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ARTICLE INFO ABSTRACT
Keywords Introduction
Costbenefit Guilan Province is a cornerstone of Iran's rice production, benefitting from a unique and fa
’ climate. However, rising population pressures and limited resources necessitate optimized
Farm capacity, strategies. Cultivating a second crop following rice harvesseuts a critical opportunity to enha
) productivity, boost farmer incomes, and promote ecological sustainability. Despite this potential,
Net income, and concerning decline in the cultivation area of forage erdgmgh nationally and within Guilz
Profitability, specificaly—underscores the urgency of addressing this issue. Triticale emerges as a promisin
crop candidate due to its high yield potential and excellent nutritional value, with prior studies cor
Triticale its profitability compared to other cereals. While emxh on forage crop profitability exists,

development of second cropping in Guilan faces distinct challenges, including mechanization bai
high production costs. Consequently, this study was designed to conduct a comprehensive tecl
eanomic evaluation of different triticale planting methods as a second crop in Guilan's paddy fields

. to identify the most optimal cultivation practice.
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Materials and Methods

Revised:

October22, 2025 This study aimed to evaluate the efficacy of different planting methods for triticale cultivate
second crop in the paddy fields of Guilan Province, Iran.Theyeeo field experiment (202R022) wa:

Accepted: conducted at the Rice Research Institute's expatahstation (37°10'N, 49°39'E). Five planting technic

October25, 2025 were compared in a completely randomized design: (P1) mechanical broadcasting with a fertilizer

followed by furrower incorporation; (P2) mechanical broadcasting with a spreader followdisd
incorporation; (P3) manual broadcasting followed by furrower incorporation; (P4) manual broac
followed by disc incorporation; and (P5) fully manual seeding. The evaluation encompassed both
* Corresponding author: ~ parameters (e.g., forward speed, theoretical effective field capacity) and economic indices (inclu
net profit, benefitcost ratio, and return on investment). All collected data were statistically analyze

. fi1348 il.
f-youset @gmail.com SPSS and Excel software.

Results and Discussion

This study evaluated various methods for cultivating triticale, assessing their operational efi
impact on yield, and economic profitability. The analysis revealed a profound advantage of mech:
over manual labor. Mechanized techniques, eafipcthose using broadpplication spreaders, we
exceptionally efficient, achieving a field capacity of 1.0 hectare per hour. In stark contrast, manua
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was drastically slower, requiring 238.46 rdaours per hectare, creating a significant bottleneck
prolonged entire operations. A rigorous statistical analysis confirmed that the cultivation methc
highly significant impact on yield. The methodvolving a rotavator combined with manual seet
consistently delivered the highest yields for both fresh and dry forage. However, thysahitiig methoc
proved to be the least economical. It incurred the highest production cost, resulting-imakiogsbenefit
cost ratio for both fresh and dry forage, making it an unsustainable ¢hisiegonomic assessmi
evaluated various triticale cultivation methods in Guilan Province, considering both fresh and dr
yields.For fresh forage, Method P5 (manual seeding) incurred the highest production cost at 254
Rials/hectare, while Method P2 (spreader sowing + disc incorporation) demonstrated the lowes!
kilogram, amounting to 3,180.9 Rials/kg. Method P2 emeras the most profitable,gjiling a net profi
of 25,275,430 Rials/hectare with a favorable berefit ratio (BCR) of 1.38. It was followed by Metht
P1 (15,876,070 Rials/hectare, BCR 1.24) and P3 (2,498,310 Rials/hectare, BCR 1.03). Method P
strong financial performanceith a sales return rate of 27.71% and a return on investment of 3¢
Conversely, Methods P5 (BCR 0.47) and P4 (BCR 0.88) were identified as uneconomical due to th
falling below oneln the scenario for dry forage, Method P5 (manual seeding) pgasented the highe
final production cost at 26,850 Rials/kg, whereas Method P2 (spreader sowing + disc incorporal
the most cosefficient at 7,447 Rials/kg. Method P2 significantly outperformed other treatme
profitability, achieving a et profit of 111,153,750 Rials/hectare and a robust BCR of 2.69. Methc
(95,795,750 Rials/hectare, BCR 2.46) and P3 (58,447,750 Rials/hectare, BCR 1.81) secured the ¢
third ranks, respectively. For Method P2, the sales return rate was nbighlyat 62.76%, with

corresponding return on investment of 168.55%. Method P5 proved uneconomical for dry forage pr
as well, with a BCR of 0.74n conclusion, the economic analysis strongly supports Method P2 (sf
sowing + disc seed incorporation) as the optimal and most profitable approach for triticale cultiv
Guilan Province, irrespective of whether the goal is fresh or dry fotegsuperior profitability an
excellent investment returns, contrasted with the uneconomical médtMiethods P4 and P5 (particula
for fresh forage, and P5 for dry forage), clearly highlight its advantage.

Conclusion

According to thdindings from a technical standpoint, the sowing method using a fertilizer sp
followed by seed incorporation with a disc (P2) proved to be the mostfiin®nt, requiring 15.6 hou
per hectare. This method, along with treatment P1 (16.6 hours/hectarepnstrated a significa
advantage in operational speed and efficiency compared to manual broadcasting and seeding me
17.3 hours/hectare, P4: 17.17 hours/hectare, and P5: 238.46 hours/hectare).Economically, for fre
harvest, method P2elded the best results, with a net profit of 25,275,430 Rials per hectare and a
cost ratio (BCR) of 1.38. In contrast, methods P4 (BCR 0.88) and P5 (BCR 0.47) were four
uneconomical. Similarly, for dry forage harvest, method P2 again tecawiet profit of 111,153,750 Ri¢
per hectare and a BCR of 2.69, while P5 (BCR 0.74) lacked economic justification. Therefore, cor
operational speed, efficiency, high profitability, and a favorable return on investment for both fresh
forage yields, the sowing method using a fertilizer spreader combined with disc seed incorporatic
recommended as the optimal approach for triticale cultivation in Guilan Province.
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¢wCy cren e CAY WAL

; ¥ 8AAYLIY: AC IV ) ¢ %UAY®BAU ¢VY% EC- %wi latweaesAv ?
re-l(-qllrjr;fed Effective Field Effli:(;ieekrjlcy Theoretical Farm Ground Speed Working Used Machine/
: " - . )
(h.ha') Capacity(ha.hr?) (%) Capacity (ha.ht) (km.hr?) Width (m) labor
BAEVAC
3.50 0.29 73.32 0.39 2.78 14 .
Rotary tiller
%t § Yaw
2.11 0.47 85.23 0.56 3.7 15
Furrower
#i ECr$ C.
2.01 0.50 73.1 0.68 4.85 14 .
Disk harrow
Al % wev
1.00 1.00 75.1 1.33 2.56 5.2 Centrifuga| fertilizer
spreading
Cw~ %Yz
11.66 0.0858 38.3 0.224 112 2
Sowerworker
¢ Yowi Y2V
234.96 0.0043 53.2 0.008 0.4 0.2

Seedingvorker
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Table 2. Time required to perform planting operations in different treatmrnts
cwCy 1 %A iwCoayY yCE%E y UOA wa %y
Time required (h.h3) Operations type and order Treatments
6.61 Wt y Yewd wz ¥z 0! ¥ éew- e P1
' Rotary tiller + seed with centrifugal fertilizer spreading+ Furrowe
6.51 i1 ECLY wz YWz (0! 3% éw- e ¢ P2
' Rotary tiller + seed with centrifugal fertilizer spreadin@isk harrow
173 Wt y Yewd wz YYaz 0! Yl éew- e P3
' Rotary tiller +Spreading seeds by worker=urrower
i1 A6 wz YWz 0! 3% éw- YE ¢
17.17 P4

Rotary tiller +Spreading seeds by workerDisk harrow

¢Ar wz ¢¥%wi %Wz &W%AEV
238.46 . . P5
Rotary tiller +Sowing seeds by worker
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; o A s A y A AQY 1-3{4|0uY
Cvdz C¢°COI 0 0@y uu@t%l;bu{c%\zl Cy% ucv ? - )
P4 Vowii GBIANVG AWE Ao wpE 1 %A Vit %/IOO3UYAZ%ZCZ¢V\}'éA‘,£1WLI
QM(Q 1
wz #1 AEEr wz YWz 01 ¥%i é\(/)vCO%C'u%LM\I%\?ﬁﬁl \Xyc /}gEEWE 12 4zyEy8
ﬁWLEuu: VO /2 lell/wéﬁ
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? yraesl yo ot 26|_ thage " A8 ASY 13/4|6u$ 3/42
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v 137 6uaY U€E%oui 1l #HE- AaAO\éAg\Ig%%u@yoiabggwywﬁ&y
CEv ¥ax W %ai LSBT AEZE Ao BmA%LWICE UCv )°yv
UECEWAD RTai | W D #aEYR ABABWME CAFASY
UCp-° uaCip comayyifividna WA wz AVGBNOFAS VPAYHWE T2V Y %410 £ Y £« §%A ¢
ew- %ee A Ay Cw~ClAi0wEE B Eww B,z A G wIDR Chvtr Aly 3 WdeE P |
%t ¥ LWA v A lP#beed ABEAA aZC Y EYAT O WY A Bzt ¥ QoYU EEY YAwWAd Az
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) A9 & %A ey ¥aéy Wy WIOSBWAWAHC C & fvay'd YN WE # %E4 A
P5 hwd @i cév wée Cywiue jwU3 Eadip i° GEOWE avst B cOMIGL W °© RESV
vz Ywi AWZ O &BALS vz CHARELYVZ 18E - BA EACAIS EGIVESVE 1513410
crwuluaCawmpu) Ad WA Coc %UE € %wd Wbz U BWEAAE ¥ | AlgeEwy AdBwnA09e B
CEVI %z GvACUu Qe YevEERYyz 2| NBeHY, YaMe0A i ACApAXYY ¢ v %z @& v
CA«AE dzwé CE%EY¥%z § AnEv?iAav Hai4/Kweiviao 1448 A AEGHVCH 2
vyt CAvgy %t BAwWAARNAS WUy ay %A %t 1 E,z §y! ¥
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Table 3 Analysis of Variance (ANOVA) Results for Triticale Yield

iwbz¥%u GCoy i whbz%u UAUG X «
Mean Squares Sum of Squares 61 iV 30@ @ at
i E- A& E A iE- A BE AE dr Source of veriation
dry forage fresh forage dry forage fresh forage
%bwa CE
9428719.84 115722884.7 37714879.36 462891538.6 4
Treatmen$
woO-
111293.12 844441.2 2225862.4 16888824.8 20 Error
5 i
39940741.76 4797803634 24 !
Total
Summary Al E-
UCCpht (CVw)j v#CCaAf wO- [ whbz% AN
R-Square  Coefficient of Variation Root MSE Average yield (kg.hd)
1 E- A&A
0.944271 4.240383 333.6062 7867.36
dry forage
“UE A8 A
0.964799 4.683979% 918.9348 19618.68

fresh forage

#+ BAWEEED] $ ChvP U | YyweeE 06€v°3 OAU¢] ¢V adywWwaes Av wz Adw
Table 4. Comparison of MeanTriticale Yield Using Least Significant Difference (LSD) Test (Alpha = 0.005)

¢¥wuj ¢° AN R
Statistical classification _Average yield (kg. hd) CEi Cy® wa ¥
i E- %E A 1 E- BE A Seeding method Treatments

dry forage fresh forage dry forage fresh forage

Wt y ewd wz YBVaz 0! Vi

c c 8075.4 18542.8 Rotary tiller + seed with centrifugal fertilizer P1
spreading+ Furrower
T AEEY wz Y%Yz 0 % éw
B B 8855 20732.2 Rotary tiller + seed with centrifugal fertilizer P2

spreading + Disk harrow
Yat § Yowd wz  Y¥az 01! i

D D 6538 17002.4 Rotary tiller + Spreading seeds by worker 4 P3
Furrower
P EEY wz YYaz 0! % &\
D E 6393.4 14583 Rotary tiller + Spreading seeds by worker 4 P4
Disk harrow

1 A 1 1461
A A 9475 27233 €Al wz Cnwi iz P5

Rotary tiller + Sowing seeds by worker ] .
) ° Yy B\pib U¢ UWHHIOE Gyl waEOA %t 1 ° po ECH Y &w&a Bl
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Wz PBEUE TN W2 i ew- Y%e HART 0A Yiwd 0 € EarABYanHWAA vy 1 3z
K13y Yawe i A0 MAzp+COANEE YAz a° e wh{ ARueEkE wEl wwe wAAwA WUy 1
Yy Yawno/14a3 . ¥z§ Oyw CYAN, o0l 332 13422 +0 W % )y ¢Av a°E atvt |
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Table 5. Economic indicators in treatments of different triticale cultivation methods (harvested as fresh forage)

Az a ¢CER ¢ alew 1 6w- a°E +w I 6w\ °cEpAAZ
#R$ AL RRPS A| SRR Ci NRS TP$ 6 Al RS TES W& 5
Benefit cost Percentof  Percent of Net Total cost of Gross Total Cosof  Traatments
ratio costreturn  salereturn  income the product income production
(%) ( %) (rial/ha) (rial/kg) (rial/ha) (rial/ha)
1.24 24.16 19.46 15,876,070 3543.8 81,588,320 65,712,250 P1
1.38 38.33 27.71 25,275,430 3180.9 91,221,680 65,946,250 P2
1.03 3.45 3.34 2,498,310 4253.1 74,810,560 72,312,250 P3
0.88 -11.55 -13.06 -8,381,050 4974.7 64,165,200 72,546,250 P4
0.47 -52.90 -112.31 134,579,800 9341.8 119,825,200 254,405,000 P5

AA0Y ¢v¥z a°E A{Aw 0 AAGAH®LK CED AWz a® EY%S wA®A vicpa:
COAE ¢v¥hz ApEeA®P2 a%aiviC®mé $6£1 e & vRVC Ak wini z G Bk w VAAYE
Cy %a) @Ay wao uj, w8106 Miz" 2AHE2PY 308 +3%¢E + weRes wiz/EbyC EWzE AY
i ¢ Cvewl RwUBE B8 AGWBY %EBAB ©Cw¥hz Ad° RvzA {CAew ~LYaz
Yy CAv ac o ,¢chwiolfE AR O AL @Eywea YOS & ATW~ WA YWz
1P oMb i MWCRSEA A Az | RO WAa AW GMEPIWAYlwz %Yz (P %E Wwa Yl
Yam 0 AWHIEE | %1 A AMRA¥ °C EMAGRCANEAR AAz a°ceéwad ¢{mp y I
CA Y€ E wa Y GoCéEv  1BEGEAL AR 6 A £ ABWARH2BAA0RRLA, +6f w &5 g 1, § 0%2 0 6 v
CEABYV |1 @UOUYE®UDpPpG?L wi o ki %€ A & &D, Yw £14WO0)Bedy/ A% 26D WEL Vo |
Ew-  ¥e ¢ &RCivAs ! IAG L wizo &\F wavGedsivAl CE GXEwAg Az ¢ { Ey Ywl
wz AT 1 0ECA owEiv wal YAGOW Bl sse, MeE (8 1%az% ¥ B p ° ¥ew C JE:
vLwiukzy pv ABYOCoL Az |11 E-Y9AT yyCE£REE AMZA 6WA ¢ ! &g % B W @
¢{ £y | wal %y Caz ARWARAE L Yazi S 28 BaPpt+: #B3 0 %z 1030
W WLE WS # W BPs5&ew CRVae v %z Albze ARiP2AIzvawibGep B A8 A6Y °CH
WADPE Yz |BEE LHIVAO VaYu E DL Fi a ceon- 8% 1A GBNA 0° LBV CV %
CAv a°E ! %yj %z PHUBW GaBlEd dvEv MAAABIYY WEWV!FwmEYy %w
CAWQRY ¥ Uev 0! AewEY whinve wicdpG A0 aBEC E (G Ev %E A&AD)
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Table 6. Economic indicators in treatments of different triticale cultivation methods (harvested as dry forage)
acc ¢CEf ¢ ateiw 15w A°E + 1o6w-w °ApAA
APt RRPS Al SRS C NRS TP§ 6A  #RS$ TES WA
#R$ Percent of  Percent of . Total cost of Gross Total Costof
Net income : . reatments
Benefit cost return  sale return (rialiha) the product income production
cost ratio (%) ( %) (rial/kg) (rial/hg) (rial/hg)
2.46 145.78 59.31 95,795,750 8137.3 161,508,000 65,712,250 P1
2.69 168.55 62.76 111,153,750 7447.3 177,100,000 65,946,250 P2
1.81 80.83 44.70 58,447,750 11060.3 130,760,000 72,312,250 P3
1.76 76.26 43.26 55,321,750 11347.1 127,868,000 72,546,250 P4
0.74 -25.51 -34.25 -64,905,000 26850.1 189,500,000 254,405,000 P5
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