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Introduction

Forage sorghum (Sorghum bicolor (L.) Moench), a drought-tolerant C4 crop, is increasingly vital for sustainable
livestock feed production in arid and semi-arid regions like Iran, where climate change and water scarcity threaten
agricultural productivity. Despite its resilience, the limited availability of high-quality seeds hampers its widespread
adoption. Plant growth regulators (PGRs), such as Medax Top (containing mepiquat chloride and prohexadione calcium),
offer a promising approach to enhance grain yield and seed quality by modulating plant growth and assimilate allocation.
This study aimed to evaluate the effects of Medax Top foliar application on grain yield, seed quality, and physiological
traits of two open-pollinated forage sorghum cultivars under water-limited conditions, providing insights into optimizing

seed production for sustainable agriculture.

Materials and Methods

A two-year field experiment (2023-2024) was conducted at the Seed and Plant Improvement Institute, Karaj, Iran,
using a factorial split-plot of treatment arrangement in complete randomized block design with three replications. Main
plots comprised factorial combination of Medax Top doses (0, 0.5, 1, and 2 L ha'!) and application timings (3-4 and 6-8
leaf stages), while subplots included two sorghum cultivars (Mansour and Behesht). The trial was established in a semi-
arid climate (265 mm annual rainfall, 14°C mean temperature) with drip irrigation. Measured traits included leaf SPAD-
value, leaf area index (LAI), grain yield, seed germination percentage, grain starch, total carbohydrates, soluble sugars,
and forage yield. Data were analyzed using SAS 9.1, with means compared via LSD’s test (P < 0.05) after confirming

variance homogeneity across years.

Results and Discussion

Medax Top application significantly influenced physiological and agronomic traits. As the application rate of
Medax Top increased, leaf SPAD -value, grain yield, grain starch content, carbohydrates, soluble sugars and seed
germination percentage significantly increased. However, these positive changes were accompanied by a reduction in
LAl and forage yield. Foliar application at the 3-4 leaf stage, compared to the 6-8 leaf stage, significantly increased starch

content and grain yield while decreasing forage yield. Application at the 3-4 leaf stage yielded higher grain production
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(2976 kg hal) than the 6-8 leaf stage (2723 kg ha), likely due to reduced competition between vegetative and
reproductive sinks in early development duration. The 2 L ha* of Medax Top maximized grain yield and germination
percentage, alongside enhancing SPAD-value and carbohydrate content, reflecting improved photosynthetic efficiency
and assimilate storage. However, forage yield decreased by 34% at this dose, indicating a shift in resource allocation from
vegetative to reproductive growth. The Mansour cultivar demonstrated significant superiority over the Behesht in terms
of starch content, carbohydrates, soluble sugars, and forage yield, showcasing superior genetic potential. The maximum
grain soluble sugar content (6.88%) was observed in the Mansour cultivar with a ModaxTop application rate of 2 L ha*
in the first year, while the highest grain yield (4542 kg ha) was achieved in the same cultivar with a dose of 1 L hain

the second year. Lower doses (0.5-1 L ha?) better supported forage production, balancing vegetative biomass retention.

Conclusion

This study demonstrates that Medax Top foliar application effectively enhances grain yield and seed quality in
open-pollinated forage sorghum cultivars, with the 2 L ha dose applied at the 3-4 leaf stage being optimal for seed
production, particularly in the Mansour cultivar. For forage-focused systems, lower doses are recommended to minimize
biomass loss. Overall, a Medax Top foliar application at 2 L ha™* is recommended for producing seeds of appropriate
quantity and quality, while a 1 L ha™* dose is advisable for simultaneous seed and forage production. These findings
underscore the potential of plant growth regulators in tailoring sorghum cultivation to specific goals—seed or forage—in

water-scarce regions, contributing to agricultural resilience and food security.
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Table 2. Monthly mean air temperature and total precipitation during the experimental period

(01,8 5L) Lod (eibo (o sh) (50,0
Month Average temperature °C Precipitation (mm)
2023 2024 2023 2024
June 25.0 22.4 13 11
July 26.6 249
August 26.4 25.0
September 20.2 20.0 0 28
October 13.8 12.7 27 23
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Table 2- Combined analysis of variance for the studied traits in forage sorghum as affected by year, dose and time of application of Medax Top, and cultivar

T L s (g5 4Bls) dgle 5,Sdas
st “@» oasle ahes f’“& &> dwlls ggiome Al B g S JS ¢ e FRUBIESL Y PENRW RN 4l >, Slos ’ ) _’Lc ’
Oyt @alio . - e . . Jole Lo . (S

SOV &3 (S ’ Grain starch Total grain Seed germination Grain C.
e df SPAD Leaf area content carbohydrates Soluble sugar percentage yield Forage yield
index content (stem and leaf)
Year Ju 1 7.65" 0.69 1 15.37 1™ 15.06™ 0.011 18.38™ 24524838™ 185375975"
Block(Year)(Juw)ssk 4 8.76 0.40 19.44 26.37 0.56 20.21 858458 12776847
Dosage (a) <z 3 3 63.39™ 1.31* 135.20™ 203.40™ 6.96* 148.49™ 21762652 144140304™
Year x a 3 0.76" 0.017 4561 5.81" 0.26 4.49"s 2066468™ 3649292
Timing (b) &yas ob; 1 0.06 " 0.311 377 4,021 0.011 15,04 1541280" 35555873"
Year x b 1 0.017 0.02 1 0.01m 0.05m 0.05m 1.041 67671 1111121
axhb 3 0.017 0.05 M 0.20 M 0.21m 0.04" 0.26M 554794" 46218451
Yearxaxh 3 0.03"s 0.011m 0.04 1 0.07 1 0.01m 1.821 25980 8119611
Block(Year xaxb) 28 4.37 0.08 21.19 22.54 0.27 6.02 68884 820485
Cultivar (c) 3, 1 14.96" 0.31m 43.69" 73.05* 3.75" 9.38"s 9119268 168275104
Year x ¢ 1 0.29" 0.04 s 0.10m 0.041 0.01m 0.38" 649117 17120
axc 3 0.46 0.01 ™ 3.24" 4.60™ 0.14 0.15m 1478943 13794747
Year xaxc 3 0.117 0.03 ™ 0.30 ™ 0.08 0.08 0.49 396926" 839471
bxc 1 0.041s 0.011 0.08 1 0.14"s 0.01 0.041s 77108 13442671
Yearx b x ¢ 1 0.017 0.06" 0.26 ™ 0.25m 0.01m 0.38 777 1191267
axbxc 3 0.03 0.01™ 0.03™ 0.06™ 0.01m 0.15m 16863 517411
Yearxaxhxc 3 0.021s 0.01 1M 0.28 1 0.271 0.011 0.491 38018 10318241
Error s 32 1.74 0.05 14.04 16.29 0.26 4.38 63001 510827
CV. (%) el cops - 5.27 754 7.65 7.58 8.64 421 8.81 7.05

Joyd S g oy Jlain] gdaw p3 )b dme g 5 Gre g oy ek g % NS
ns, * and **: non-significant, and significant at 1% and 5% probability levels, respectively.
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Table 3- Main effects of year, dose and time of application of Medax Top, and cultivar on the studied traits in forage sorghum

. A1d dbwlis gox YRR EYul PRV Y9 [EXVERYIN aild >, Slos adgle 3 ,Slos
o S Sy s LS e it S S e 23 (il ey »
ialojl 51 Jols _ Grain starch Total grain Soluble sugar o Grain Forage
. (S Leaf area Seed germination . .
Experimental factors . content carbohydrates content yield yield
SPAD index percentage
(%) (%) (%) (kg hat) (kg ha't)
v 2023 40.03 a 515a 65.89 a 71.83a 5.94a 94.46 a 2344 b 15529 a
ear
2024 40.60 a 498a 66.69 a 72.62a 5.93a 95.33 a 3355a 12749 b
Control 38.41d 5.32a 63.79 ¢ 69.18 ¢ 5.39¢ 91.92¢ 1661 c 17001 a
5 0.5L hat 39.72¢ 515b 65.08 ¢ 70.72 ¢ 5.65 bc 94.08 b 2583 b 14905 b
osage
1.0L hat 4094 b 5.03 ¢ 67.06 b 73.13b 6.07 b 95.83 ab 3276 a 13479 b
2.0L hat 422 a 4.77d 69.22 a 75.84 a 6.62 a 97.75a 3877 a 11171 ¢
Timi 3-4 leaf stage 40.34a 5.01a 66.49 a 7243a 594 a 95.29 a 2976 a 13530 b
imin
J 6-8 leaf stage 40.29 a 512a 66.09 b 72.02a 5.93a 94.50 a 2723 Db 14748 a
culti Mansour 40.71 a 512a 66.96 a 73.09 a 6.13a 95.21a 3158 a 15463 a
ultivar
Behesht 39.92a 5.01a 65.61Db 71.35b 5.73b 94.58 a 2541 a 12815b

35,55 (P<0.05) (¢l ime WS LSD (yg051 oluol o S yitio gy chyls (glayyuSilo  Jole o (gl g yginm yo0 y0

In each column and for each factor, the means followed by the same letter are not significantly different (P<0.05) according to the LSD test.
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Table 4- Interaction effect of dose and application time of Medax Top on the soluble sugar content and grain yield of forage

sorghum
S
Jgloxe (B oo il 3,Sdos
Treatment
- E - Soluble sugar content Grain yield
Bpao 30 Gpan b
(%) (kg ha'*)
Dosage Timing
3-4 leaf 5.39¢e 1650 e
Control
6-8 leaf 5.39¢e 1672 e
3-4 leaf 5.62d 2869 ¢
0.5L hat
6-8 leaf 5.67d 2297 d
3-4 leaf 6.14 b 3502 b
1.0L ha?
6-8 leaf 6.01c 3048 ¢
3-4 leaf 6.60 a 388l a
2.0L hat
6-8 leaf 6.64 a 3872 a

...\J)L\i (P<005) LS)IJL;LM M3 LSD O)A)'i L)"L"‘ P Ogw ) J)L.‘.A J}P dl)l.) dl"’u‘i’l‘ﬁ
Means followed by the same letter in each column are not significantly different (P<0.05) according to the LSD test.

(S148gle 235 j9m0 dlgle 3)Shos 5 415 (S ydgs S g Al 500 2 o5 9 U uSTie b s 35 alite 51 -0 Jgu
Table 5- Interaction effect of Medax Top application dose and cultivar on starch and carbohydrate content of grain and
forage yield of forage sorghum

sl 15 iaslidd ggione 415 o] yaggs S JS adgle 5,Slos
Treatment
- _ - Grain starch content Total grain carbohydrates Forage yield
A = (%) (%) (kg ha)
Dosage Cultivar
Mansour 64.91 de 7055 f 18958 a
Control
Behesht 62.68 f 67.81h 15043 ¢
Mansour 65.60 cd 7145e 16626 b
0.5L hat
Behesht 64.55 e 70.00¢ 13184 d
Mansour 67.86 b 74.18c¢c 14851 c
1.0L hat
Behesht 66.26 c 72.08d 12107 e
Mansour 69.48 a 76.19 a 11417 f
2.0L hat
Behesht 68.96 a 75.50 b 10926 g

35,15 (P<0.05) (¢ )b gixe M3 LSD 9ol oolel gt b 53 Syt gy (6l slapSile
Means followed by the same letter in each column are not significantly different (P<0.05) according to the LSD test.
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VYA ol yamg: S gine b jgate o8y oV Joia)edl (ialjdl 0o)ys VOIAY 4 PANA I loclamg S (1l liSa )3 3 53 4 b0
sop Sy Jlozsl o 3 35 68 5 53 Mlise ST Jgan) 313 olis sibisine 5y 2oy VIIVO (uSilio b Culiy 08y &0 G o>
Syl S 4 Vo) ggdg0 ol (0 Jsiz) 290 ©glite wciliin o> & 08 55 S imgyS (s5me gosly 45 (5gboas 5t I3 sine
(Liu et al., 2025) 54 o0 o985 U pwSlho bauwgs 45 Canl (3MeanS 2,5 (clives T cdled a8l iile) )8 S golio (o yoamo 4> (S55
)8 S ) culie (i bl Cunnl g cunl &l 3 Slng S (Glooydd p QESTae cute b saad ol @S oyl
9 )’3 2 o VENA @ sl jlad )3 1o )3 V4 /B0 I janio pby 4l )0 o 0583 sl jubgs S faosme 23,0 AST s, slmosuS pulais

413 > ,Sdos

sl s 53) T it 51 5 o pme o5 g 35 oy o Jlois) s 3) Juo b o (s o sine ssby &l 2,Slas
2 £ YYRF) o) Jlo J) s aoy ¥ (S0 )3 558 1Y00) s 3Skos (il epgd Jlo 3 (¥ Jpse) €85 5 (10>
2198 5l (sle dasyon e scanl pg3 Jlo 13 4 155 sl ackas alomec] Lulys s & Yiisl g p ol (Y Jgi2) 032 (Jlsa
sl s 9 DS hio e o3 3 Iy (6o lh 53 sl 03,85 S o] g 3,Shas 4 (1 32 3> Jlo 33 QB uSTs s oo
.(Rademacher, 2015) coul o3l> (2l yus 2do5 e 13 1y o) (Ul 03,5 @y |y SB uSTse Jleb dlge 4550 NN oV Jouz)

S Gz gldy Mz p S Ty o381, 55 £ 5o LS YAYY 4 VS5l ails 5 Sas )i j0 i 90 &y 5l QU WSTae )'3 olsel b
23l L o aolinlyor @3y (Kamran et al., 2018) o)SKen ¢ ) polS" slaaidl b zuls -pl i ssalie (iSe 0 i 40 9 S )'3 O
aS" w58 4,158 (Nikolov & Delchev, 2021) ciods g CaglgSs ¢ pmizad 2300 (]38l 1y aily 5,Sloe ¢ idngy Ay (ials b ]IS @lsS o
g b s lae a8 Wiloald lis Sllllas Laiiion oo dguto |y Al 4y (g 5u0gid dlge anass 5 juwgid pgygd paS 10 My slrodiS pulas
SbwSlie 5,8 (Han et al, 2011) &S o colia Liolj slaplil W)ei Cuows 45 1) 0lS 38 100 cpudS” 930038000 diilo (olosiiS plas
(7 Joits) ol pl&imgs )8 o p3l odims lis & sutise Sgup 2o yd AT |y &l 3,Slee (5 5A dls yo & Cad (5o Y-F sy
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S VY ab e o oniSpudas liSa > i) 90 GBpas b aily 5 Shas oy iy (Storozhyk et al., 2022) 544 o (uiolj slaplil Cuow
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Table 6- Interaction effect of year, dose and application time of Medax Top on the soluble sugar content and grain yield of
forage sorghum

slow

* Jolowo (A3 g .
Treatment 41> 3,8des
Jl b oo 39 o3, Soluble sugar content Grain yield
. (%) (kg ha't)
Year Dosage Cultivar
Mansour 547 f 1854 fg
Control Behesht 5129 1059 h
Mansour 5.78 e 2094 ef
-1
2023 0.5L ha Behesht 5.45 f 1733 g
1.0 L hat Mansour 6.36 d 2669 d
' Behesht 5.77 e 2223 e
Mansour 6.88 a 3663 ¢
1
2.0L ha Behesht 6.66 b 3457 ¢
Mansour 5.82e 2702 d
Control Behesht 5.15g 1030 h
Mansour 5.92e 3623 ¢
-1
2024 0.5L ha Behesht 5.45 f 2884 d
1.0L hat Mansour 6.28d 4542 a
' Behesht 5.88 ¢ 3670 ¢
Mansour 6.54 bc 4114 b
-1
2.0L hq Behesht 6.41 cd 4274D

5,15 (P<0.05) (¢ )l sime MBI LSD (yg05] Lolusl 2y y2 53 S yiitio Bgyn chyls (glapSibio
Means followed by the same letter in each column are not significantly differentns (P<0.05) according to the LSD test.
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8 sl by Sgossn sl 5 BorS il o Cwlun > (K55 £98 & Yioid glis (gl g2 e S iy (sibsine o &
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