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Introduction

Maize (Zea mays L.) is considered as one of the best forage crops due to its adaptability to various climatic
conditions, as well as its production of suitable forage per unit area, high quality of silage, and high absorbability
in livestock. Suitable planting date is one of the important factors in determining the yield potential of crops
especially in maize, and also the use of methanol and glycine spraying increased plant growth, especially in
delayed crops. For this purpose, this study was conducted to investigate the effect of methanol, glycine, and their
interaction on three different planting dates on maize in Simorgh city, Mazandaran, Iran. The purpose of this
study was to investigate the performance of methanol and glycine on delayed planting dates and whether or not
foliar spraying of these compounds can reduce the negative effects of late planting in maize.

Materials and Methods

This study was carried out as a factorial in the form of randomized complete block design with three
replications at three separate fields in the promotional research farm of Jihad Agricultural Center, Simorgh city,
Mazandaran province, on fodder maize as the second crop after rice harvest during summer and autumn of 2020.
The maize hybrid used was Single Cross 201. The treatments were composed of glycine at three levels: [0
(control), 1 and 2 mg I'*], methanol at three levels: [0 (control), 10 and 20% v/v], and three planting dates:
[August 6, 16 and 27]. Foliar spraying of maize plants with methanol and glycine solutions was performed in
three times during the growing season, including the 4-6 leaf stage, 8-10 leaf stage and before tassel emergence
stage, at time of 9-11 am.

Results and Discussion

The results of this study showed that the highest values of dry matter yield of maize fodder was 1944.59 kg
ha that related to the interaction treatments of methanol 20 % spraying and glycine 2 ppm spraying in planting
date of 6.8.2020. Use of methanol and glycine spraying and also the increasing of their concentration increased
the yield and physiological and morphological characteristics of fodder maize. Delay in maize cultivation
(27/8/2020) reduced its yield and physiological and morphological characteristics. The highest amount of dry
fodder yield 19415.59 kg ha* was related to the interaction effects of methanol 20% v/v and glycine 2 mg I on
the planting date of August 6 and the lowest dry fodder yield was related to the control treatment 2568.76 kg ha*
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on August 27. The use of methanol and glycine partially reduced the negative effects of the delayed maize
planting. Determining the appropriate planting date for crops is of particular importance because it affects the
traits and various stages of growth and developmentand optimizes the efficiency of using environmental factors
affecting yield. Delaying maize planting reduces the yield, which is due to a shortening of the vegetative growth
period and a decrease in the amount of carbohydrates and minerals transferred to the grain. Methanol increases
plant performance by affecting various metabolic pathways such as growth and development and activating
genes involved in jasmonic acid biosynthesis and plant defense mechanisms. The use of glycine has increased
ear yield due to the production of amino acids during nitrogen metabolism.

Conclusion

Methanol and glycine application reduced the negative effects of delayed planting of forage maize on August
27. The application of methanol 20% v/v and glycine 2 mg L™ on August 27 was able to increase the dry yield of
forage by 168% compared to the control on the same planting date, which can be attributed to the increase in
plant growth rate by methanol and glycine. Therefore, to increase the yield of forage corn and reduce losses due
to late planting, application of 20% by volume methanol and 2 mg L"* glycine can be recommended in humid
climate areas similar to Mazandaran. However, for a more detailed study, higher concentrations of methanol and
glycine can also be recommended.
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Table 1- Meteorological information in 2020
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Average
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Table 4- Variance analysis of morphological, physiological traits and corn fodder performance
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»lw s (Gout et al., 2000) s5-5 0 oLuS 3 Slos 5058
L ,Shas il 3l s Joilio 3,8 a5 sl )] ;5L @l
(Paknejad et al., >4 Liwlyor bl Gingin pls b &S 0
Mahmoud Soltani et al., ) o)L 5 Sllabs 350 .2009)
=S sbee )3 g 3y Shos Slas 45 s )l (2022
4 Cud & 1ol Csd & S0 )3 9SS /0 ety DS
CuiS &S W060,S o )liS late ple bl (il as s YA sals
5,8des JialS Coge olS a3y g Sjales 3 b Loy sl

codh ccdllas y bl Gimgio | Jols golo b aS 298 0 yd
(Long et al., 2017)

gy yo Sy alaas
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5 3 3 S o ¥ plS Gpne o8 sl o Sy el
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3o )3 VOV 5 i olo 31350 YO 5 V0 CullS o)l 93 1> Sy VA
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My YO 5 VO lacsls Fu,l 0 a0 Sy ol Lilial
Cas 3o )3 VEV/AD ¢ VAN § 5 WV 5 VA polie b s iy
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g2 5> S ol Gl carge Ay slagygergn SRl (pizxen
2 S 3B el Gl 5t b W5 e Jglie (8L oo 3
(Gout et uad [il58l 1y olS Jled 5tuwgid 0)9 Jobo 5 4u5 Sy
50 b sdS 34,8 alL, 2000; Dorokhov et al., 2018)
(Lixin et al., 2009; Bai etal., s JM ¢ Sy olw il5l
2022)
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Table 5- Variance analysis of some characteristics

. e _
Oyt 2l i ©la e (ke
S.0.V ‘sgf’ Mean of squares
. 2 e x . W dlaxs . e
5 odls Job 05 U adlw ,ha3 J 5 LN ,k3 SWS (939
Male Jo! £ Dby I
inflorescence  Stem diameter c’::cucr;f ?r: Ear diameter  Dry weight
length to the first node with cover of ear
plants
(P) oo b S o,
P|anting date or p|ace 2 1220.26™ 17.47 10.97" 135.05" 37838.75™
(P)
(Olfiﬁ) f"s 6 1.16 0.019 0.54 0.25 462.36
Replication (P)
© i 179.84" 442" 3.98" 12.27™ 9721.15™
Glycine (G)
J7te 2 36.90" 5.27" 4.46" 1.31" 917.77™
Methanol (M)
Mx G 4 3.23™ 0.02m 0.04m 0.01m™ 291.89"
GxP 4 12.63" 0.020" 0.22m 0.39™ 4468.19™
M P 4 3.12" 0.042"s 0.09™ 0.18™ 241.27™
MxGxP 8 1.83m 0.01m™ 0.02m 0.067" 230.2"
Error s 48 0.41 0.45 2.24 0.056 286.54
e 9.3 6.9 12.4 71 126
CcV

bl s o gime NS g Cuwl bopd iy 9 S glad Jlainl b gyl sze Sy coi iy &
*, **: Significant at 0.05 and 0.01 probability levels; ns: non-significant.

(Gout et al., 2000; Dorokhov et al., a3 J5ls,5 L5 bl
9 Jobo iy cimgid GiliEl Jdod) ppandlS By 2018)

30,5 a8l ydad yol5 8l G olS 50 (gdie Dlge JlI i)s8l
(Shemi et al., 2021; Bai et al., 2022)
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Js) 0,8 15 diloy yha
Fhd  opd G aw 3 Jplie 5 pelS (B )b 1

&b byl dunlie gl (B Jouo) 45 )l gtae Jol 0,5 b Bl
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(Korkmaz et g o 1l piuauwsid ;3 (605655 slie slo oy Y o V/0 polio b s oy M dlasw iuli8l cely oz o pd V-
Jadosass Joiloo 5,8 oS cawl oas 45155 peizmen al., 2012) ol cpmalS (Y Jods) 20 55 sz ol &y o &S 05 M

(Khamer et al., 2018) . jolo a5 55 pls —d i L L8g,lS xezd i3l 4 porie b pigy oyleid o

axfllo 3,90 Clio (S (69 S 9 CudlS o )T lilio Ol 1 u&ile dunslio —F oo
Table 6- Mean comparison of interaction effects of planting date and glycine on some characteristics

B, los
Tr’“ oS glis . e . .
eatments gy 40 S g dlans P odUS Jsgb Agr 0 PSS 39
Cudls & ,U lE :;%r;:t Number of leaves in Male inflorescence length Dry weight of cob in plant
Planting GI;/ c;ne (cm) plant (cm) ()]
date
e 2 ppm 182.68% 18 46.18° 337.12
1 ppm 168.49° 14¢ 41.39 253.2¢
202086  control 14597 16b 36.35° 191.5¢
RSP, 2 ppm 175.56b 18 40.75b 301b
1 ppm 145.66° 14¢ 37.07¢ 275.4b¢
2020816 control 14553 12d 35.68° 209.1¢
R 2 ppm 115.48¢ 108 37.4¢ 126.8¢
1 ppm 110.24¢ 8.5 32.85¢ 122.5¢
2020.8.26  coprol 94.32¢ 79 27.93¢ 79.61

(dopd gy slbs Jloinl b oS3y (g05) ditads o ime coglts B8 S jiio gy (il (i Silio ¢y p p> 3
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

axdllao 3)90 Glio I (& 1 (il duglio - Jgaa
Table 7- Mean comparison of some characteristics

Lo Stem d?;:ﬂt;f tftl:ei‘lia:st node st g2 3 Sl Ear d;arr:itl;;) vﬁc‘i!tlk:b:over
Treatments Number of cob in plants
(cm) (cm)
el g6
Planting date
‘2‘;'2'(/) ‘”é ‘g 2545 258 7.58
2‘2;;)/ ‘;/ ;‘”6 2852 2338 7.8°
NGO 1.360 1 4,50
2020.8.26
Glycine
2 ppm 3.142 28 7.708
1 ppm 2.67° 22 6.30°
aald 2,58 1° 4.66°
Control
s
Methanol
20% viv 3.092 2.52 7.52
10% viv 2.45° 22 7.332
aald 2.34° 1° 5.5
Control

(doyd gy slad Jloinl b (Sild (yg05) dictds o ime cglds S8 S jiio g (gl (glaypuSilie ¢ ygiw po p0
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.
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Table 8- The interaction of planting date, glycine and methanol on the height of the ear formation, stem dry weight and dry

matter yield
Gl ol ol o I LS5 Joo g5 WBlw Suis 39 Swis adgle 3, Slas
2 ¢r--'5n ’ ¥ . . . .
Planting date  Glycine Methanol Height of the ear formation  Stem dry weight  Dry matter yield
(cm) (gm?) (kg.na™)
20% viv 107.4%" 315.212 19415.59°
10% viv 101.8% 275.64P 17091.53
2 ppm Al
98.4 262.86° 17069.41°
Control
20% viv 91.50¢ 218.28 15199.8¢
TINIYS . 10% viv 89.6 227.64¢ 16875.74°
ppm
2020.8.6 . 8.5 181.65° 13853.62
Control
20% viv 90.50 180.36¢ 12628.8°¢
1wls 10% viv 89.50¢ 179.17¢ 11805.74¢
Control  »t3 79.32¢ 175.65¢ 10283.62
Control
20% viv 98.5 239.34¢ 16132.15"
10% viv 96.2 211.95% 13066.39°
2 ppm als
95,2 196.61¢ 12435.66°
Control
20% viv 89.3b¢ 149.24 11916.35¢
TN 1 pom 10% viv 85.5¢ 135.04f 11350.6°
2020.8.16 el 83.2¢ 118.27f9 9719.87¢
Control
20% viv 81.8° 87.61¢ 9856.36
wls 10% viv 78.6° 81.97¢ 8280.6¢
Control el 7150 89.129 7149.87¢
Control
20% v/v 72.5° 101.27¢ 6884.39¢
10% viv 70.3¢ 99.55¢ 5806.32¢
2 ppm Jals
63.5° 91.45¢ 4855.87¢
Control
20% viv 62.17 92.249 4562.91°
VE. L J5/E 1 ppm 10% viv 57.41 62.33" 4484.84°
2020.8.26 el 57.3f 61.11" 3534,39"
Control
20% viv 51.29 58.65" 3497.27°
wls 10% viv 45.5h 57.12" 3519.20
Control el 40.3 36.18 2568.769
Control

(dopd gy slas Sl b S5l (yg0]) St o ime oglis 35 S o g (sl (slocySilie ¢ygium yo 40 %
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

48 2 i Bl VITY g o il VIB y0lio b oty Sidey L
& a5 )1 Ly e )3V Jgia) 392 I3 gime sl 4y s
A5 1518 a8l B ul33] s (o 203 V+) i 3,08
g cdeds S 5,08 (Kalantar & Daneshian, 2021)

I 3l g B 133l e ge (g el (b 5 digsli]
(Shemi et al., 2021) cuwl o 35 baylys y

ohligy b Sy jl3
2 Ol 33l g do ) oy w3 Jgilie 9 Bl )b 51
G (0 Jgaz) 38 )l dne g b S jlad o )> S
=Bl YIA 5 yio il YO y30lie b cudpds dldy0 YO 9 V0 CuilS
Pk ¥ Ol dg g b M Jlad gy gl i
999 yia Bl VIV tudgy b M jlad jlada oy it (sl s
I slad aljdl el (oo bop3 Ve g o3 Ve Jgilie Bpae
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Table 9- The interaction of planting date and methanol on the number of leaves in plant and male inflorescence length

Lo
Treatments

Cudls &b Jgilio
Planting date  Methanol

W gD Sy dlaad
Number of leaves in plant  Male inflorescence length (cm)

Pl Job

20% viv 182"
\F- - /0/V0 10% v/v 13b
2020.8.6 Aals 135
Control
20% viv 172
AERVIVALA 10% v/v 14b
2020.8.16 Jals 11¢
Control
20% viv od
\E. I8 10% v/v 7¢
2020.8.26 s 2
Control

48.112
45.17°

38.5¢

42.56°
39.92¢

37.46¢

40.3%
34.66°

30.76

(dopd gy slbs Jloinl b oS3y (yg05) ditads I sime coglas S8 S jiio gy (il (loy puSilio ¢ yginw p p> 3
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

S 5 33,5 (0 S G Sslhe Gl a2 by Gl
11y 295 s 3,90 oyl y> oLS &S 305 o o olS 3l (5 8k
509, C8byd 65 Yok (loj e 3 iy Jole Sl Su
lomgol bl Lol b oyss st 43 Jolye jl S pa
plasl slim |) Gslio 0 o) @23 olS plonilus g Bl ials

(Hussain et al., 2022) 15" o5 cdlys w090 Job

S 5 4o
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)b (0 Jgin) 290 JM SitS (459 0 do > SO w3 550
ORI L plg oS clale (o138 ioman 5 plRig; cllS
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