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Introduction

Maize 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 1], 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’ 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 development and 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, the 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

olo Months (Logrades) Lod (Sl Olsee E90ome 5x0he (oo Cagb) ke Sk e (ke
Average temperature (yoske) s (Aoy3) (e ske)
(C) Average total Average Average
(I Jslas evaporation rate relative precipitation
Max Min (mm) humidity (%) (mm)
o298 April 19.5 9.5 718 76 98.7
g )| May 25.2 15.8 115.9 77.5 27.2
RRES June 28.6 19.2 154.4 75.5 23.7
» July 314 22.2 169.4 755 59.4
2,0 August 335 22.6 193.9 73.5 6.7
smns  September 32 21.2 156.6 715 99.3
e October 25 14.8 775 76 104.2
U November 18.4 10.2 37.7 81 54
N December 12.4 1.8 22.9 76 58.3
@8 January 13.1 2.5 23.1 76.5 11.2
ke February 10.9 5.2 26 79 92.2
Lkl March 15.6 4.4 67.4 79.5 16.4

oo Average 2213 12.45 93.05 76.46 54.33
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Table 2- Physical and chemical properties of soil

Sk el o ke o8 Jos ol Sty jas Bopms pH EC Ges
Texture  Clay Silt Sand OrganicC O.M s P N dS/ Depth
Soil %) (%) (%) 2oy (%) K (ppm) (%) m
(ppm)
e —pg) 6 50 44 1.1 2.7 99 118 0.134 77 076 0-30
loam- silty
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Table 3- Bartlett test results
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height of  weight Dry of leaves weight of inflore  diameter diamet
the ear matter  Per plant maize scence to the er with
yield length  first node cover
P 0.4356 0.2976 0.4986 0.2368 0.3689 0.2359  0.4689  0.1326 0.1306  0.4309
chi-  0.00359  0.0067 0.6223 0.9359 0.2697 0.3256  0.1003  0.2359 0.8459  0.1135
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Table 4- Variance analysis of morphological, physiological traits and corn fodder performance
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(P) e b casls o, 2 95480.33™  16868.37"  41359.24™ 412158691.58™ 525.64™
planting date or place (P)
(o) 1,5 6 652.19 2.56 333.46 878.79 1.49
Replication (P)
(G) Glycine (y..ls 2 30005.57"  3875.08™ 9715.45™ 5201200.11" 62.16"
(M) Methanol Jgke 2 158.53™ 664.36™ 1477.69™ 928050.75" 18.38"
MxG 4 288.43™ 106.62" 226.90™ 109576.1" 0.31"™
GxP 4 1900.96™ 248.91™ 2727.02™ 1991546.8™ 8.10™
MxP 4 178.07" 33.28™ 345.68™ 322494.2™ 2.84
M xG xP 8 477.56™ 137.69™ 916.01™ 52089.1™ 0.38™
Error s 48 521.64 12.07 117.69 16760.7 0.32
CV. clpss cops 14.01 6.51 9.20 13.38 6.23

il 03 45 G20 NS g ol 0o 3 0 5V (sllas Jlainl b (6515 gine ) 0ly Cudy3 dpean
== Significant at 0.05 and 0.01 probability levels; ns: non-significant.
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125 G811, ol s 5o esg s 5 398 S > sy 5 el ol (s 8 b Slgiceo Jylin (il Jlons 13 53 53 5l
(Lixin et al., 2009; Bai et al., w5 JM slass 9 Sy oliwd (]38l Cogo 35 opualS 5,518 (Gout et al., 2000; Dorokhov et al., 2018)

2022)
P ondl S5 Jsb

2 Bl o)l (hiSany g doyd> gy g > Jlie g reals 51 o> G raw )3 BlS oyl 51 4 4 esaliie o3 IS Jsbo
L5 CpplS 5 8IS G sl e 31 (B Jpir) 55 s s oy S o 53 Sy > CuBlS ) 5 3 gy g 3 (el
o 3 cgio Blo TN clizo & 55 031 U5 oo psiie 5 35 5 3 U5 Ui Gl o ] e G131 5 cpnlS e o5 3
caily (058l olo jou s ¥ sl Fu )l j0 dald 4y Cawd duopd FOINY aS” Wi oanliie olo Do VO sl Fu)l o ) 3 p)S o ¥ S
2oy Yo Joilio 4 bgrye yio lo YAV flise & 5 cpd 5 Job oy yiiin 45w osnlie Jgilio ;5 codlS go,b blite <l gl j (8 Jgis)
Ay yd e Sl SO (A Jods) cadly joy et ¥ aubls Zu )l o dald 4y Coud (gduopd OF/F ]38l &S 39y 20 VO cdlS )b jo oo
kol aigs dlazel )3 a8 ol ond LS5 (o0bj ladsdin 5 3l S5 S ey e Ll 18l cov o ol 5wl S5 Job @3
3)8 a8 W i)l Lwly e ,> (Bortiri and Hake, 2007) .8 o ) )5 Slidled,5 )3 oge i a5 )b )5 o sl claasli o

(Baietal., 2022) us <> 3 Sos iul8l g 5,Sdae ]38 Conw wlS lawgy b oj5eps wldo g jawgd il b opoudS
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Table 5- Variance analysis of some characteristics

Sy ot &l 4 Mean squares cile,e nSike
S.0.V df
Fodl g5 Jsb Jglo)S b el s Dol Gl b P jlad - P Sas
Male Stem diameter &gy Ear diameter ~ Dry weight
inflorescence to the first Number with cover of ear
length node of cob in
plants
(P) ol b cusls gu)ls 2 1220.26™ 17.47 10.97™ 135.05" 37838.75™
planting date or
place (P)

(0150) 5 6 1.16 0.019 0.54 0.25 462.36



Replication (P)

(G) Glycine s 2 179.84" 4.42™ 3.98" 12.27 9721.15™
(M) Methanol gtz 2 36.90" 5.27™ 4.46" 1.31" 917.77™
MxG 4 3.23™ 0.02™ 0.04" 0.01™ 291.89™
GxP 4 12.63" 0.020™ 0.22m 0.39™ 4468.19™
M x P 4 3.12" 0.042" 0.09™ 0.18™ 241.27™
M xG xP 8 1.83™ 0.01m™ 0.02" 0.067™ 230.2™
Error s 48 0.41 0.45 2.24 0.056 286.54
CV. clpss cops 9.38 6.93 12.45 7.14 12.61
Al ged HI e NS g cul ao 3 8 9V (sllad Jlaisl b (g )b cxe [ Solo o5 dpseasese
== Significant at 0.05 and 0.01 probability levels; ns: non-significant.
Jgl 6,5 U a8l ,had

DL Sa31S 5 slafod gl 5 (B Jyin) 2 facsine gl 0,5 5 i 22y3 S s 39 e 5 pmlS 4305 055

P o ¥ penddS 205y 50 ¥ il oyl pewnlie yio il YIAD o Sl Y/OF polio b cuiy & olo 3 p0 V0 5 YO cuslS 5ol as” 2l
15 ya il W1o8 Jgl 0,5 b abl b ialdl Gy oz doyd Yo Jsilio 3,1 5 15 Jol 0,5 b ables b y2l33] casus «yzo ol YV 12
8 (ol e 0lS )3 0y S e slas Sl izman g 23y (slagygeygn GRIFIL ol (Y Jgia) 29 Jilie slajless ple 5l 5590
JGsl il o Jelw (wilws e Gruwgd (ili8l s 4 S G e (Gout et al., 2000; Dorokhov et al., 2018) wi ol 0,5 b a8l

(Shemi etal., 2021; Bai et al., 2022) 1 alw ,lad iul38l Comw olS 53 (g3 3lgo

axdlls 3590 Oloo Ay g CrmmndlS 9 CudlS 2oy Jolio Ol 51 Sl dug e - Jgus
Table 6- Mean comparison of interaction effects of planting date and glycine on some characteristics

b los ol i)l L ) Sy dlas » ol U5 Jsb Dy M Sz 5
Treatments Plant Number of Male Dry weight of cob
il oy CelS height leaves in plant  inflorescence in plant (g)
Planting date Glycine (cm) length (cm)
2020.8.6 2 ppm 182.68% 182 46.18° 337.17
1 ppm 168.49° 14¢ 41.39° 253.2°
Control 145.97¢ 16° 36.35¢ 191.5¢
2020.8.16 2 ppm 175.56° 182 40.75° 301°
1 ppm 145.66° 14¢ 37.07° 275.4%
Control 145.53¢ 12¢ 35.68° 209.1¢
2020.8.26 2 ppm 115.48« 10¢ 37.4¢ 126.8°
1 ppm 110.244 8.5f 32.85¢ 122.5°
Control 94.32° 79 27.93¢ 79.6f

(2oyd iz sl Jleanl b oSSl y905T) a5 jixe gl 188 S ynie gy syl slacpSila oygian y 5
Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

axllao 390 Olhio (A 5 (1Sl du o -V Joua

Table 7- Mean comparison of some characteristics

o )lows

Jsl 0,5 b abls la

Goy yb yd I e
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Treatments Stem diameter to  Number of cob  Ear diameter with cover

the first node in plants (cm)
(cm)
cls go,ls

Planting date
2020.8. 6 2.542 2.5 7.5
2020.8.16 2.85% 2.332 7.8
2020.8.26 1.36° 1° 4.5

oS Glycine
2 ppm 3.142 22 7.702
1 ppm 2.67° 22 6.30°
Control 2.58° 1P 4.66°

Jyke Methanol
20% viv 3.092 2.5 7.5
10% viv 2.45P 22 7.332
Control 2.34° 1° 5.5

(303 iy sl Jleanl b (4SSl y905T) a3 gixe gl 288 S jnite gy syl slopSilie (ygia y 5
Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

S abgle 3 Slos g 4Bl Suid (359 Mo Sl Jowo U5 32 Jgilho 5 ol (B 1,6 oo 151 -A Jgu
Table 8- The interaction of planting date, glycine and methanol on the height of the ear formation, stem dry weight
and dry matter yield

BE S K R R P ey ERRRE W
Planting date Glycine Methanol I Stem dry Sz
Height of the weight Dry matter
ear formation (g.m?) yield

(cm) (kg.ha?)
2 ppm 20% viv 107.42 315.212 19415.592
10% v/v 101.8% 275.64° 17091.53°
Control 98.4° 262.86° 17069.41°

20% v/v 91.5%¢ 218.28 15199.8%
2020.8. 6 1 ppm 10% viv 89.6% 227.64° 16875.74b
Control 88.50¢ 181.65¢ 13853.62°¢

20% viv 90.5b¢ 180.36¢ 12628.8°
Control 10% viv 89.50° 179.17¢ 11805.74°
Control 79.32° 175.65¢ 10283.62%
20% viv 98.5° 239.34¢ 16132.15%
2 ppm 10% v/v 96.2° 211.95¢ 13066.39°¢
Control 95.2° 196.61¢ 12435.66°
20% viv 89.3b¢ 149.24f 11916.35°¢

2020.8.16 1 ppm 10% viv 85.5° 135.04" 11350.6°
Control 83.2° 118.27f¢ 9719.87¢

20% viv 81.8° 87.619 9856.36¢

Control 10% viv 78.6° 81.979 8280.6¢

Control 71.5¢ 89.129 7149.87¢

20% viv 72.5° 101.279 6884.39¢

2 ppm 10% v/v 70.3¢ 99.559 5806.32¢

Control 63.5 91.459 4855.87¢

20% vlv 62.1f 92.249 4562.91°



2020.8.26 1 ppm 10% viv 57.4f 62.33" 4484.84°

Control 57.3f 61.11" 3534.39f

20% viv 51.29 58.65" 3497.27f

Control 10% viv 45.5h 57.12h 3519.20f
Control 40,3 36.181 2568.769

(2oyd gy sl Jloanl b oSSl y9051) a3 gixe gl 188 S jnie gy syl slocpSile (gt , 5
Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

JW dlaxs
olo 3550 YO 30 cudlS b (0 Jouo) b Jb dme I dliw oy i e 50 Jgibio g S oy SO e jd cuslS Fuyl ]
l I ahass eyt (Y p3lie b yid o p)S oV g il o p)S e ¥ omdS 09 SO 3lasd i (sl VINY 9 V/0 sl b a5 4
OomndS (Y Jgdn) i sald 4y Cund (MY 5 V/0 polie b i 5 a0 M olawd iuli8l el o doyd Ve g a0 3 Vo Jgilio B e g aiily
—d o da gl ged GIEl 4 e bagnigy Gleitle bis g olewdl (LS Cunlad bis (onl @il g s 3)b I ol
(Korkmaz et al., 2012) 553 o0 I piwsmwsid 3 (ca3s5Ms slis slo oy g byl culled jl cladlows «yg Sl WS g ¢y2)S dunsS ]
L5 ile gy ) pl ol Gl s ) G g A8y Sy Slaggeser Rl Uy 4 Jglie 205 a5 canl oad (515 (prinren

(Khamer et al., 2018)

P endl U5 Job g digs 3 S 2lasi y Jilie g Coils )b Jallie 151 -4 Jgo
Table 9- The interaction of planting date and methanol on the number of leaves in plant and male inflorescence

length
b jlos Wy 5> Sy 2 Fodl 5 b
Treatments Number of Male
sl gl Joilia leaves in plant  inflorescence
Planting date  Methanol length (cm)
20% vliv 182 48.11°
2020.8.6
10% viv 13P 45.17°
Control 13P 38.5¢
20% viv 172 42.56°
2020.8.16
10% viv 14b 39.92¢d
Control 11¢ 37.46¢
20% v/iv gd 40.3%
2020.8.26
10% viv 7¢ 34.66°
Control 7¢ 30.76f

(3> s sl Jlassl b Sl yg0)l) s I ime gl 28 S yniia By y> (sl slo 3y, Silio ygiaw 5o 5
Means in a column and a treatment followed by the same letter are not significantly different at 5% level.
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e oy LI 2y p)S e ¥ Gl didgr (g b IV plaB i SIS e g8l VIA 5 e il VB j0lie b o ey 31550 YO
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(Shemi etal., 2021) sl oais i Loyl ys
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(Hussain et al., 2022) aib o 4l 4 a8l ! Sase dlge 5 el jlngs S lime (idlS o (g A3,
S Sy U Gl GDD

2 5 wgemdi 4o )0 YPOYIVY 2y YO sl gu,b )3 ¢ wamudis do )3 WYF/F0 513,030 cidlS fu )b o (Suw) b cusls’ GDD asbe

olS oy ]y of cle oS cdl Lials @) cuiS p3 3L L GDD e psls asdllas )3 g wgmadis 43 )3 VOYF/OA jg 0 ¥ cuslS 5o s
Olej 53 ol cutS” (By & sl (pl e SCuB Zu)b )3 A o) x> pu Cle op Flaenly jIcuils Lopw b olS 42lge 5 55y Jobo
Olos 33 48y Jolye g WS (o €8l (gelisS ploj e p3 by Jole Sl oy )3 1) 33 5l 3j90 > s hawgie g plol Cuslie
ol 51 Sasm 33 1) 395 3l 3050 )l oS 45 39 0 s ol CublS )3 3L Sl 9 935 oo (S S gllan Dyl 420 b g caslic
423 olS ploilyws g ably tlS lon 5 ol acluwsl byl b 2)55 5 > & 0y olje 51 S0 pm 5 0,8 €8l (g5 5Ysb (loj e )3 (543

(Hussain et al., 2022) xS o5 <l )d 4 090 Jsb plosl (gly 1) cawlio A3 39,

IS 5 dos



ORI g a5 (SSeleied 9 (Seigleire Clio 5 5 Sles dee cage (lS 5 Jpilie 2 )8 &5 0l Gl raghy ol I el gl

9 OmelS 2,)8 S b A )3 (IS jebo a8l Sl iy cnl )3 addllas )90 Slho oyl cald (RIBIL (pioren 9 Joike clale
Olg e & A J 3,Slos ialS o (WWAA/F/YF) sladgle @)d cuis o )pl; dol W yidgh cpl pd adllas 350 Slaw ]38l canw Jgilio
b ool g Jgplie 2,208 095 ol 3350 V0 (glabgle )5 cutS' (gl cudlS o)l it g ol oy Jgb (il g Lo Juad g9 I, o e
meo ¥ pdS 5 ez o3 Ve 35 48 g0k L (AYAR/D/YA) jo (gldsle b)) cuils Al Gl sl e Ol halS Coge (350

Olpiee a5 amd Ll cutS o)l e 3 Aald 4 Cund Juo > VA ) ddgle i 5 Slas Cunilys ((VWAR/E/F) plSin o5 cuiS o il )5
cutS ) o3b olls il clabgle @3 3Shes SR el cully ey plS 5 Jsibie Lawsi obS iy ey (I3l 1y o e
e Lol ol dlei lijlo alie wosbye lgn 5 Ol Gblie 3 1) 52 3 p)S ke ¥ oS 5 (o> 203 Ve Jsilie 3,08 oo plSin

ool Sl JB 5 S 9 Jilie yidin slacdale (5385 (o)

References

1. Ahmed, N., Zhang, Y., Li, K., Zhou, Y., Zhang, M., & Li, Z. (2019). Exogenous application of glycine betaine
improved water use efficiency in winter wheat (Triticum aestivum L.) via modulating photosynthetic efficiency
and antioxidative capacity under conventional and limited irrigation conditions. The Crop Journal, 7(5), 635-650.

2. Ali, S, Abbas, Z., Seleiman, M.F. Rizwan, M., Yavas, |., Alhammad, B.A., Shami, A., Hasanuzzaman, M., &
Kalderis, D. (2020). Glycine betaine accumulation, significance and interests for heavy metal tolerance in plants.
Plants, 9(7), 896-911.

3. Bai, M., Zeng, W., Chen, F., Ji, X., Zhuang, Z., Jin, B., Wang, J., Jia, L., & Peng, Y. (2022). Transcriptase
expression profiles reveal response mechanisms to drought and drought-stress mitigation mechanisms by
exogenous glycine betaine in maize. Biotechnology letters journal, 44, 367-386.

4. Bortiri, E., Hake, S. (2007). Flowering and determinacy in maize, Journal of Experimental Botany. 58(5): 909—
916. https://doi.org/10.1093/jxb/erm015

5. Cao, Q., Li, G, Yang, F., Jiang, X., Diallo, L., Zhang, E., Kong, F. (2019). Maize yield, biomass and grain quality
traits responses to delayed sowing date and genotypes in rain-fed condition. Emirates Journal of Food and
Agriculture, 31(6), 415-425.

6. Dorokhov, Y.L., Sheshukova, E.V., & Komarova, T.V. (2018). Methanol in plant life. Frontiers in Plant Science,
9, 1623-1641.

7. Downie, A., Miyazaki, S., Bohnert, H., John, P., Coleman, J., Parry, M., & Haslam, R. (2004). Expression
profiling of the response of arabidopsis thaliana to methanol stimulation. Phytochemistry, 65, 2305-2316.

8. Gout, E., Aubert, S., Bligny, R., Rebeille, F., Nonomura, A.R., Benson, A.A., & Douce, R. (2000). Metabolism of
methanol in plant cells. Carbon-13 nuclear magnetic resonance studies. Plant Physiology, 123(1), 87-96.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gupta, N., & Thind, S. (2017). Grain yield response of drought stressed wheat to foliar application of glycine
betaine. Indian Journal of Agricultural Research, 51(3), 287-291.

Hamani, A.K.M., Chen, J., Soothar, M.K., Wang, G., Shen, X., Gao, Y., & Qiu, R. (2021). Application of
Exogenous Protectants Mitigates Salt-Induced Na+ Toxicity and Sustains Cotton (Gossypium hirsutum L.)
Seedling Growth: Comparison of Glycine Betaine and Salicylic Acid. Plants, 10(2), 380-395.

Hanson, A.D., & Roje, S. (2001). One-carbon metabolism in higher plants. Annual Review of Plant Physiology and
Plant Molecular Biology, 52, 119-37.

Haghigi, P., Habibi, D., Mozafari, H., Thani, B., Sadeghi Shua, M. (2020). Study of the effect of methanol and
amino acid glycine spraying on yield and some physiological traits in different fodder beet cultivars. Sugar Beet
Journal, 36(2): 185-201. (in Persian)

Hussain, N., Hussain, A., Anwar Bhat, M., Aliwani, O., Ahmad, T., Mir, A.H., Jelani, F., Kauser, S., Sheikh, T., &
Fatima, N. (2022). Effect of Establishment methods, planting dates and Hybrids on phenology and yield of Sweet
corn (Zea mays saccharata L) under temperate conditions. The Pharma Innovation Journal, 11(4), 626-629.

Kalantar Ahmadi, S.A., & Daneshian, J. (2019). The effect of foliar spraying with ascorbic acid, salicylic acid and
methanol on the physiological characteristics and the reduction of late planting damage of rapeseed. Journal of
Crops Improvement, 23(2), 392-377. (in Persian)

Khalily, M., Moghaddam, M., Kanouni, H., & Asheri, E. (2010). Dissection of drought stress as a grain production
constraint of maize in Iran. Asian Journal of Crop Science, 2(2), 60-69.

Khamer, M., Mobasr, H.R., & Kikhani, S. (2018). Investigating the effect of time and different levels of methanol
spraying on the yield and yield components of mung bean plant (Vigna radiate). Agricultural research in the
desert margin, 15(2), 83-91.

Liagat, W., Akmal, M., & Ali, J. (2018). Sowing date effect on production of high yielding maize varieties Sarhad.
Journal of Agriculture, 34(1), 102-113.

Lixin, Z., ShengXiu, L., & ZongSuo, L. (2009). Differential plant growth and osmotic effects of two maize (Zea
mays L.) cultivars to exogenous glycine betaine application under drought stress. Plant Growth Regular, 58, 297—
305.

Long, N.V., Assefa, Y., Schwalbert, R., & Ciampitti, I.A. (2017). Maize yield and planting date relationship: A
synthesis-analysis for US high-yielding contest-winner and field research data. Frontiers in Plant Science, 8, 16-
21.

Mahmoud Soltani, S., Hosseini Chaleshtori, M., Tajaddodi Talab Rashti, K., Shukri Vahad, H., & Shakouri
Katigeri, M. (2022). Effect of glycine amino acid chelated zinc and iron on yield, and macro and micronutrient
contents of rice aerial tissues. Iranian Journal of Soil and Water Research, 53(4), 763-776. (in Persian)

Nazeri, P., Shirani Rad, A.H., Valad Abadi, S.A. Mirakhori, M., & Hadidi Masoule, E. (2018). Effect of sowing
dates and late season water deficit stress on quantitative and qualitative traits of canola cultivars. Outlook
Agriculture, 47(4), 291-297.

Paknejad, F., Mirakhori, M., Al-Ahmadi, M.J., Tookalo, M.R., Pazoki, A.R., & Nazeri, P. (2009). Physiological
response of Soybean (Glycine max) to foliar application of methanol under different soil moistures. American
Journal of Agricultural & Biological Science, 4, 311-318.

Plett, S. (1992). Comparison of seasonal thermal indices for measurement for measurement of corn maturity in a
Prairie environment. Canadian Journal of Plant Science. 72, 1157-1162.



24. Shemi, R., Wang, R., Gheith, M.S., Athar Hussain, H., Hussain, S., Irfan, M., Cholidah, L., Zhang, K., Zhang, S.,
& Wang. L. (2021). Effects of salicylic acid, zinc and glycine betaine on morpho-physiological growth and yield
of maize under drought stress. Scientific Reports, 28(3), 1-12.

25. Zhou, B., Yue, Y., Sun, X., Ding, Z., Ma, W., Zhao, M. (2017). Maize kernel weight responses to sowing date-
associated variation in weather conditions. The Crop Journal, 5(1), 43-51.



