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Evaluation of Forage Yield and Quality of Double-Cut Persian Clover
(Trifolium resupinatum) Lines under Weather Conditions of Karaj, Iran
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Table 1. Name and origin of the studied double-cut Persian clover lines

u:_y aJL,_.Z JN CL

Lineno. Line name Origin cLice
1 BPC/2chin B Lorestan Ol
2 BPC/Azna Lorestan ok )
3 BPC/Dehgolan Kurdistan Ol S
4 BPC/Silakhor Lorestan Ol
5 BPC/Shazand Markazi 3
6 BPC/Alshtar Lorestan ok )
7 BPC/Qourchibashi2 Markazi $S
8 BPC/Kermanshah Kermanshah oliile 57
9 BPC/Lordegan Chaharmahal and Bakhtiari =~ <ot 5 Jeolex

10 BPC/Qourshibashi ~ Markazi $S
11 KPC/2chin12 Kermanshah oliile 57
12 KPC/2chin13 Kurdistan Olws S
13 KPC/2chinl4 Kermanshah oliile 57
14 KPC/2chin15 Kermanshah oliile 57
15 KPC/2chin16 Kermanshah oliile 57
16 KPC/2chin17 Markazi 3
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Table 2. Physico-chemical properties of the soil of the experimental site

= S Lo SO s lia
Potassium  Phosphorus Jfoj . ("'(J’g - ) ST
( Fd A S ) SExd Dol NS e Sl el €
. L. 02 20 Total nitrogen  Electrical conductivity ¢
Soil texture <5 <3t (mg kgt (%) (dS m-1) pH
Clay loam & s 245 11 0.09 0.83 7.9
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Table 3. Monthly mean air temperature and total precipitation during the experimental

period in 2023-24 and 2024-25 growing seasons in Karaj

(IS ) by 5 SLe Greoe) Sb

Mean temperature (°C) Precipitation (mm)
Month oL 2023-24 2024-25 2023-24 2024-25
September  ox* 23.1 25.5 0 2
October & 16.8 18.7 7 30
November oLt 11.6 9.7 17 87
December AT 6.6 3.4 18 21
January 3 4.2 2.6 52 29
February o 3.1 1.3 54 51
March ikt 3.2 6.9 77 60
April ISR 10.0 14.3 13 26
May g 17.8 225 3 24
June sls = 22.7 24.5 1 2

Total o -

- 242 332
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Table 4. Bartlett’s test results for assessing the homogeneity of experimental error

variances of the traits in two growing seasons

Trait <4e  Chi-Square P > ChiSq
Dry forage yield Sz dbsle 5 Shes 3.510 0.061
Crude protein content el oS n S5 3.431 0.064
Protein yield 555, > Sas 3.397 0.065
Acid detergent fiber Gl 0l 5 55 J gloeals U 0.007 0.932
Neutral detergent fiber S ey 5 53 Jgleali U 2.697 0.101
Dry matter intake s S o3le 3.380 0.066
Dry matter digestibility S oole pin S 0.007 0.932
Digestible dry matter yield n 6 S osle > Shes 3.565 0.059
Water-soluble carbohydrates <1 5> sk slasldn s S 3.713 0.054
Ash content S (o 0.054 0.816
Relative feed value Sladss (omd 5500 3.456 0.063
Net energy for lactation s Al 5 0.006 0.935
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Table 5. Summary of combined analysis of variance for forage quantitative and quality traits of double-cut Persian clover lines

Mean Squares

Sl o Sk

@il oSis dsle s Slos Pl s 6 some oS3 kes el oy 5k 93 Jplonal BUI (el 53 3 ol SUI S e oSU 00e
S.0.V. N e d.f. Dry forage yield Crude protein content  Protein yield Acid detergent fiber Neutral detergent fiber  Dry matter intake
Year (Y) Ju 1 25101838* 126.70** 1802650** 176.87** 247.82* 1.268*
Block/Y Jlyes 5 4 1412459 3.96 70553 5.51 21.35 0.106
Line (L) oY 15 459393 38.82* 89505* 27.38 23.12 0.113
Y xL o¥xde 15 199413* 15.81** 35072** 11.59** 10.48** 0.050**
Block/Y x L o¥xdl/essh g0 106625 1.39 6321 2.99 3.37 0.015
Cut (C) o 1 837811 192.18 50830 8.20 139.15 0.748
Y xC o X Jl 1 8856719** 56.19* 693121** 101.53* 76.65 0.450
Block/Y x C oz X JLres sk 4 88888 3.43 2656 13.16 16.36 0.072
LxC o X oY 15 13777 5.17 4738 2.80 4.20 0.026
YxLxC o X oYXl 15 20763 3.73 2914 2.15 4.17 0.024*
Error > 60 97667 2.16 5613 2.15 244 0.011
C.V. (%) Sk o o - 12.81 7.07 14.59 6.51 5.74 5.71

*and **: Significant at the 5% and 1% probability levels, respectively.
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Table 5. Continued —0 J g aalsl
Mean Squares Sl o Kl
. Stst el pin Lo n b6 S asle s Shas ST 2 Jglome Sl dn s S o sl G55

o @5l 4o I?ry ma.tt.er Digeétible dry matter Water-soluble S5 (G gen Sl i 25 Net energy for
S.0.V. Sl et wte d.f. digestibility yield carbohydrates Ash content  Relative feed value lactation
Year (Y) JL 1 107.36** 8491577* 47.78** 0.0002 6223* 0.122**
Block/Y Jlres 4 3.35 625624 0.06 0.0685 359 0.004
Line (L) oY 15 16.61 281930* 8.47 1.6661* 663 0.019
Y xL o¥xd 15 7.03** 115752** 3.62%* 0.6040** 284 0.008**
Block/Y x L ¢¥xdb/essh 60 1.81 47619 0.28 0.0569 70 0.002
Cut (C) N 1 4.96 3603100 28.32 0.0001 2398 0.006
Y xC o X b 1 61.64* 4445092** 8.33* 1.1424** 2725 0.07*
Block/Y x C & X JL/eS sk 8.00 28998 0.41 0.0176 369 0.009
LxC oz x oY 15 1.70 7577 122 0.0992 117 0.002
YxLxC o X ¥ b 15 131 11152 1.00** 0.1422** 106* 0.001
Error = 60 1.30 41218 0.21 0.0566 48 0.001
C.V. (%) Sl o - 6.79 13.07 10.01 6.92 7.87 6.65

*and **: Significant at the 5% and 1% probability levels, respectively.
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3> Sl ot Gl Y 5le S 55 Shas o X Il s 2V X Jle (28 80Le wlie F sl
Table 6. Mean comparison of the year x line and year x cut interactions on the forage yield and quality of double-cut Persian clover lines

OGS 55 0 Sk8) oK 44l 5 Shas (4o y3) pls (55 5 O 55 0 8 k) (55 5 5 Shoe (4 3) (bl 0ty 55 55 J ghoesls U
oY Dry forage yield (kg hat) Crude protein (%) Protein yield (kg ha!) Acid detergent fiber (%)
Line 2024 2025 2024 2025 2024 2025 2024 2025
No.1 2023 2777 19.13 21.85 384.7 606.0 32.59 32.48
No.2 2072 2617 20.12 18.56 413.8 486.0 31.83 33.19
No.3 1833 2799 18.13 22.28 326.7 627.5 33.18 33.70
No.4 2058 2761 20.09 21.38 410.0 588.8 31.96 33.86
No.5 2182 2916 20.68 23.17 450.0 674.3 31.39 32.93
No.6 1738 2676 18.11 20.82 311.8 556.5 33.66 34.27
No.7 1718 3021 18.08 22.33 307.7 674.7 34.10 32.31
No.8 2056 2892 19.41 23.86 392.8 691.3 32.24 32.63
No.9 2405 3279 22.27 25.80 535.7 843.3 28.75 30.20
No.10 2341 3181 21.94 24.87 514.3 789.5 29.08 31.21
No.11 2214 2584 20.95 19.06 459.5 491.3 30.15 35.39
No.12 2258 2687 21.32 21.86 4775 586.7 29.85 34.06
No.13 2315 2955 21.63 24.67 499.3 730.5 29.45 31.53
No.14 2155 2524 20.73 18.13 4445 457.5 30.64 35.85
No.15 2248 2643 20.90 20.53 471.3 542.8 30.02 34.39
No.16 1605 2477 16.65 16.97 264.0 417.5 34.97 36.58
LSDo.os (L) 388 364 1.54 1.53 84.8 93.4 1.34 2.25
LSDo.os (Y x L) 391 1.36 91.8 2.00

Cut o
Cutl 2500 2794 19.55 20.09 492.8 566.5 30.56 33.93
Cut 2 1653 2805 20.47 23.17 340.1 654.1 32.42 32.89
LSDo.0s (C) 137 129 0.54 0.55 30.0 33.0 0.47 0.79
LSDo.s (Y x C) 169 1.05 29.2 2.06

Y
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Table 6. Continued —7 J gl aalsl

(Aezy3) (5 oy 58 53 J gloeall U (M;:)&.‘:&nbr\é»;ﬁlglé ()&A)sr;};)wﬁﬁ&&nb:)ﬂw (rﬁ};)séjg&)@gxﬁﬁusjﬂ
oY Neutral detergent fiber (%) Dry matter digestibility (%) Digestible dry matter yield (kg ha') Net energy for lactation (Mcal kg1)
Line 2024 2025 2024 2025 2024 2025 2024 2025
No.1 42.09 41.98 63.51 63.60 1286 1766 1.447 1.450
No.2 41.33 42.69 64.11 63.05 1331 1651 1.467 1.431
No.3 41.88 43.20 63.05 62.65 1156 1755 1.432 1.418
No.4 41.46 43.36 64.01 62.53 1319 1728 1.464 1.414
No.5 40.60 42.43 64.45 63.25 1417 1847 1.479 1.438
No.6 42,73 43.77 62.68 62.21 1090 1667 1.419 1.403
No.7 42.81 41.81 62.34 63.73 1072 1924 1.407 1.454
No.8 4111 42.13 63.79 63.48 1310 1836 1.456 1.446
No.9 38.00 39.71 66.51 65.37 1605 2144 1.548 1.510
No.10 38.59 40.72 66.25 64.59 1555 2052 1.539 1.483
No.11 39.65 44,90 65.41 61.33 1452 1586 1511 1.373
No.12 39.14 43.56 65.65 62.37 1487 1679 1.519 1.409
No.13 38.95 41.03 65.96 64.34 1531 1901 1.529 1.475
No.14 40.14 45.36 65.03 60.97 1402 1539 1.498 1.361
No.15 38.86 43.90 65.52 62.11 1480 1641 1.515 1.400
No.16 42,94 46.08 61.66 60.41 991 1497 1.385 1.342
LSDo.os (L) 1.64 2.25 1.04 1.75 251 235 0.035 0.059
LSDo.0s5 (Y x L) 2.12 1.56 252 0.053

Cut o

Cutl 39.16 42.70 65.10 62.47 1632 1748 1.500 1.412
Cut 2 42.13 43.14 63.64 63.28 1054 1778 1.451 1.439
LSDo.os (C) 0.58 0.80 0.37 0.62 89 83 0.012 0.021
LSDo.05 (Y x C) 2.29 1.60 97 0.054
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Table 7. Mean comparison of the year x line x cut interaction on the forage quality of
double-cut Persian clover lines

(o )3) Sl (6 giomn (o 33) ST 53 dshes A jln gy S
Ash content (%) Water-soluble carbohydrates (%)
oY 2024 2025 2024 2025
Line Cutl Cut?2 Cutl Cut2 Cutl Cut2 Cutl Cut2
No.1 589 5.66 6.09 6.12 3.50 3.17 5.07 5.16
No.2 6.20 5.66 563 5.91 451 3.52 460 4.19
No.3 561 5091 6.12 6.12 3.36 2.88 526 5.18
No.4 6.05 5.79 6.09 6.10 4.48 3.49 507 4.96
No.5 6.23 6.16 6.15 6.26 5.08 3.80 527 527
No.6 553 5.64 593 6.00 3.28 2.87 494 442
No.7 5.06 5.59 6.35 6.31 1.66 2.37 591 537
No.8 599 584 650 6.32 451 3.25 546  5.49
No.9 699 6.73 6.63 6.74 6.66 5.19 715 579
No.10 6.99 6.39 659 6.72 6.55 4.54 6.90 5.64
No.11 6.53 6.16 541  6.09 571 3.96 421 414
No.12 6.66 6.24 597 5.92 6.15 2.17 501 4.86
No.13 6.62 6.38 6.37 6.46 6.28 4.20 6.37 5.60
No.14 6.22 5091 519 574 5.05 3.77 380 3.99
No.15 6.54 6.19 569 5.92 5.95 3.97 476  4.26
No.16 5.04 543 501 544 1.51 2.14 376 3.58
LSDo.os (L) 024 0.17 065 0.36 0.32 0.79 1.02  0.97
LSDo.os (Y x L) 0.20 0.51 0.59 0.97
LSDoos (Y x L x C) 0.39 0.74
Table 7. Continued =V J gl aalsl
(Ao 33) b s &S 03Le (Ao 3) Sl dss od 25
Dry matter intake (%) Relative feed value (%)
oY 2024 2025 2024 2025
Line Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut?2
No.1 2.927 2.783 2.820 2.907 14456 136.48 136.60 145.76
No.2 2.980 2.837 2.740 2.893 148.70 140.31 130.67 144.78
No.3 2.873 2.863 2.847 2717 140.83 139.65 138.76 13151
No.4 2973 2.823 2773 2773 148.14 139.42 13321 135.94
No.5 3.233 2.737 2.887 2.787 166.27 132.86 141.63 136.98
No.6 2.840 2.780 2.750 2.737 138.30 134.71 13153 133.11
No.7 2.820 2.790 2.927 2.827 136.99 134.25 14453 139.69
No.8 3.057 2.810 2900 2.807 151.25 138.55 142.67 138.26
No.9 3.350 2.987 3.010 3.033 17541 15151 150.80 155.50
No.10 3.303 2943 2973 2923 17255 148.36 148.13 146.93
No.11 3.217 2.860 2.713 2.663 166.02 142.33 128.78 127.41
No.12 3.287 2.877 2770 2.747 170.12 143.65 133.28 133.68
No.13 3.280 2.907 2.940 2.910 171.01 14555 14570 146.02
No.14 3.127 2.877 2.677 2.623 159.43 14354 126.24 124.56
No.15 3.227 2970 2747 2727 167.04 147.90 131.31 13224
No.16 2.760 2.863 2.630 2.583 13248 136.42 12253 12147
LSDo.os (L) 0.176 0.173 0.217 0.197 9.05 10.08 16.08 14.72
LSDo.os (Y x L) 0.171 0.203 9.38 15.10
LSDo.os (Y x L x C) 0.175 11.35
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ABSTRACT
Zamanian, M., Heydarzadeh, S. and Golzardi, F. 2026. Evaluation of forage yield and quality of double-
cut Persian clover (Trifolium resupinatum) lines under weather conditions of Karaj, Iran. Seed and Plant,
41, pp.1-36 (in Persian).

To evaluate forage yield and quality of double-cut Persian clover lines and to identify
superior lines, a field experiment was carried-out in 2023-24 and 2024-25 growing seasons
at the research farm of the Seed and Plant Improvement Institute, Karaj, Iran. The experiment
was arranged as split-plot in time in randomized complete block design with three
replications. Sixteen Persian clover lines were evaluated in two cuts. The measured and
studied traits were dry forage yield, crude protein content and yield, acid detergent fiber
(ADF), neutral detergent fiber (NDF), digestible dry matter content and yield, water-soluble
carbohydrates, ash content, dry matter intake, relative feed value and net energy for lactation.
Combined analysis of variance revealed significant year x line and year x cut interactions for
dry forage yield, crude protein content and yield, digestible dry matter content and yield, acid
detergent fiber, water-soluble carbohydrates, ash content, and net energy for lactation. Line 9
(BPC/Lordegan) consistently outperformed the other lines, particularly in the second growing
season, producing the highest dry forage yield (3.28 t ha), crude protein content (25.8%),
crude protein yield (843 kg ha), and digestible dry matter yield (2144 kg ha). In addition,
Lines 10 (BPC/Qourshibashi), 13 (KPC/2chin14), 12 (KPC/2chin13), 8 (BPC/Kermanshah),
and 5 (BPC/Shazand) ranked among the superior lines based on both forage yield and
nutritive value. Overall, Lines 9 and 10 demonstrated superior forage yield and nutritional
quality in the two growing seasons. These two lines were identified suitable for release as
new cultivars for agroecological conditions similar to those of Karaj as well as potential
parents in Persian clover breeding programs.

Keywords: Persian clover, crude protein, dry forage yield, dry matter intake, forage
digestibility.
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Introduction

Persian clover (Trifolium resupinatum) is one of the most important annual forage
legumes grown in Mediterranean and semi-arid regions because of its high forage quality,
rapid establishment, excellent palatability, and ability to biologically fix atmospheric
nitrogen (Bakhtiyari et al., 2020). The productivity and nutritional value of forage
legumes are controlled by both genetic and environmental conditions, and significant
genotype x environment interactions often influence their agronomic performance
(Zamanian et al., 2025a).

Previous studies have reported considerable genetic variation among Persian clover
populations for forage yield, crude protein content, fiber fractions, and digestibility
(Zamanian et al., 2024a). Nevertheless, information regarding double-cut Persian clover
germplasm, particularly its forage yield and quality, and regrowth performance under
temperate conditions of Iran, remains scarce.

Regrowth ability directly determines total seasonal forage production, identifying
superior double-cut Persian clover genotypes is essential for development of improved
cultivars with high productivity and nutritional value. Therefore, the objective of this
study was to evaluate 16 double-cut Persian clover lines under the environmental
conditions of Karaj in two successive growing seasons, to determine their forage yield
and nutritional value, and to identify promising breeding lines suitable for release as new
cultivars and sustainable forage production.

Materials and methods

The experiment was carried-out in 2023-24 and 2024-25 growing seasons at the
research farm of the Seed and Plant Improvement Institute, Karaj, Iran. Sixteen double-
cut Persian clover lines originating from different regions of Iran were evaluated using
split-plot in time arrangement in randomized complete block design with three
replications, where harvest time (first and second cut) was considered the subplot factor.
Before sowing, soil samples (0-30 cm depth) were collected for physio-chemical
properties analysis.

Considering the resuts of soil analysis, 150 kg ha™* triple superphosphate and 50 kg
ha urea were incorporated into the soil as basal fertilizers. Seeds with 99% germinability
were sown manually on 19 September 2023 and 22 September 2024 in a depth of 3 cm
in the soil. Each plot consisted of four 5-m length rows with 50 cm row spacing. Irrigation
was applied immediately after sowing and subsequently at 7-10 day intervals according
to crop water requirements.

Forage was cut in late April (at approximately 25% flowering), and the second cut was
taken after regrowth reached the same phenological stage. Border effects were eliminated,
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and forage was harvested from the central 5 m? area of each plot. For determination of
dry forage yield and forage quality, samples were oven-dried at 60°C for 72 hours to reach
to constant weight. Dried samples were ground using a laboratory mill and passed through
a fine sieve before chemical analysis.

Crude protein content (CPC), water-soluble carbohydrates (WSC), ash, acid detergent
fiber (ADF), neutral detergent fiber (NDF), and digestible dry matter (DDM) were
determined using Near Infrared Reflectance Spectroscopy. Dry matter intake (DMI),
relative feed value (RFV), net energy for lactation (NEL), crude protein yield (CPY), and
digestible dry matter yield (DDMY) were calculated using standard equations (Zamanian
et al., 2024a).

Experimental data were subjected to combined analysis of variance using SAS 9.1.
Year was considered as a random effect, and line and cut were considered as fixed effects.
Mean comparisons were performed using the least significant difference (LSD) test at the
5% probability level.

Results and Discussion

Combined analysis of variance revealed significant year x line and year x cut
interactions for dry forage yield, CPC, CPY, ADF, DDM, DDMY, WSC, ash content,
and NEL, indicating considerable genetic diversity and differential responses of Persian
clover lines to environmental conditions and successive forage harvests. These findings
confirm that both genotype and seasonal weather conditions play important roles in
determining forage productivity and nutritional value (Zamanian et al., 2025a).

The more favorable weather conditions during the second growing season significantly
increased dry forage yield, CPC, CPY, DDMY, WSC, and NEL, while reducing
differences in quality between the first and second cuts. This result indicates that
favorable weather conditions enhanced regrowth ability and allowed plants to maintain
forage quality after the first harvest. Among all evaluated lines, Line 9 (BPC/Lordegan)
consistently exhibited superior agronomic and nutritional value performance in both
growing seasons.

In the second growing season, Line 9 produced the highest dry forage yield (3.28 t ha’
1, CPC (25.8%), CPY (843 kg ha!), and DDMY (2144 kg ha!). Furthermore, it had the
lowest ADF and NDF concentrations together with the highest digestibility, DMI, RFV,
and NEL. These characteristics indicate that Line 9 combined high forage productivity
with excellent nutritional value. Lines 10 (BPC/Qourshibashi), 13 (KPC/2chinl14), 12
(KPC/2chinl3), 8 (BPC/Kermanshah), and 5 (BPC/Shazand) also ranked among the
superior lines for both forage yield and quality. Their consistently favorable performance
in two growing seasons suggests their high adaptability and breeding value for improving
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Persian clover germplasm (Zamanian et al., 2025a).

While several lines experienced reductions in forage quality during the second cut,
Lines 9 and 10 maintained relatively high CPC, digestibility, WSC, and RFV. Such
stability in quality parameters indicates superior genetic and physiological capacity for
regrowth and efficient redistribution of assimilates following the first harvest (Pourali et
al., 2021).

Overall, the results of the present study demonstrated that considerable genetic
variability exists among double-cut Persian clover germplasm. Simultaneous
improvement of forage yield and nutritional value appears feasible, because the best-
performing lines combined high biomass production with desirable fiber composition and
digestibility (Zamanian et al., 2024a). Consequently, Lines 9 and 10 were identified as
promising lines for release as new cultivars as well as valuable parents in future Persian
clover breeding programs targeting temperate and semi-arid environments, similar to
Karaj, in Iran.
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