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Comprehensive abstract
Introduction

The growing global population, diminishing freshwater resources, and climate change have imposed
additional pressure on agriculture in arid and semi-arid regions. One of the appropriate solutions for
managing limited water resources is the cultivation of drought tolerant crops with high water use
efficiency such as sorghum. Forage sorghum is a promising option due to its high tolerance to drought
and heat, efficient water use, and considerable dry-matter production; however, the low grain yield of
open-pollinated cultivars has limited the expansion of this crop in the country. Open-pollinated cultivars
offer advantages over hybrids such as greater genetic diversity, adaptability to poor soils, and lower
seed-production costs, but they require increased grain production potential. Plant growth regulators like
mepiquat chloride+prohexadione calcium (Medax Top 35% SC) have been shown to increase grain
number, thousand-grain weight, and grain yield in various cereals such as wheat, rice, and maize;
nonetheless, very limited information exists on their effects on grain-production potential in forage
sorghum. The present study aimed to evaluate the effect of dose and application timing of the growth
regulator Medax Top on grain yield components of two open-pollinated forage sorghum cultivars and
to identify the optimal combination of dose and application timing.

Materials and methods

This research was carried out as a factorial split-plot experiment in a randomized complete block
design with sixteen treatments and three replications at the Seed and Plant Improvement Institute, Karaj,
Iran, during the 2023 and 2024 growing seasons. The factorial combination of Medax Top dose and
application timing was assigned to main plots, and the sorghum cultivars to sub-plots. Medax Top dose
was evaluated at four levels: zero (control), 0.5, 1, and 2 L.ha'; foliar-spray timing was at two levels:
the 3-4 leaf stage and the 6-8 leaf stage; and cultivars included two open-pollinated forage sorghum
cultivars, Mansour and Behesht. The evaluated traits were panicle density, grains per panicle, grains per
plant, grains per square meter, thousand-grain weight, plant height, panicle to plant weight ratio, grain
yield, and grain protein content. Given homogeneity of experimental error variances across both years,
data were subjected to combined analysis of variance using SAS 9.1, and mean comparisons were
performed by LSD at the 5 % significance level.

Research findings

The results showed that application of Medax Top as a growth regulator significantly improved
grain-yield components of forage sorghum. Increasing dose enhanced grains per plant, grains per square
meter, and 1000-grain weight. The maximum panicle density (40.9 panicles.m™) was achieved with 1
L.ha" of Medax Top applied at the 3-4 leaf stage. The highest grains per panicle (721) were recorded in
cultivar Mansour with 2 L.ha! during the first year, whereas the greatest grains per plant (1,134) and per
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square meter (18,970) occurred in cultivar Beheshte with 2 L.ha™' during the second year. The highest
1000-grain weight (25.3 g) was obtained in Mansour with 1-2 L.ha™' in the second year. Application of
0.5, 1, and 2 L.ha"" of Medax Top increased the ratio of panicle to plant weight by 71 %, 109 %, and
180 %, respectively. The maximum grain protein content (9.66 %) resulted from 2 L.ha" applied at the
6-8 leaf stage. Overall, the results of this experiment showed that Medax Top application at 3-4 leaf
stage had a greater positive effect on all grain yield components of forage sorghum, while for grain
protein content, application of Medax Top at 6-8 leaf stage was more effective.

Conclusion

The results of this study indicated that foliar application of the growth regulator Medax Top is an
effective and practical method for improving yield components and grain quality of open-pollinated
forage sorghum cultivars. Application of 1-2L.ha" of Medax Top, especially at the 3-4 leaf stage,
enhanced panicle density, grain number, and thousand-grain weight, thereby significantly boosting grain
yield. For grain production of the Mansour cultivar, 1 L.ha" is sufficient, whereas cultivar Beheshte
responds best to 2 L.ha. Early application at the 3-4 leaf stage strengthens photosynthate allocation to
reproductive organs, maximizing yield components, conversely, for elevating grain protein content,
application at the 6-8 leaf stage is preferred.
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Table 1. Combined analysis of variance for the effects of dose and application timing of Medax Top on grain
yield components and protein content of two forage sorghum cultivars

Mean square

Sou.r ce of df Panicle N.O' of N.O' of No. of grains 1000-grain Pamcle. 0 Plant  Grain Gralp
variation . grains per grains per . plant weight . . protein
density . weight . height  yield
panicle plant ratio content
Year (Y) 1 3080.4™ 22506™ 1146907 323907190  42.80" 0.1661"  2.2971" 24.52" 1.46™
Rep/Y 4 46.0 4473 26572 7682499 4.16 0.0014 0.1321  0.85 1.34
Dose (A) 3 7653.4° 153778™ 1163274° 340076642°  33.88" 0.1382" 45439 21.76° 13.34"
YxA 3 814.2" 284839 94054 27150383 491™ 0.0111™ 02615 2.07" 1.07"
Timing(B) 1 115.7™ 10™ 71887°  18268405™  4.04™ 0.0205™ 0.2915™ 1.54* 0.76™
Y xB 1 13.1™  1085" 34 135902 ™ 0.10" 0.0006™ 0.0027™ 0.01™ 0.02™
AxB 3 99.3 1357™ 26156 6389125 0.40™ 0.0030™  0.0802" 0.55° 0.07°
YxAxB 3 10.6™ 1590™ 328" 185998 ™ 0.10™ 0.0004"  0.0006™ 0.03™ 0.01™
Error agy 28  20.1 6880 5374 1414547 1.15 0.0003 0.0136  0.07 0.28
Cultivar (C) 1 30.8™ 69752™ 41542"™ 11859610™  370.13" 0.0023™  0.7579™ 9.12™ 1.13™
YxC 1 153.0% 40685" 11638™ 2963848™ 0.53™ 0.0001™  0.0625° 0.65™ 0.01™
AxC 3 50.0™  47395™ 174662™ 44337256™ 1.41m™ 0.0038™  0.0328™ 1.48™ 0.09™
YxAxC 3 354™  27340° 36066 9579526 0.24™ 0.0010™  0.0437° 0.40° 0.08™
BxC 1 23" 885™ 1675" 0.10™ 0.0001™ 0.0018™ 0.01™ 0.09™
YxBxC 1 0.7™ 125™ U 54817 0.10™ 0.0001™ 0.0036™ 0.01™ 0.01™
AxBxC 3 6.0™ 847 379" 64113 ™ 0.13" 0.0001™ 0.0091™ 0.02" 0.02™
YxAxBxC 3 8.4m 2938 2117 35908 "¢ 0.10™ 0.0003"™  0.0027™ 0.04™ 0.03™
Error ¢ 32 17.6 7849 5055 1441247 0.80 0.0002 0.0125  0.63 0.78
CV (%) - 12.85 11.94 9.37 6.17 7.11 5.52 8.81 10.21

, "and ** Not-significant and significant at 5% and 1% probability levels, respectively.

(Slebgle poF j3m 4ls g (slyima 5 0,Skee Sl 5 Qb uShae Bran loj 550 5 o) (Jlo A1 5aSils dglio Y 3o
Table 2. Comparison of means for the effects of year, cultivar, and dose and application timing of Medax Top on
grain yield components and protein content of forage sorghum

Panicle No. of No. of

Factor density grains per grains  grains per

perm?>  panicle per plant

Panicleto  Plant Grain  Grain
plant height yield protein
weightratio (m)  (tha!) (%)

1000-grain
weight (g)

Year 2023 27.0b 419 a 649 b
2024 383a 388 a 868 a
Dose Control 22.6b 353 a 478 ¢

10829b  20.81b 0.15b 2.18a 234b 8.52a
14503a  22.15a 023a 1.87b 335a 877a

20.02b 0.10c 252a 1.66c 7.80c

0.5L/ha 31.8a 372 a 713bc 11944 bc  21.11 ab 0.17bc  2.21ab 2.58b 8.37bc
1L/ha 384a 367 a 846 ab 14015ab 22.03 ab 0.21ab 1.88bc 3.28a 8.85ab

2L/ha  38.0a 523 a 998 a

Timing 3-4leaf 33.8a 403 a 786 a
6-8leaf 31.6a 404 a 731b

Cultivar Mansour 32.1 a 431 a 780 a
Behesht 33.2a 377 a 738 a

16823a  22.77a 028 a 1.50c 3.88a 9.56a
13102a  21.69a 020 a 197a 298a 856a
12230a  21.28a 0.17a 208a 2.72b 873a
13018 a  23.45a 0.19a 1.94a 3.16a 854a
12315 a 19.52 b

0.18 a 212a 254a 8.75a

Means followed by similar letter in each column are not significantly different by LSD test at 5% probability level.
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Table 3. Interaction effect of dosexapplication timing of Medax Top on grain yield components and protein
content of forage sorghum

Treatment Panicle No. of No. of . Plant L .

Dose . density per  grains per  grains per IOQO—gram height Grain ylﬁld Gr.am
(L.hah) Timing 2 plant 2 weight (g) (m) (ton.ha™) protein (%)

Control 3-4 leaf 21.6d 476 e 7837 e 20.04 g 251a 1.65¢ 779 ¢

6-8 leaf 23.5d 481e 7928 20.00 g 253a 1.67 e 782¢

0.5 3-4 leaf 3440 776 ¢ 13009 ¢ 21.40e 2.10c 287c 8.22f

6-8 leaf 29.2¢ 650d 10879 d 20.82 f 2320 2.30d 851e

1 3-4 leaf 40.9 a 893 b 14662 b 2224 ¢ 1.78 350b 8.75d

6-8 leaf 35.8b 799 ¢ 13369 ¢ 21.82d 1.98d 3.05¢ 894 c

2 3-4 leaf 38.2ab 999 a 16903 a 23.07 a 1.50f 3.88a 9.46b

6-8 leaf 37.8 ab 996 a 16744 a 22.48b 1.51f 3.87a 9.66 a

Means followed by similar letter in each column are not significantly different by LSD test at 5% probability level.

Sladgle ps8 g ails 3 Shoe sliz! R OB SToe 8 pan 3% 08 yx Jlo JiiSenp -F g

Table 4. Interaction effect of yearxcultivarxapplication dose of Medax Top on grain yield components of forage

sorghum
Year Dos:c1 Cultivar No. of glﬁains No. of grains No. of grains IOQO-grain Plant height Grain yiﬁld
(L.ha™) per panicle per plant per meter weight (g) (m) (ton.ha™)
2023 0 Mansour 338 def 489 e 8004 f 21.80 g 2.47b 1.85 fg
Behesht 278 ef 349 f 5860 g 18.03 m 2.59a 1.06 h
0.5 Mansour 299 ef 542 e 9218 e 22.55¢e 2.31d 2.09 ef
Behesht 334 def 543 e 8844 ef 18.671 2.42 be 173 g
1 Mansour 343 de 709 d 11804 d 23.03d 201f 2.67d
Behesht 360 cde 673d 11050 d 18.93 k 2.15e 222e
2 Mansour 721 a 898 ¢ 14996 c 2343 ¢ 1.68 h 3.66 ¢
Behesht 679 a 994 b 16860 b 20.07 i 1.83 ¢ 346 ¢
2024 0 Mansour 554 b 744 d 12142 d 22.23f 2.35¢cd 2.70d
Behesht 241 f 333 f 5524 ¢ 18.02 m 2.66 a 1.03 h
0.5 Mansour 444 ¢ 887 c 14936 ¢ 23.87b 1.93 fg 3.62¢
Behesht 412 cd 881c 14778 ¢ 19.35] 2.18¢ 2.88d
1 Mansour 409 cd 1006 b 16575 b 25.32a 1.501 4.54 a
Behesht 354 cde 997 b 16632 b 20.83 h 1.85¢ 3.67c
2 Mansour 337 def 963 be 16469 b 2533 a 1.25] 4.11b
Behesht 356 cde 1134 a 18970 a 22.25f 1.25] 4.27 ab

Means followed by similar letter in each column are not significantly different by LSD test at 5% probability level.

26 . b d a c
24 f

22
20
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Thousand-grain weight (g)

Mansour
Mansour
Mansour
Mansour
Mansour
Mansour

3-4 leaf | 6-8 leaf | 3-4 leaf | 6-8 leaf | 3-4 leaf | 6-8 leaf | 3-4 leaf | 6-8 leaf
Control 0.5 L/ha 1 L/ha 2 L/ha
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Figure 1. Interaction effect of cultivarxdosexapplication timing of Medax Top on 1000-grain weight of forage
sorghum
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