in leaves of water-
stressed plants. Thus, this study aims to investigate the effects of varying levels of humic acid and salicylic acid
on the yield and quality of chickpea seeds.

Materials and Methods

This study was conducted as a factorial experiment based on a randomized complete block design with four
replications. The experimental factors included foliar spraying of humic acid at three levels: 0, 3, and 6 L ha* as
the first factor, and salicylic acid at four levels: 0, 50, 100, and 150 mg L* as the second factor. The plants were
sprayed with these treatments at two stages: during vegetative growth and just before flowering. The following
variables were measured in this experiment: number of pods per plant, seeds per square meter, weight of 100
seeds, grain yield, biological yield, harvest index, and the content of protein, potassium, phosphorus, iron, zinc,
and manganese in the seeds. The experimental data were analyzed using SAS 9.1 statistical software, and the
comparison of the means was conducted based on the Least Significant Difference (LSD) test at the 1% and 5%
probability levels.

Results and Discussion

Results revealed significant effects of salicylic acid on pod number per plant, seed number per square meter,
100 seed weight and seed and biological yield, while humic acid did not have a significant effect on chickpea
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yield and yield components. The highest number of pods per plant (20.95) was achieved with the application of
150 mg L of salicylic acid. Foliar spraying with this concentration led to increases of 35.27% in the number of
seeds per square meter and 26.80% in the weight of 100 seeds, compared to the untreated control. Additionally,
the application of 150 mg L salicylic acid resulted in the highest seed yield (1488.85 kg ha™) and biological
yield (3451.93 kg ha). Results indicated significant effects of both humic and salicylic acid on the protein
content and nutrient levels (potassium, phosphorus, iron, zinc, and manganese) of chickpea seeds. As the
concentration of salicylic acid and humic acid increased, so did the levels of protein and potassium in the seeds.
Conversely, foliar applications of humic acid and salicylic acid on chickpea plants not only enhanced the nutrient
content and protein levels in chickpea seeds but also improved the overall quality of the seeds.

Conclusion

This study highlights the effectiveness of foliar application of humic acid at 6 L ha™ and salicylic acid at 150
mg L™ in improving growth, yield, and nutritional quality of chickpeas under dryland conditions. Salicylic acid
particularly enhanced reproductive success and biomass allocation, whereas humic acid improved nutrient
availability and metabolic activity. These findings suggest that simultaneous applications of HA and SA could
serve as effective strategies for boosting chickpea productivity and quality under challenging dryland farming
conditions.

Keywords: 100-seed weight, Harvest index, Number of pods, Nutrient element, Seed protein content
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Table 1- Meteorological statistics of Kamiyaran station in 2020
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Month Avgrfage temperatu_re (°C) Ave_ra_ge relative humld_lty (%) Rainfall (mm)
Minimum Maximum Minimum Maximum
0222972 6.4 20.3 13.03 57.19 10
April
Py I
) 9.5 235 16.90 62.90 47.3
May
b 145 30.9 3.50 34.33 0
Jun
» 18.1 36.2 2.90 24.39 0

July
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Table 2- Physical and chemical Soil properties of the experimental location
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Textu’re H Organic C N P K Cu Zn Fe Mn
P (%) (mg kg?)

o 7.7 1.25 0.11 12 280 62 6.1 84 13

Loam
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Table 3- Analysis of variance the effect of foliar application humic acid and salicylic acid of yield components and 100- seeds
weight of chickpea

©layo (aSSke
il gty 2ilio &3l an o Mean of squares
S.0.vV d.f &g yd AL lans &0 pn yd &> dlass Y er 49
The number of pods per plant  The number of seeds. m2  100- seeds weight
Soh 3 2,77 3848.10™ 4.46™
Block
Seo |
g da 26.59™ 2242 56" 10.90™
Humic acid (HA)
Selauells S 299.81" 22280.10" 12692
Salicylic acid (SA) ' ' '
HA x SA 6 13.96" T47.79™ 4.69™
> 33 6.70 1542.32 4.01
Error
SN - 16.7 112 5.9
C.V (%)

o pd S5 g doyd gy Jlein] e j3 )b xe g 45 eyl iay IFF 4 NS
ns, * and **: non-significant and significant at the 5% and 1 % probability levels, respectively.
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Table 4- Mean comparisons the effect of foliar application salicylic acid on yield components of chickpea

Sl b ! Qg > SIS dlaws Qo0 pd &> dlaxs &Yoo g
Salicylicacid  The number of pods per plant  The number of seeds m2  100- seeds weight (g m?)
0 (Control) 10.83 c* 294.80 c 294c
50 mg L1 14.00b 348.91b 339b
100 mg Lt 14.60 b 362.06 b 346b
150 mg Lt 20.87 a 398.80a 37.3a

)5 oy iy Jlass] prdaws 53 LSD 9051 (wliolp (615 sixe IS (gt 52 50 S yiio g ()l (slo nSilo
* The means with common letter(s) in each column do not have a significant difference based on the LSD test at the 5% probability
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Table 5- Analysis of variance the effect of foliar application humic acid and salicylic acid on yield traits of chickpea plant

Olas o ko
Ol S 2alio &3l sy Mean of squares
S.0.v d.f Al aSlos dawidSles Gy y adld
Grain yield  Biological yield Harvest index
S 3 15487.84" 283813.50" 33.27m
Block
Saoged dpl 19810.10%  155671.91™ 24.420
Humic acid (HA)
Solodlos 30l wox - -
LT 783479.78 1328753.43 303.11
Salicylic acid (SA)
HA x SA 6 6621.57™ 53355.36™ 16.66™
s 33 8206.20 112892.54 44.83
Error
Sl 11.35 16.59
C.V (%)

o> S5 g doyd iy Jlein] e 53 )b pixe g I gize e iy KK 4 NS
ns, * and **: non-significant and significant at the 5% and 1 % probability levels, respectively.



YY) L o5 Al i g0 ySdos 3 Sl dwl 9 Sogad o] Cilizo Z gl 0 ,5515 51 ¢yl Ko g (6 pilio

2955 b8 (53, 5os o 53 Sbpwnd s sl (NSl Jglome ST (a0l dunny o =1 Jgu
Table 6- Mean comparisons the effect of foliar application salicylic acid on yield traits of chickpea plant

S bS] Ay 3, ot § 3 ySdos Cuild g el
Salicylic acid Grain yield (kg ha!) Biological yield (kg ha®) Harvest index (%)
0 (Control) 869.21 ¢ 2521.37 ¢ 34.47b
50mgL? 1182.83 b 2894.34 b 40.86 a
100 mg L? 1253.44 b 2914.83b 4291a
150 mg L 1488.85 a 345193 a 4312 a

)5 oy ey Jless] pdaw 53 LSD yg05] wliolpp ()13 ixe IS (g 5o 50 S yiio gy (ol slo nSolo
* The means, in each column, similar letters show that there is no significant difference according to LSD test at the level of 5%
probability.
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Table 7- Analysis of variance the effect of foliar application humic acid and salicylic acid on the amount of traits related to

chickpea seed quality
©layo a0le
Ol gt 2ol &3l an o Mean of squares
SeAY df G e n el S ol 59 e
Protein seed Potassium Phosphorus Iron Zinc Manganese
S *
* 3 0.60" 0.19" 0.016™ 0.00003"  0.0008™ 0.0000005"
Block
Saoget Ll 2 17.47" 0.27 074" 000025 020  0.0001"
Humic acid (HA)
A L“_ ) 68.39™ 0.51" 1.75" 0.00008™ 0.016° 0.00004"
Salicylic acid (SA)
HA x SA 6 1.43m 0.10m 0.05™ 0.00003™ 0.015™ 0.00001™*
> 33 0.88 0.16 0.013 0.000008  0.004 0.000007
Error
S - 8.5 14.0 5.1 4.9 419 5.39
C.V (%)

o> S5 g doyd iy Jlein] e 53 )b pixe g I gize e iy KK 4 NS
ns, * and **: non-significant and significant at the 5% and 1 % probability levels, respectively.
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Introduction

The growing human population, global warming, depletion of water and soil resources, and climate change
make it imperative to reconsider food production methods in agricultural systems. Improving resource use
efficiency and enhancing productivity are key strategies to address these challenges. Reducing the gap between
the actual yield currently achieved on farms and the yield that could be achieved using the best environmentally
compatible cultivars and the best water, soil and plant management practices is a key solution to overcome the
challenge of feeding the world's growing population. The first step in addressing the yield gap is to determine
how much and how it is distributed.

Materials and Methods

To estimate the potato (Solanum tuberosum L.) yield gap in Khorasan Razavi province and to determine the
contribution of water and nitrogen to it, two separate field experiments were conducted based on randomized
complete block design (RCBD) with water and nitrogen limitation conditions for potato cultivars in the city of
Quchan during the growing season of 2018-2019. The first experiment was conducted with three irrigation levels
of 100, 75, and 50% water requirement, and used two potato cultivars. The second experiment was conducted
with four levels of nitrogen, including 0, 50, 100, and 150 kg of pure nitrogen, and also included two potato
cultivars.

Results and Discussion

The results showed that increasing nitrogen fertilizer application improved many of the evaluated
characteristics of two potato varieties. However, with the increase in nitrogen use, nitrogen use efficiency
(productivity) decreased. The potential yield of potatoes in different regions of Khorasan Razavi province was
estimated using the DSSAT model. The data obtained from one of the field experiments, including dry matter,
leaf area, phenology (developmental stages), and yield, were used to calibrate the model. After determining the
potential yield and estimating the yield gap, the contribution of water and nitrogen to the yield gap was
identified. Based on the protocol provided by the Global Yield Gap Atlas, the province was clustered into three
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regions. Region 1 (R1) includes the cities of Quchan and Fariman; Region 2 (R2) comprises Golmakan,
Neyshabour, Torbat-e Hydarie, Mashhad, and Dargaz, which lie between regions 1 and 3; and Region 3 (R3)
includes the cities of Torbat-e Jam, Gonabad, Khaf, Kashmar, Sabzevar, Sarakhs, and Bardaskan. The model was
calibrated and validated with the data obtained from the field experiment. Long-term weather data and average
actual yield were collected for each station, and the potential yield in each station was simulated using the
model. Then, the difference between the potential yield and the actual yield was calculated, and the yield gap
was determined for each area. Afterward, using the model, the potential yield was recalculated under water and
nitrogen limitation conditions, and the contribution of water and nitrogen to the yield gap was assessed.

Conclusion

In R1, the yield gap varied between 40.5 and 57.7 ton ha™. The average yield gap during 10 years was
estimated at 48.8 and 31.7 ton ha™! for R1 and R2, respectively. According to the DSSAT model's results, R3 had
a lower potential yield than the other two regions. The average contribution of water and nitrogen limitations to
the potato yield gap in R1 and R2 was calculated. Accordingly, in R1, the impact of water and nitrogen
limitations was 12.1 and 18 ton ha'!, and in R2, it was 10.9 and 8.3 ton ha™!, respectively. Although narrowing the
yield gap depends on the climatic conditions of each region, selecting a compatible crop variety, optimizing
planting date, and adopting appropriate plant density are among the most effective crop management strategies
to reduce the yield gap, regardless of climatic differences.

Keywords: Calibration and Validation, DSSAT, Food security, Potential yield, Zoning
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Table 1- Some physicochemical properties of the soil of the experiment site
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Figure 1- Dendrogram of cluster analysis for agroclimatic variables of studied cities across Khorasan province resulted in
tree main area (R1, R2, R3). Clustering was done based on 75% similarity
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Figure 2- Location of studied cities across Khorasan province were clustered in 3 groups based on days with temperature
above zero, annual aridity index and severity of temperature seasonality
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Figure 3- Comparison of simulated yield with actual yield, simulated days to initiation of tuber production and observed days
to initiation of tuber production (based on data input for model calibration)
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Table 2- Genetic coefficients of potato in DSSAT model
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Figure 4- Comparison of simulated yield with actual yield, simulated days to initiation of tuber production and observed days
to initiation of tuber production (based on data input for model validation)
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Figure 5- Simulated potential yield of potato across three climatic zones during 10 years of study
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Figure 7- The mean of potato actual yield in climatic zones one and two during 10 years of study
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Figure 7- The mean of potato yield gap in climatic regions one and two during 10 years study
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Table 3- Coefficients of variation of potential yield, actual yield and yield gap of potato during 10 years study for cities
located across climatic regions 1 and 2
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Figure 8- The ratio of actual yield means to yield gap in climatic regions one and two (A) and cities located across
climatic regions one and two in Khorasan Razavi province
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gap across cities in climatic regions one and two in Khorasan Razavi province
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Introduction

Intercropping is considered as one of the components of sustainable agriculture, where two or more species
are grown in the same location to take advantage of the beneficial effects between the species. The competition
among species for resource use can be facilitative, conflicting, or neutral. In many intercropping systems, plants
from the legume and cereal families are cultivated with the aim of creating a complementary relationship
between species and to enhance resource use efficiency. One practical way to increase organic matter in
agricultural lands is through conservation tillage and returning plant residues to the soil. Corn (Zea mays L.) is
the third most important cereal in the world, after wheat and rice. Pinto beans (Phaseolus vulgaris L.) are among
the most consumed legumes, playing a crucial role in providing the protein that humans need. The purpose of
this research was to evaluate the performance, competitive indicators, and economic benefits of intercropping of
corn and beans influenced by tillage systems, crop residues, and planting patterns in the conditions of
Shahrekord.

Materials and Methods

The experiment was performed using split-split plot based on a randomized complete block design with three
replications in Agricultural Research Field of Shahrekord during 2016-2018. Tillage with two levels (minimum,
and no-tillage) and three levels of crop residues (30, 60, and 90% of straw yield of wheat) and five intercropping
patterns including corn and bean sole cropping, corn and bean ratio with 2:2, 3:1 and 1:3 were considered as
main, sub and sub-sub plots, respectively. After measuring the yield of corn and beans, in order to evaluate the
efficiency and competition in intercropping, the indices of land equivalent ratio, relative crowding coefficient,
aggressivity and competition ratio were calculated. Also, in order to measure the economic usefulness of
intercropping, system productivity index, Intercropping Advantage, and Monetary Advantage Index were used.
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Results and Discussion

Based on the results obtained, the interaction of tillage % crop residues x plant patterns had a significant
effect on the yield of corn and beans (P < 0.05). Based on the average comparison results, the highest corn yield
was obtained in sole corn cultivation under no-till conditions and using 60% of residues in the second year of the
experiment (1.9317 kg ha™!). The yield of bean seeds, the highest yield was related to sole bean cultivation in low
tillage conditions and the use of 60% plant residues (2933.91 kg ha™"). The interaction of tillage x crop residues x
plant patterns on total land equivalent ratio was significant (P<0.05). The plant pattern of 2 corn: 2 beans had the
highest amount of LER (1.71) compared to other intercropping patterns. The maximum value of total relative
crowding coefficient and competition index for corn was obtained in the plant pattern of 2 corn: 2 beans. Also,
the positive values of the aggressivity index for the corn showed the competitive advantage of this plant
compared to beans. The corn canopy has a larger volume and height compared to the bean canopy, so corn is a
stronger competitor in absorbing light and other resources than beans. The corn canopy has a larger volume and
height compared to the bean canopy, so corn is considered a stronger competitor in absorbing light and other
resources than beans. The system productivity index was positive across all intercropping ratios, indicating the
overall effectiveness of intercropping. The highest intercropping advantage (5859.42) and monetary advantage
index (5988.62) were observed in the 2 corn: 2 beans planting pattern. The increased monetary advantage index
in this ratio can be attributed to the higher land equivalent ratio and total relative crowding coefficient achieved
in this treatment.

Conclusion

According to the results obtained from the evaluation of the land equivalent ratio and the relative crowding
coefficient, intercropping advantage and monetary advantage index, it can be stated that the 2 corn: 2 bean
planting pattern was superior in terms of competition and economic usefulness compared to other intercropping
patterns. Based on the findings of this research, the positive values of the aggressivity index and the increase in
the competition index indicate a competitive advantage of corn over beans in intercropping. Therefore, it can be
said that the 2 corn: 2 beans, in addition to creating diversity and sustainability through maximizing the
biological potential of the species, is significantly effective in enhancing financial advantage and the efficiency
of using agricultural lands.

Keywords: Cereal, Land equivalent ratio, Monetary advantage, Relative crowding coefficient, Yield
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Table 1- Physical and chemical properties of soil before start of the experiment
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13951396 ., ) 786 0.73 0.087 8.6 217 1.4
1396-1397  Clay-loam  7.91 11 0.077 8.2 249 1.38
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7- System Productivity Index (SPI)
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1- Land Equivalent Ratio (LER)

2- Relative Crowding Coefficient (RCC or K)
3- Aggressivity (A)

4- Competition Ratio (CR)

5- Monetary Advantage Index (MAI)

6- Intercropping Advantage (1A)
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Table 2- Combined analysis of variance (mean of squares) of the effect of tillage levels, crop residues and planting patterns on
the yield of corn and beans.

CAJES PN eMilan,y  whdbsSles Loy aild dSlos
S.0.V df Corn grainyield Bean grain yield
Y) Jl
() d 1 696942.05" 141118.93™
Year (Y)
l) S
(Jlo) S5k 4 109595.44 26024.86
Block (year)
(M558 zolaw 1 60794.46" 1078.71"
Tillage levels (T)
S5 X s 1 2432818.45" 89331.54"
YxT
I gl
kel s 4 82714.93 9696.16
Main error
R) .als bl
(R) ol st 2 2158900.94* 1227769.18"
Cropt residues (R)
$ bl X L
2L cbla % 2 78454.19m 1466201.31"
Y xR
ol bl x (65,3816 2 2253240.01" 264357.47"
TxR
AL bl x 555955 X Lo 2 3596624.6* 305261.36"
YxTxR
bl 16 178739.29 16278.47
Sub error
P) cuiS slmgS]
(P) euis (slasd 3 21188411.57* 2205579.66"
Planting patterns (P)
i’ slagSll X JLo 3 758152.41" 251427.91°
Y xP
i slagSllx sy S 3 370799.91" 25818.34
TXP
S clagSlx (55,5515 X Jls 3 1138388.2" 15537.86™
YXxTxP
S sl x oalS (Lla 6 47393.08" 108181.11™
RxP
i clagSl x LS (bl X Lo 6 487632.64" 34959.49"
YxRxP
S SlgSx oS sl x (55,55 6 346207.93" 67441.47"
TxRxP
cuiS gl x alS Ll x (655815 x Lo
slaslxals bl x sy 6 458700.18 41898.17"
YxT xR x P
e p s 72 80251.5 8629.13
Sub-sub error
Ol i o p - 4.9 4.0

CV (%)
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ns and *: Non-significant and significant at 5% of probability level, respectively.
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Table 3- Mean comparisons of the interaction of year, tillage levels, crop residues and planting
Patterns on corn grain yield

Jlo (55595 s CulS (gl WPl Sl sy
Year Tillage systems Planting patterns Crop residues (%)
ge sy gp 30 60 90
S 7785.9" 7758 7610.6¢"
oS oS Corn sole cropping '
Roduced tillage 2C:2B 6355.7° 7085.5M 6361.37
9 3C:1B 6977.7°  7144.2"m 6857.6"
1395.1396 1C:3B 6404.67 6884.5" 6737.6
ol e 8677.70 8725.6 8088.8¢
S Corn sole cropping
N tillacs 2C:2B 6564.5M 7218.2¢ 6717.5"
g 3C:1B 6919 76560 6755.2
1C:3B 6240.8% 6670.1™4 6556.2
Nt 7755.720 9237.22 7687.104
i S oS Corn sole cropping _
Roduced tillage 2C:2C 6358.40 7545.2¢1 6512.507
g 3C:1B 7016.3° 8249.9b¢ 7566.70-
. u d-i tu
1396.1397 1cu.3.|.3. 5813.4 7595.7 5853
Nt 7879.8¢1 9317.12 8260.60¢
oS Corn sole cropping _
N tillage 2C:2B 6442.70 6999.5M 7044.70
g 3C:1B 6669.9m 744271 7982.1¢*
1C:3B 6102.1" 6618.4m 5965.35
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* Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test.
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Table 4- Mean comparisons of the effects of tillage levels, crop residues and planting
patterns on bean grain yield

S s P Sl o
Tillage systems Planting patterns Crop residues (%)
30 60 90
ol by . 2418.11°¢" 2933.912 2758.42°
9SS Bean sole cropping
Reduced tillage 2C:2B 2043.25Km 2451.08”9_ 2374.14%F
3C:1B 1825.9" 2195.14Mi 2353.23¢f
1C:3B 2215.5091 2253.331 2339.79%¢
ol by . 2499.22cd 2820.75% 2582.68°¢
s Bean sole cropping _
No tillage 2C:2B 2116.4211 2428.42% 2318.16h
3C:1B 1862.40" 1998.611™ 1966.33™"
1C:3B 2149.42 2448.04% 2177.98i
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* Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test.
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Table 5- Combined analysis of variance (mean square) of the partial and total land equivalent ratio of corn and beans
affected by tillage systems, crop residues and planting patterns

Ol pds @lbe @il aa > 03 omej S plp Comd gl (o) G lp S S (a0 (6 2l 52 S
S.0V df LERCcom LER Bean LER Total
Y) Js
(Y)J 1 0.0074ns 0.161" 0.098"
Year (Y)
L)
(Jlo) Sok: 4 0.0034 0.0036 0.0069
Block (year)
(T) 55,556 oo 1 0.0030" 0.0128" 0.0033"
Tillage levels (T)
SippSB Xl 1 0.114ns 0.0009" 0.135"
Y xT
| glas
ohel s 4 0.00052 0.0044 0.0024
Main error
R $ <Ll
(R) P bl 2 0.0352" 0.0149" 0.0532"
Crop residues (R)
LS cbla, X Lo
AL sbla X 2 0.0016™ 0.0017" 0.00005"
Y xR
@S Gble x (65,56 2 0.029" 0.0148" 0.0311*
TxR
ol bl x (65,5816 X L 2 0.049" 0.0051* 0.0793"
YxTxR
5 cllas
o2 16 0.0079 0.0038 0.0051
Sub error
P) cuiS clagSll
( ) lags) 2 0.057" 0.063" 0.105"
Planting patterns (P)
Y xP
cuiS Sl x (65,055 5 0.0097" 0.0016™ 0.0073™
TXP
S slagSl X (55)9 S X Lo 2 0.0016" 0.0022" 0.0002"
YXTxP
S oSl S bl 4 00017 0.0182" 0.024
RxP
cutS sl x alS bl X Jl 4 0.0080" 00047 0.016
YxRxP
S (slogS X oS (bl X (5,55 4 0.0032" 0.0012" 0.0051"
TxRxP
cuss dLm}i" xu—""tf LSLLB-' x Lﬁ).)B‘SB x JL“’ 4 0.00069™ 0.0085* 0.0116"
YxTxRxP ' ' '
A gl 48 0.0013 0.0003 0.0011
Sub-sub error
23 po R 4.5 3.1 3.1
CV%

Sl e Ao yd iy Jleis] s )3 I3 Gze g 5 gime e iy 1 o NS
ns and *: Non-significant and significant at 5% of probability level, respectively.



Yoy

e )8 bglio S (golasdl guiwdguw g cold) sla msli Jb 55l ]y Kod g (g 35T

B LER total

1.9 a

(LER) ¢mej g5l 52 Commns
Land equivalent ratio

2Corn:2Bean

ELERbean BELER corn

a

3Corn:1Bean
Planting patterns

a

1Corn:3Bean

Lug) g 0,3 bolseo CuiS cilisen (sl 40 (a0 (&l S — ) S
Figure 1- Land equivalent ratio for different intercropping patterns of corn and beans
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Table 6- Indices of relative crowding coefficient, aggressivity, and competition in different intercropping patterns of corn and

beans
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Tabe 7- The effect of different intercropping patterns of corn and beans on the system productivity, advantage, and monetary

advantage
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Introduction

One of the main challenges in achieving sustainable agriculture is maintaining production under
environmental stress. Drought, a prominent geographical feature of our country, is an unavoidable and
unchangeable phenomenon. At the same time, the consumption of energy, water, and food resources is increasing
rapidly, making it essential to develop strategies to mitigate and reduce its adverse impacts. Sweet corn (Zea
mays var. Saccharata), scientifically known as (Zea mays var. Saccharata), is a genetically modified plant of
regular corn. This genetic modification causes the accumulation of sugars and soluble polysaccharides in the
endosperm of the seed. This plant has special economic importance because all its parts, including the cob, stem,
leaves, wood, and husk, are used. Unlike regular corn, this plant is consumed fresh by humans. The most critical
stage in terms of water consumption in sweet corn is the flowering stage, from the appearance of silks to the end
of cell division in the growing seed endosperm. Stress occurrence at this stage causes a 14% reduction in grain
yield. Meanwhile, stress occurrence in later stages, such as cob elongation and seed maturation, results in a 31%
and 21% reduction in grain yield, respectively. The aim of this research is to study the response of different
sweet corn cultivars to various irrigation regimes through traits such as seed yield, dry weight of 100 seeds, leaf
area index, yield components, and proline content.

Materials and Methods

To compare the response of four foreign hybrids and one domestic hybrid cultivar of sweet corn to different
irrigation regimes during flowering, an experiment was conducted in a split-plot design based on randomized
complete block design with three replications. In this experiment, the irrigation regimes included: a- stopping
irrigation until soil moisture depletion reached 15% of available water and then irrigating to field capacity in the
root development zone (control: optimal irrigation), b- stopping irrigation until soil moisture depletion reached
35% of available water in the root development zone (mild water deficit stress), c- stopping irrigation until soil
moisture depletion reached 55% of available water and then irrigating to field capacity in the root development
zone (moderate water deficit stress), d- stopping irrigation until soil moisture depletion reached 75% of available
water and then irrigating to field capacity in the root development zone (severe water deficit stress), applied
during the reproductive stage in the main plots and sweet corn cultivars (Merit, Honey, Genesis, Chase, and
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Single cross 403) in the sub-plots.

Results and Discussion

The results showed that the optimal irrigation treatment had the highest grain yield with an average of 5159.6
kg ha'!, while severe water stress had the lowest grain yield with an average of 3429.2
kg ha'!, which was 33% less than the best treatment. Among the studied cultivars, the Genesis cultivar had the
highest grain yield. The Honey cultivar showed the lowest grain yield among the studied cultivars, which was
20% less than the best cultivar. Severe water deficit stress had the lowest dry weight of 100 grains, which was
20% less than the optimal irrigation conditions. The highest biological yield were obtained under optimal
irrigation conditions and the Honey cultivar. The single cross 403 had the lowest biological yield under severe
water deficit stress conditions.

Conclusion

The study demonstrated that optimal irrigation significantly enhanced sweet corn yield, leaf area index, and
biological yield, while severe water stress substantially reduced these parameters. Among the hybrids, Genesis
outperformed others in grain yield, making it the most suitable choice under water-limited conditions.
Conversely, the Honey hybrid exhibited the highest proline concentration, indicating better stress tolerance.
Overall, the Genesis hybrid is recommended for cultivation in drought-prone areas due to its superior yield.

Keywords: Biological yield, Grain yield, Harvast index, Leaf area index
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Table 2- Meteorological information of the experimental area

pes s e Sope g
Parameter May June July August
.o Ly Sl
i 2 o 35.31 36.56 35.14 31.87
Average maximum temperature (°C)
w o> oe 22.08 24.32 23.67 21.41
Average minimum temperature (°C)
5k
o 0.00 15.00 0.40 0.00
Total precipitation (mm)
o Caglo) alalo Slee 18.76 21.07 20.48 22.01
Mean monthly relative humidity (%)
28T olebs sl
387.80 364.90 375.60 330.90
Total sunny hours
olo )3 gunds e
Amount of total radiation in the month 115089.00 108341.00 103173.00 90264.00
(cal cm?min-)
Loy ko
> o 29.33 31.02 2075 2637

Mean temperature (°C)
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Table 3- Characteristics of the hybrids used in the experiment

(S Sty 093

(S Sty 09,5

Po)! Maturi Processin Slasud
Hybrids v 0 od g Characteristics
group perio
Merit Mié:]m 70-80 bln plo Bl Yo VO Joboa a5l (pailew 5 (i sl
maturing This plant produces an average of 1.2 ears per stalk, each exhibiting a glossy yellow hue.
The ears are very heavy and cylindrical, measuring 25 to 30 centimeters in length.
oo Sy 255 0900 ) g o Blo YV BV 0gee Jobo cp)S Y+ 0gee (g o b Voo olS £lis)|
Honey Medium- 75-85 The plant reaches a height of 200 centimeters. The fruit weighs approximately 310
maturing grams, with a length ranging from 20 to 22 centimeters, and features a deep yellow color.
ook Soxp 255 o0 ) g e Blo YO BV ogee Jobo
Genesis Medium- 70-80 The fruit measures between 20 and 25 centimeters in length and displays a vibrant deep
maturing yellow color.
ol YO U Y- gty (ks 5 (s o S
uoooke Bl ol )5 S5y 4 gy > Y JIV/0u)g ke
Chase Medium- 70-75 The ears are very heavy and cylindrical, measuring 20 to 25 centimeters in length. On
maturing average, the plant produces between 1.5 and 1.7 ears per stalk, exhibiting a highly glossy
yellow coloration.
Single 0999 SYsb g S)j sy g 9 LaSgM (VL doyd 4l
Cross Early- 65-75 It contains a high percentage of flavonoids and protein, features large kernels, and
403 maturing produces long ears.
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Table 5- Mean comparing of sweet corn traits under the interaction effect of irrigation regimes and hybrids

bl s, ol Sy padlS s, 0 4l law P 5 o9

Fresh weight of ear

Irrigation regimes Hybrids Leaf area index  Number of grain per row (kg ha!)
Merit 5.33 b* 32.3ab 11014 cd
Ll Honey 5.26b 34.00a 13550 ab
Genesis 3.85e-g 32.00 ab 9457 ef
Control Chase 4.34 de 3430a 15497 a
Single cross 403 6.27 a 34.30a 5632 i
Merit 5.14 bc 29.60 a-d 8650 e-g
o o8 Honey 5.23b 33.00a 12353 bc
L TR Genesis 3.33i 25.00 d-g 7117 gh
Mild water deficit stress Chase 3.97 ef 29.00 a 10617 c-e
Single cross 403 4.82 b-d 22.60 a-d 3433 jk
Merit 3.94 ef 27.00 b-f 7555 f-h
L Honey 4.60 cd 31.30 a-c 8550 e-g
bogie e . Genesis 2771 32.00 e-g 7330 f-h
Moderate water deficit stress Chase 3.39 f-h 26.00 c-fg 10270 c-e
Single cross 403 3.69 fg 17.60 hi 2660 jk
Merit 3.79eg 24.00 d-g 4720 ij
s S Honey 4.32 de 20.60 g-i 5877 hi
e Genesis 2.11j 23.60 e-g 7527 f-h
Severe water deficit stress Chase 3.09 hi 22 60 f-h 9100 d-g
Single cross 403 1.79j 17.00i 2386 k

il o oy iy prdaw p3 45 ime (el BMS| 186 LSD (9051 5l odlitl b oS jie o S Jlis (s (olo puSilo g by i

* The means with same letters in each column do not have a significant difference in the probability level%b5 errore in the LSD test.
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Table 6- Mean comparing of sweet corn traits under the main effect of irrigation regimes
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Irrigation regimes Number of rows per ear Length of sterility weight of 100 grain (g) Grain yield

(cm) (kg ha!)

el 14.86 A* 3.03¢ 1721a 5159.6 a

Control
o edledS 14.06 ab 384b 15.14 b 3990.8 b
Mild water deficit stress
bugto (oS
. 13.46 bc 4.39 ab 14,64 b 3828.0b
Moderate water deficit stress
3 (ol 12.33¢ 498a 13.61b 3429.2b

Severe water deficit stress

s e o yd gy pdaw I gime (el M) 136 LSD 9051 5l eolisl b oS jiie Gy S 8l (6l (ola yuSileo oygian oy
* Means with similar letters in each column are not significantly different at 5% probability level



VELE Gl F o)lods YT als (ol (815 Slowidois dpnis  TFA

Ot ©)3 pB)) (ol 31 Cod (g i O3 Olhio (0o dumlio -V Jg
Table 7- Mean comparing of sweet corn traits under the main effect of sweet corn cultivars
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. e rain yie roline : o
Cultivares Number of rows per ear  Length of sterility (cm) (kg ha) (umol g FW) Harvast index (%)
= 13.91 ab* 3.73 bc 3797.1¢ 1386 a 277D
Merit
o 12.75b 434ab 3686.8 ¢ 1511a 2.1¢
Honey
o .‘_ 12.91b 481 a 4606 a 14.26 a 40.4 a
Genesis
o 14.00 ab 3.79 bc 42189 ab 1449 a 26.4b
Chase
. | :
Y ol S 1483 a 362¢ 42006 b 12.01b 377a

Single cross 403

s o doyd gy prdaw ) I gize (el M) JBB LSD 9051 5l eolisl b oS jiie By S Bl gl (slo uSilio (ygian ooy
* Means with similar letters in each column are not significantly different at 5% probability level
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Table 8- Mean comparing of sweet corn traits under the interaction effect of irrigation regimes and cultivars
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Irrigation regimes Cultivares Dw of ear (kg ha!) Biological yield (kg ha?)

Merit 5727.33 f 17955 b

Ll Honey 9968.4 a 22214 a

Genesis 5267.8 fg 13910 de

Control Chase 8910 b 18311b
Single cross 403 1876.1 Kkl 13209 d-f

Merit 3605.5 | 13840 de

N Honey 8833 b 18955 b
L e Genesis 4816.3 g 11840 e-h
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L Hone 2247.8 k 10872 g-j

A oS Genes)i/s 3326.7 137989ijj
Severe water deficit stress Chase 6474.4 ¢ 13798 de

Single cross 403 490 m 8537 j

b o oy iy aw j3 I3 ine (6 bl BMiS] 1818 LSD (9051 51 ookl b oS yuiio B S5 JBlus (s (o nSibo ygim pm 0
* The means with same letters in each column from, do not have a significant difference in the probability level 5% in the LSD test.
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Figure 1- Main effect of irrigation regimes on proline content of sweet corn leaf (LSD test at the 5% significance level.)
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Table 9- Correlation coefficients between sweet corn traits

. @ @) ®) (4) () (6) 7 ®) ) (10
Triats
S g 23S 1.00
LAI (1)
)y 0 &b olas 0.70%* 1.00
Number of grain in the row (2) ' '
Pl 2 e, s 0.60%* 037 1.00
Number of rows in ear (3)
i J9L, -0.53* -0.50* -0.63** 1.00
Length of sterility (4)
M 5 o3
P S ois 0.32 0.76** 0.09 -0.30 1.00
Fw of ear (5)
W i s
S )9 0.25 0.65** -0.00 -0.22 0.91** 1.00
Dw of ear (6)
IVee o
oo e ok 056%  0.74**  045% 068  0.60**  0.47* 1.00
weight of 100 grain (7)
315 5 Slos
B2 026  054*  054%  -043* 041 030  072** 100
Grain yield (8)
‘S):.
) ~"_’j9ﬁ > s 0.61 0.79** 0.27 -0.49*  0.85**  0.88**  061** 037 1.00
Biological yield (9)
UAJ”J -0.14 0.00 -0.52* 0.49* 0.26 0.35 -0.23 -0.30 0.11 1.00
Proline (10)
il jasls
r o> -0.48* -0.40 0.02 0.24 -0.53* -0.61** -0.11 0.36 -0.69** -0.31

Harvast index (11)

A o i |y Mo yd S g gy e ) (0 bxe 5 Yl gixe gl pas ey sk g % NS
=and **: indicate significance at 5% and 1% levels, respectively, and n.s of non-significance.
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