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Abstract

In recent years, sweet corn (Zea mays var. saccharata) cultivation has expanded in Hamedan province for
fresh consumption and processingDue to the high demand of sweet corn for zinc and boron, the effect of
foliar spraying of these micronutrients (either combined or individually) at various stages of growth and
development on morphological characteristics and traits related to ear and grain yield was studied. The
experiment was carried out in split plots using a randomized complete block design with three replications
in 2022 at the Ekbatan station of the Agriculture and Natural Resources Research and Education Center of
Hamedan. Different stages of foliar spraying including vegetative growth (6-8 leaves), tasseling (beginning
of reproductive growth), both stages of vegetative growth + tasseling, grain filling and both stages of
vegetative growth + grain filling were placed in the main plots and micronutrient treatments including the
control (distilled water), boron, zinc and boron+zinc were placed in sub-plots. Boric acid (containing 17%
B) was used as a foliar application of boron, and zinc sulfate (containing 23% Zn) was used for zinc. The
chosen cultivar was the Basin hybrid. The combined foliar spraying of boron and zinc at both stages of
vegetative growth + tasseling resulted in the highest number of grains per row and rows per ear (43.9 and
17.7 unit, respectively), wet ear yield (43803 kg ha?) and grain extraction from cob (37.8%). . This
treatment also showed favorable ear length and diameter (improtant for processing and fresh consumption
with 29.7 and 4.67 cm, respectively. Therefor, it is recommended to use the combined foliar spraying of
boron and zinc micronutrients at both stage of the 6-8 leaf and the beginning of reproductive growth, to
improve traits related to the processing and fresh consumption of sweet corn as well as improve grain
extraction percentage, yield components and grain and ear yield.
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Table 1. Soil physico-chemical properties of experimental site

EC pHof Clay Silt Sand TNV TotalN OC P K B Zn Fe Mn
(dS.m?) paste (%) (%) (%) (%) (%) (%) (mgkg?!) (mgkg?) (mgkg?) (mgkg?) (mgkg?)(mgkg)
11 763 26 24 50 18 0.05 051 3 239 0.48 1.12 71 6.18
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Table 2. Irrigation water chemical properties of experimental site
EC pH COs?* HCOs Crr SO Sum Ca? Mg?* Na*  Sum Cations SAR

(dS.m?) (mgLith) (mgLit) (mgLitl) (mgLit) Anions (mgLitl) (mgLit) (mg.Lit?) (mg.Lith)
(mg.Lith)
075 742 - 3.75 2.63 1.72 8.09 24 2.2 3.49 8.09 23

imen i ool SAS i L aasks il 450
Qo o N JL0-->'| CJG—AJ » LSD 09")—‘ L, “ b0 e u‘\_i’l_m
""5)f )‘)5 ML“-" S)y90

S D 905 3 e Sagm e g 4
GyaneS ol olie lely b golal ol Jsbe b
QLT Joaz 0 el gad g o) e Jolye 5o 492555,

PO PXWRIRY

YY

S @Luo @, 90 3l dig O GeoLm Sl by s 3l s
yokie 4y a6 o slail adles Jlad g wigy el f Dlas (o S
B> 5l s g o 3 50 SN clls il 3l i
9 Bl 5l ey b plnl i) e Sletl g ol e o
o axly 0 5 b P o Sles da P slaws (yb)les
als oo« )8 5o 5l PL O Bolar Sl b g ol (adeie
OmeS Pl Job g k8 g Pl o als s, ol s, o
Sl 9 S50l Pl 0oz g laals ()9 Cizmen a2

208 s (Al Jlastiwl dz 10) Pl gz 4 alls 39



\f’f )l‘éﬂ‘ 6\ O)Louja ‘\\‘ AL’>

S 60,5 Clabass

Bl 8 (a8 o pnagS SNy 5 5 5l Joons
Ja) e T 8l Jloxs 4 Lisye ol /Y
Wgr Ay Ay + ooy, Ay Ao g0 a0 (ald
Shdsle 4 bgy e Al oo 0 AV L sl Jlad oy i
(POl + sty aby Al s 93 5 10 (55, 5 Hp by
Og

aw vg 50 O olaxy

slasy aile calizre glizl Jolis ¢y s <yd wls 5 Slos
oy olasy Jol) Pl ye j0 ails slasd e axlg 4o Dl
ol S el alls 38 5 (o, jo alls slass g sl
oy iy o s 0 5.0, 3] lisin Jol o 5 132
Loy S s cilS b Ygans pehans alg 45 D sl
S oo et 4l il (glaasey slass Lyles 5 oojailse
Sile (Y Jgoz) il ylg 4525 Jga> .(Choukan, 2012)
e Jolpe lite g (ol SIS og o gne pae
axly 0 Plslass p alié jolie glalos 5 (3b Jslore
@ gl aly o Ploslasd (n S 5 (i Sg haw
Al Jglme 4 Blate gopa e ;0 PLONT 570 L sy
Ay ol o GAbdglme g s Gady al>pe s
poe &5 Seyo0 S5 (F Jgu) o alls (ol v ooy
O o e axly o P ool Gl o pxe IS
S cad s o ol Syl el o cilin (slo o
0515 o 395yl 5] g otk s oo ool
Slosi 559,50 3 (sl Ll el ongy Pl g i 2l
Ol S pba we oSl SrasS ol e
W) ) iz 9 Sy g ald sbjled ple o s
samlice (aymyio ,5 Db O/AY 5 OIS0 1\ BIAD i
ok b 5 Job

@ Ot )8 518 ) e Slio Sl DL kS 5 sk
s VAV 1 oS oo sl b s eas] o o
lio Sl 5 50 Sl yio il Y10 5| a8 s 4
D5 s o8 T el 03lSe gl 5l a5 o
3 Jsb oS polde i colaiwl JB S o oolaiul
Pl ooz sl als Jol5' (gslulaz a5 098 oo s Pl b
oy plodil  gdew 4y (0ausS (o) oausS Ll olKws lawgs
3 etBu ol 5l e a8 plaails) allSs gladils w4
A ol 8 sy el (Gl et Pl gz 4
Seboe b gz s Jlaziul wo)s falS coge

vy

Bl Jhd g gy glis |
sl glojlo 5 o5l sbre calises olye Lol o
e 51l den (pl b g o gae doys S Jlois!
s e @Bl 5 5y 5055 o lons 5 (S5l Jgbre 4l 5o
wWad oo olad ¥ Jeus aS i limen (¥ Jgoo) cuil
95 2 50 Hhdole & bgpe G Job ke (p yiie
g progils VoVIFA L Jub o0l + cdog) 0B al> 5o
sl dsle Lulyd 0 &g Job b (5ol sme gl 4z S
Ay al> e 93 50 )0 b 5 (58 a8l (ciug) Ay Al pe o
(o il YoVIY g Yoo/ oy ) ails ol py + iy,
Ayl e 4 gy glis | S Ayl &y azg Lol Lt
)|y iz i (1 5l e g Sbise Jol> (o,
aS" dy oo ,la3 4y (Choukan, 2012) 08 s Jol> asg
Ao ye Wiy 2lod W) I RL 6l Al ye (e
Cod et D0 W gl GuliEl sl gdug, o,
Bl (e plo Lawgs )92 9 59, Qlely (SSb Jslne Ll
@ axg Loy as S 18 6Ll 0,50 30 (Jolli al., 2020)
iblie 5 4Bl g Mol eigy £l ayons iyl sl
Al d>lge diliwsli wals glaal Joi9 b aS e e
Slp Gle Glaie 4y a8l (s e was g0 iali8l |,
a8l Hhd oy sy F Jsa> 3illas (Cheng etal., 2011)
ALy al> o 95 8 50 (8L Jolowe 4 bgy pe Yo S5l FIFY L
Celae Cuglio S el (nl &S g Jub el + s,
@y i)l Rl 08 ele o oyg 4 ot (nl Cod sladisy

Syl ol
ok oy e SRR s D)3 0 55 9 59y d9aS
5 ST ile 03, laygey9m colled (EalS LS 4y ol S
(Gheibi et 59 oo 2V (sloo 3 le alols als Lalais
el b Joloe oy yol> ialejl o al., 2014)
el YoV by 9 59 SranS glde ole
DS 4z 51 wg Jloy55p g elis)) Glime YL
£ 3 5 53, U 5 9 B Jslome (slaslass b s sine
£lis ) ialsdl Kinlom iy, (o il Yo Y VAV i
YLD 3 959 olelgs bl Jslone 0 4Bl b 5 &5,
Lis coms (il FIOY (e 4 alls L5 s
Gllas 005 oy 2l o e (al cod slaais: Canglie
al> o Cilis sl jiiSan s Hhoo 45 a5 o ys b Jso



w0559 89y s2hdale 4 el )3 STy

g cmlio 5918 slp 53, 3 o Slelys b g ol
B3935 2 6918 sl sollas Lasl s 5l el Jlews (sla Db
€5 5 Hhdslme adope blite DIl 4y azgi b gy
5 Job o bl polie 5 (O Jooz) SraseS olié jaie
S S (g oo (b mlio 5 6593056 slp P ks
sl a5l G g (b Jglome al> o 5l a5 0
b gl o eslinul gl (LA Jslome pas Lalyl o
Do duw 4250 o8 (595050 dolie (sl 9 W09 cnlie
Sype & bz ) 455 65, sl dsle Jlie jo ol
ceslie o Pl g s 0l lixe Jlye 50 (Glolgs
Jsb Ol 023V w05 (5930l 5 hass mles Gl
4 @laie ylo il TPV VANV oy b (Pl yhad g
bsagy o8 Al e 95 18 40 (59, 5 4 Slels b Jolrs
2 Al ye 53 (8L Jslore die) (nl 53 4z ST (09 (b
Shdglore ;86 cod Gl Pl 1) g (e dils (b
Sy pyele e Gl 55 550 5 s, QL"Tﬂs L 5 ol
ol ol B polis oy s i S5 51 oo
Gy el VAN 5 WA AVIE g oa) Db
G503l 5151 (s, +ym OLels 5 635 o9 S sle

B Dgae gd A,

v¥

50 S laasly 5l gaid lge oz a5 s cpl p ogdle
Gl 9 (S92 s e D)5 9peiS BB Bl
oS @le (b S (pmizmen g D)3 sladly (o
Dol e (el )Y 9SGyl a5 35d e
5 kol Ol Y Jeuo gillas (Haghbin et al.,, 2014)
2 SranS olié paie Lo 5 Bl sle ol i
209 e vy Sy whaw 3 Pl g Job wlaw
ol g oSl Jpbne alo e e slafas oo
Glte oSSl FIVA g YONY ol 5 0 b b 3 5 Jobo
B+ (shagy By dl> e 93 58 )3 (SBb sl Lo @
YIO8 g WIFY o p 4 b 398 Sliao Glie (nyieS 9 Julb
S92 (il al> 1o 55 b Jolows Lo 4 Blate fa il
b8 g Jsbo (Sl yolie 4 azgi ks (ul b (T Jgoz)
S S Gy e Glite Jole s Dl
15 g camlio (s 3 (6518 el ol (gl Dl
Sedz e Pl Jsb s 93036 sl cn et D)3 (ganaz
dw &0 g o Bl -V g0 A0 (e il Ye-YO
L onlpbs (Haghbin et al., 2014) ol o sl V=10
st s e e 53 Pl Jgb polie & 45
2 55 i gle Cov S Pl ogdle a5 S 5 o
o oM (Jul el ey wb) alpe g
Sy dle s sty w) Ay 3 SBh gl
(sl YENVA  YYIAA (5 s 1) s 0y ot s,
Ao ye o SAhdslre cod Sl Pl s CodS (e )
s VAT iy a L) gandils alye g Juli 5
Suolb sy roml CwdS e Bl VY

13595
Sl 2 Il o oty i i g5 i
72 Dl b8 5 st YOIVA Bl Jsb b 55, 5
Ol 3l w9 <85 13 bajles plo 5l 5V pie il
YIVY g YXIVA s a0 b Skad 5 Jsb) (59, sloles
YN g VYNNG sy Pl Sk g Jsb) g0 (e il
e 4 Pk g Job) sals e Bules 5 (e il
b i3S 8 o slbes, 4 (e gl YTY 5 VE/TE
Sl Bl (s 9706 sl Pl Jobo o faliv] polis 4y 4z g
(S35 9% Ol b g oLl (b Jolome (slajles o
4253 (B slons pae) vald Lo Gla Pl g SG a0
stelie Cundg 35 (hod @lio J 5laad g an
sl bl cod sla M aS J 3 5092 )18



VEF L ) opled Yl S g0 5 Dlides

%895 9% Hhdebre byl ph S (il 03 3 g Al 3 ;o 9 5, 5hos (5132l (S Selgd yo Wlao (il ylg 4 -F Jgua
903 5 by Ao Jorlyo
Table 3. Variance analysis of morphological traits, yield components and yield of grain and ear of sweet corn
under the foliar spraying of boron and zinc in different stages of growth and development

Mean squares

Stem Ear Ear Number of Number Weight Freash . Grain
Plant . ar . . 0 Grain .
SO.V. df | diame numb diame grains per 100 ear . extraction
height length rows per . ; yield
ter er ter row car grain  yield (%)
Replication 2 27860 001 011 072 001 3.54 0.39 537 15566998 5648219  1.92

Foliar spraying
stage

Errorl 8 8397 003 098 105 001 4.06 0.52 342 3860642 5080819 0.53

4 626.50** 3.99** 3.12" 149.95~*1.30** 300.17** 20.78** 7.11" 242419260** 51726210** 54.25**

Micronutrient 3 624.35%* 491** 153" 39651** 3.49** 602.34** 42.96** 5.47"S 427931645** 47300575** 64.57**
Foliar spraying

stagex 12 74.15™ 056** 0.76" 2633** 0.21** 32.67**  379%* 424" 15073383** 5125860™ 1.73**
Micronutrient

Error2 30 6796 002 061 088 0.01 3.86 0.35 282 2682608 4822847 0.11
C.V. (%) 6.11 20.12 10.12 27.58 13.83 24.23 9.77 2143 2268 14.31 8.22

** * NS
9 ¢

6ol3l am 0 1O ol i o 0 IOV o p0 ) 5 0 Jlatsl o 40 jlo sime g )0 chne pé o 4
"s, * and **: Non significant, significant at 5 and 1% levels of probability, respectively. C.V: coefficient of variation, df: degree of freedom

&P 9 b gkmo ado yo (gla yloud 50 (3 yuld 033 JM g Aild 0, o 9 0 Shos (152! (S 59dg8 po Sliuo (puSilee dmglio -F Jgur

Table 4. Mean comparison of morphological traits, yield components and yield of grain and ear of sweet corn in
foliar spraying stage and micronutrient type treatments

Number Number Weight

Plant Stem Ear Ear Ear Freash ear Grain  Grain

. - . of of 100 - - .
Treatments height diameter numb length diameter grains per rowsper grain yleld_l ylelol_1 extrgctlon
(cm) (cm) er (cm) (cm) row car (@) (kghat) (kghat) (%)

vegetative growth 200.60a 4.378b 5.81a23.88b 4.32a 35.00b 1550a 11.20a 29571b 10323b 33.88d

tasseling 190.73b 3.470c 5.86a1840c 3.87b 28.25c 1350b 11.1la 29268b 11074b 34.73b
vegetative growth 35.68a
+tasseling 203.48a 4.605a 5.9a 25.13a 4.28a 36.98a 15.58a 11.40a 35892a 13492a

grain filling 187.70b 3.338c 6.05a17.63c 355c 25.28d 12.80c 11.08a 23211c 7671c 30.10e
vegetative growth 34.08¢
+grain filling 202.30a 4.328b 5.74a24.18ab 4.22a 34.65b 1545a 11.26a 28837b 10604b "~

Control 187.8b 3.212d 5.85a14.24c 3.33d 22.64c 12.06c 8.03b 21609c 8254c 30.66d
B 197.1a 4.078c 6.01a23.16b 4.19c 33.86b 15.14b 12.03a 30558b 10511b 34.12c
Zn 202.0a 4.272b 5.65a24.78a 4.27b 3538a 15.28b 12.22a 31463b 11299b 34.70b
B+Zn 201.0a 4.532a 5.97a25.18a 4.39a 36.24a 15.78a 1256a 33793a 12466a 35.28a

(LSD (y5051) Csldrjlos (s o0 B Jloi| b 50 (5,le] B sospo )l glite g > oy 0 50
Within each column, different letters denote significant differences at the 5% level (LSD test)
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Table 5. Mean comparison of some sweet corn traits in interaction effect of foliar spraying stage and
micronutrient type treatments

Stem Ear Ear  Number of Number Freashear Grain
Treatments diameter length diameter grains  ofrows yield extraction

(cm) (cm) (cm) perrow perear (kgha?) (%)
vegetative growth x Control 3.21ghi  14.3g 3.4%hi 23.6ij  12.4hijk 22312gh  29.8hi

vegetative growth xB 43le  258d 4.34e 365d  15.8def 30113ed  34.5e
vegetative growth xZn 487bcd 27.8bc 454cd  39.6bcd 16.2cde 32475cd  35.5cde
vegetative growth xB+Zn 512b  27.6bc 4.89a  403bc  17.6ab 33384c  35.7hcd
tasseling xControl 330fghi 148y 342ij  247hij  122ijk 20494hi  3l.1g
tasseling x B 347fgh  189ef 4.04f  284efg  149f 32712cd  35.2de
tasseling x Zn 352fg  195e 3.98f  298ef  134g 30391de  35.9bcd
tasseling « B+Zn 3.59f 204e  4.04f 30.1e 1359 33476c  36.7ab
veoeae growth +tasselig - sctoh 1589 339§ 220k 120k 23833fg  32.f
vegetative growth +tasseling

B 467cd 26.8cd 4.46de  395bcd  15.6ef 36992b  35.6bcde
vegerative grown +1asseliNggone  282abc 4lbc  416ab  170abc 38940b  36.4be
vegetative growth +tasseling

< B+Zn 5.51a 29.7a 4.67bc 43.9a 17.7a  43803a 37.8a
grain fillingx Control 3.18hi 1519 3.32 20.3k 12.1jk  18948i 28.7i
grain filling<B 337fgh  17.4f 356gh  26.4ghi 12.8ghij 23341y  30.4gh
grain filling<Zn 342fgh 189ef 3659 27.6efgh 13.1ghi 24277fg  30.6gh
grain filling xB+2Zn 3.38fgh 19.1e 3679 26.8fghi 13.2gh 26277f  30.7gh

vegetative growth +grain
filling xControl

vegetative growth +grain

3.02i 11.2h  3.05k 21.7jk 11.6k 22458gh  30.8gh

457de 26.9cd 4.54cd 385bcd 16.6cd 29634e 34.9de

filling x B

vegetative growth +grain

filling x Zn 466cd  29.5a 4.59bcd 383cd 16.7bcd 31234cde  35.1de
vegetative growth +grain

filling< B+Zn 5.06b  29.1ab 4.69b 40.1bc  16.9abc 32023cde 35.5cde

(LSD (y5051) ol Lo o duoyo 0 Loz s 5o Lol S saims )l gl gy oygim 4 40
Within each column, different letters denote significant differences at the 5% level (LSD test)
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