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Article Info Extended Abstract
Article type: Introduction. Rice is the staple food of the Iranian people and plays an important role in national food security.
Research Article With shrinking arable land, dwindling water resources, and declining rural labor, sustainability of rice

production has become paramount. Despite having a high potential for paddy fields in Guilan Province,
unfortunately, most of these paddy fields are left unused for about seven months after rice harvesting. The
occurrence of fertile soils, long growing season, favorable environmental conditions from the rice harvest until
its planting in the next year, are significant advantages making these paddy fields a good candidate for second
crop. The rice—forage crops system, in which rice is planted as a summer crop and forage crops as a winter
crop, is considered a sustainable system with various advantages. The development of forage crops as a second

Article history: crop after rice harvest in paddy fields can be an effective strategy to provide fodder for livestock, increase land
; . roductivity, sustainability of rice production, increase paddy farmers' income, and thus prevent migration of
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Revised: December 01. 2025 villagers. Therefore, the main objective of the present study was to examine qualitative and quantitative yield

and economic indices of forage crops as a second crop in rotation after rice.

Accepted: December 17,2025 paerials and Methods. This study was conducted based on a randomized complete block design with three
replications at research fields of Rice Research Institute of Iran in Rasht during two cropping seasons of 2023-
2025. The experimental treatments included eight forage plants (berseem clover, forage mustard, barley,
triticale, forage safflower, vetch, forage pea and faba bean) and intercropping of triticale + vetch (50% triticale
and 50% vetch). The evaluated traits included days to harvest, leaf-to-stem ratio, fresh and dry forage yields,
ash percentage, protein percentage, and protein yield. Additionally, gross and net profit, percent of sale return,
and benefit-cost ratio, were assessed to evaluate economic indices.

Results and Discussion. The results indicated that forage species had significant effect on all studied traits.
Mean comparison showed that the first year of the experiment had higher fresh and dry forage yields (37320
and 8742 kgha'!, respectively) and shorter days to harvest (158 days) compared to the second year. Among
forage species, vetch (154 days), barley (155 days), and berseem clover (156 days) had the lowest days to
harvest, respectively. Vetch and berseem clover had the highest leaf-to-dry-stem ratio with averages of 0.85
and 0.82, respectively. The intercropping of triticale + vetch, berseem clover and vetch with fresh forage yield
and dry forage yield (44520 and 12861 kgha''), (38253 and 8465 kgha'!) and (36762 and 7948 kgha™') were
ranked first to third, respectively. The lowest dry forage yield (5796 kgha™') was related to forage safflower.
Forage pea had higher protein content than the other forage species. However, there was no significant
difference with faba bean. The highest and lowest protein yield was obtained in intercropping of triticale +
vetch and forage mustard, respectively. The ash of forage species ranged from 9.97% for the faba bean to 4.94%
for barley. The analysis of the economic indicators showed that the intercropping of triticale + vetch ranked
first in terms of gross and net profit with 1404260 and 1003050 thousand rials ha™!, respectively. Berseem clover
and vetch were also ranked next. Forage safflower and mustard had the lowest gross and net profit of the among
forage species. The intercropping of triticale + vetch, berseem clover and vetch with percent of sale return and

Keywords: benefit-cost ratio (71.4 and 3.5), (69.7 and 3.29) and (67.3 and 3.06) were ranked first to third, respectively.
Berseem clover, The lowest amount of percent of sale return and benefit-cost ratio (-4.8 and 0.95, respectively) were assigned
forage pea, to forage safflower.

intercropping, Conclusion. Based on the results of this study, to achieve optimal forage yield and quality, as well as greater

economic advantage, the intercropping of triticale + vetch, berseem clover and vetch, is recommended as a
second crop in paddy fields of Guilan Province, respectively. These findings suggest that the rice—forage crops
vetch. system could play a pivotal role in improving paddy farmers' income and sustainable rice production.

triticale,
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Table 1. Physical and chemical properties of the soil at the experiment site.
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Table 2. Meteorological statistics during the crop years 2023-2025 in the Rice Research Institute of Iran-Rasht.
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Table 3. Average production cost and forage price of forage crops during the crop years 2023-2025 (thousand rials ha™).
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Table 4. Combined variance analysis for days to harvest, leaf-to-stem ratio (fresh) and leaf-to-stem ratio (dry) of forage crops
during the crop years 2023-2025.
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Table 5. Mean comparison for the effects of year and cultivar on days to harvest, leaf-to-stem ratio (fresh) and leaf-to-stem ratio (dry) of forage
crops during the crop years 2023-2025.

Sid a8l dy Sy Comnd 5 a8l 4 S o (590) Cailap U 39, dlans Slowd
Jle
YN -Joy? VOA® ARSI
NisS Niia Yo AR AN A
o)
AL Al voote =
-Ivee -Iy¥e VDA ISz
NS Vv \o¥e Sile
NS fpye VsYP StlomdllSy 5 bsloe i
Jveb JI5A° Ve shdgle 25
<IAY® -Iveb Voste o )
‘e A wa? sldgle S5
-yl <y A$A Sldgle Jop
-yl oy Vo0 ML,

L5 6yl gime gl duoyd iy Jloio] a3 LSD (9051 polsl it S jiitio g > (s 45 o pSibie gty 5

S g g3 8l &) 5 g3 o Y—F
Al iy Cones 3] 3 05 5oty 11l o Slebgle (LS S 3 sl Slis (ke S Bl & 5 S
2 8y 5l as ol lis Wedly Spe iyl 4o zuls (Majidian & Esfahani, 2013) cusl adele YL CoutsS saimd L
S ) Sble o Siin dslin ol 5 {F yi2) 39 s K 5 5 Bl & Sy sy oy Sy Jlas]
AEN 5 IV Sl iSile b i 5 (sladsle 3555 9 sy paed 0> oLttt sg ay ) 5 ale 4 Sy s (i VY
@ Sy Comd eSSl /VO 5 < IVY (6o Silee b iy 2 9 S )5 iome A )8 (gim 45 0 Syl jsboay
Sinly ptalojl 3350 LS (S5lshy00 sl 4 g b (D Jgin) 185 )18 (5Ll 0g)5 Sy 13 5 didgy )8 2 5 el
US 5 55508 o Sy sl 3355 5 Sl omyt pies 25l olopS) s Aunli 3 A2 5 92 g2 Sl
Py 5 4 (b 4ol cpl dimd oo SIS |y (05 gl

Blo & Sy Cosd bl oo SUiS gle ©jg0n Juln a8 )3 dsle (D98 9 S ien g Bras S pl 4 2y L
Canmd g ;3 (Moghaddam & Mofidian, 2022) 5,5 gladsle (sladisS Clcsl § (6 S paonal 10 (S ppie ol Suis
b ol 5 pawp ydad g Sidle &S (g y5bey 092 )8 5 Bl 4 S o b e (dumdg LS 15 s Bl 4 Sy
VY il b o (slabgle 3656 036y IS5 1 St aBles &y 5 s oy yicin ) S s ysbods o JAY g +/AD (slo Sl
Jsis) 352 IS5 5 9 OaLS &0 Lo +/VD ik b (K5 4Bl 4y 5 o (0505 simon <2l 3 (50 45, 9
®
i adgle & Shos Y-V
Joisinn 5 dbgle 3,Skac y hmys Sy Mool s 3 Ul (ot e 5 5 085 Sl 188 5l L5 S o il g 440 ol
e b g3 o 4y o 550 53 S8 TYFY e 580k U telefl o) JLo (uSile aulie 5 b 5 ) 33
by & gl |y ol JLo 5 5 ebsle 3.Slac (o3 sy 39 Joy58 6y 5 gl 3,Slhac iS55 p S5k YHYAY



VP28 qo90 & lasis ot g oloeiy 8,90 i ylp] (1) j HlobS pgle Ao 4.

@l b S (e (glod 5 T Slelo ggame 28 B8 Lyl aoi )3 g a8 (S,L) Jlo ol 5 g g o aslws
5 dbgle 3 Slae iy yiiinr syl S > p,SolS FEOY+ Sl b SKiblo + WSty 5 gloce S 45 3l (s eSolos 4l
Jgi) 28l 58 (odm 45 )3 Syidae psboas LS )3 £ SGlS YAV 5 TVITY (glaySbo b iy 5 g2 9 IS 500
A 5 5l Stlo oalisl WSty 5 gl o piaod BB (39585 381 9 Suble bawgs ()79 55 (SaTolom S o0 jlaiey oV
Y5 e Sl e s B i 51 5550 odlisul 9 45 93 (slaady; Sliste (508 Grizmed g ol (Sl pas g b Glyisa;
b bl oS 5 5 abole 5,Slae il L)

JB 3 ySlos 1 HlSa )3 p Sk YEVEY 5 YAYOY (slay: ke b i ity Silo g o yed eglatdgle (slapsS) o 0
3pes (piaS GUSe 55 p)S el VAAFL o YVAAY (cloSilo b oy 3 ladgle SGHIS 5 Ja)5 000 J0)55 0 (k295
o8y Jlize 3l (:Sole auglio gl (V Jpiz) 21285 )13 o)l 09,8 S > Syde jgboay g aidhy olaidl 38 4y, 5 dgle
oS 5 S 15 p,SolS FYYFF uile b Jgl o 3 Siile + Al 5 boglie oS 4 5l oL 5 dbgle 3,Khes 1 Jlo o
JS5) wsls ol g3 1) 5 ddgle 5 Sloe (35268 g (2 iy o SR )3 £ )5 5kS VOOV (550 b pg> Jlo 53 S35
S 5 45 b IS LS 53 ped culS lgisdy baatel ST L gladgle (clapsS) bgle culS (guiodgus 9 3, Slas gy 3 ()
39 055 0 (S8 3 p)SokS YMFF) 5 dgle 5Slae cpyiiar 5l 3 Ve 5 ladsle Silo U¥ blse cuiS
.(Rabiee & Farahdahr, 2020)

NETVEE el sla o (b slebsle S (S 5 o i Sy s w320 1 Jgan
Table 6. Combined variance analysis for qualitative and quantitative traits of forage crops during the crop years 2023-2025.
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Figure 1. Interaction effect of cultivar and year on fresh forage yield of forage crops during the crop years 2023-2025.
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Table 7. Mean comparison for the effects of year and cultivar on qualitative and quantitative traits of forage crops during the crop years 2023-2025.
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Figure 2. Mean comparison for ash content of forage crops during the crop years 2023-2025.
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Table 8. Economic Indices of forage crops production during the crop years 2023-2025.
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