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Abstract

Introduction: Given the extensive rice cultivation in Gilan Province, implementing a second cropping
system after rice is a key strategy for enhancing production, farmer income, and economic sustainability.
This approach is particularly valuable in areas facing challenges such as small landholdings and traditional
farming practices. Second cropping not only creates employment opportunities but also helps reduce
dependence on a monoculture system. However, the lack of suitable crop introductions and efficient technical
solutions has left many paddy fields fallow after rice harvest.

Developing annual forage crops such as triticale can supply the livestock sector with affordable feed
resources. Numerous studies have demonstrated that second cropping-using triticale, rapeseed, or fava beans-
has a favorable cost-benefit ratio, increases farmers’ income, and generates positive social outcomes such as
mitigating migration and unemployment. Triticale, due to its high productivity and nutritional quality, shows
great promise for meeting the country’s forage demands.

Ensuring the success of second cropping requires appropriate management practices, technical and financial
support, and the careful selection of suitable crops combined with optimal agronomic practices. Considering
the importance of second cropping and the high potential of triticale, evaluating the technical and economic
parameters of its mechanized harvesting as a second crop in Gilan’s paddy fields can provide valuable
insights for developing effective support and extension policies.

Materials and Methods: This study evaluated the technical and economic performance of mechanized
triticale production, focusing on the machinery used during tillage, planting, and harvesting stages under two
harvesting methods-wet and dry. The experiment was conducted over two cropping years (2019-2020) at the
Soil and Water Rice Research Station, affiliated with the Rice Research Institute of Iran. To determine the
fresh forage yield per unit area, border effects (side rows and 0.5 m from the beginning and end of each plot)
were excluded before harvesting. The harvested biomass was weighed immediately. For dry forage yield
estimation, one kilogram of fresh forage from each treatment was randomly sampled, oven-dried at 75 °C for
48 hours, and then weighed.

The study consisted of two main sections: a) Technical Assessment and b) Economic Assessment. To
measure technical indicators such as fuel consumption, theoretical and effective field capacity, and the time
required for each operation in both harvesting systems, the field was divided into two plots measuring
50 %120 m.

The economic analysis compared the two harvesting methods using indicators such as cost per kilogram of
product, net profit, benefit-cost ratio, sales return percentage (SRP), and investment return percentage (IRP).
When the Gross Margin (GM) was negative, production was considered economically unjustifiable; a
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positive GM indicated profitability. The SRP represents the profit produced per unit of sales revenue, while
the IRP indicates the profit generated per unit of investment.

Results and Discussion: The technical evaluation of mechanized triticale production in Guilan province
revealed significant differences in machine performance between wet and dry harvesting systems. Among the
machines studied, the fertilizer spreader achieved the highest effective field capacity (1 ha/h), shortest
operation time (1 hr/ha), and lowest fuel consumption (~11.8 L/ha) during wet harvesting- indicating superior
efficiency and energy performance. By contrast, the rotivator exhibited the lowest capacity (0.29 ha/h) and
the highest fuel consumption (~41.07 L/ha), making it the least efficient operation owing to high soil
resistance and repeated passes. Under dry harvesting conditions, two machine combinations were compared.
The second combination, in which the disc mower replaced the self-propelled reaper, doubled the harvesting
capacity (0.6 ha/hvs.0.24 ha/h) and significantly reduced operation time (1.7 vs.4.1 h/ha), though fuel
consumption increased slightly. The rake and fertilizer spreader consistently demonstrated high efficiency
and low fuel use across both systems. Overall, wet harvesting using a forage chopper was approximately
2.7 times faster and consumed 64 % less fuel per hectare compared to dry harvesting. Nevertheless, despite
its greater energy requirement, dry harvesting offers advantages in producing dry, storable forage with easier
long-term handling and transport.

From an economic standpoint, although wet harvesting incurred higher total production costs
(~199 million IRR/ha) than dry harvesting (~146 million IRR/ha), gross revenue was similar between
methods due to the higher yield achieved with wet harvesting (35,000 kg/ha vs. 7,700 kg/ha). However, dry
harvesting generated a positive profit (~8.4 million IRR/ha) and a return on investment of ~5.8 %, whereas
wet harvesting produced a significant loss (-45.1 million IRR/ha). The main economic drawback of wet
harvesting stemmed from high fixed costs (e.g., land rent) and variable costs associated with handling bulky,
moisture-laden forage. In summary, while wet harvesting proved technically superior and more adaptable to
adverse weather, dry harvesting was economically more viable under the conditions studied. Improving
mechanized triticale production requires selecting higher-capacity, energy-efficient machinery and
optimizing operational management.

Conclusion: Under current agricultural and economic conditions in Gilan Province, the dry harvesting
method for triticale production is more economically advantageous than the wet method. Dry harvesting
generated a net profit exceeding 4.8 million IRR/ha with an ROI of about 8.5 %, whereas wet harvesting
resulted in a loss greater than 45 million IRR/ha and a negative ROI of -22.7 %. The main causes of loss in
the wet system were high land-rental and transportation costs.

Technically, wet harvesting using forage choppers is about 2.7 times faster and consumes over 60 % less fuel
than dry harvesting, making it advantageous in unfavorable weather conditions. Although some dry
harvesting machines consume more time and fuel, implements such as rakes and manure spreaders improve
fuel efficiency and reduce operation time. Future studies should focus on optimizing or replacing
low-efficiency machines used in dry harvesting to enhance overall system performance and economic
feasibility.

Keywords: Tillage, Dry harvesting, Wet harvesting, Fuel consumption, Effective field capacity,
Return on investment, Net profit.
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Figure (1) Technical parameters of various machine operations in triticale production for wet
harvesting
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Figure (2) Technical parameters of various machine operations in triticale production for dry
harvesting (Combination 1)



Fov

\FeF ¥ aJLo.i A -U> (‘_gjjjuf‘_;..l:« 41») u’.cbj t.s"’"""'ﬁ"

S S350 o300 512 Olaj i s las o b B a5
Cils p Slas (gl o Olay J2al sl 5 5 Jal oS 5 @
@y s Mg S a b IH sy
Y .::Jf g g Sl (9,5 Glaaya > 45 6
08 A5 5 gable Calibne Sldas 53 (sl el (s
b 2basS 5 oS0, Sl Oy 4 il 5 (6 A8 5
03j sl JSa Y &S ) Vb f3e glasyjo b b
5 msls 1y A ol S (9 a5 Cslie
G5 B pan 5 Dlhes Gl 2l Oloj 22 3 (550 B
YY) ol S b s w5l (blie 5o LS
2 AV s g 5 5 (Csl 5 S
Sy e 655 55 5 i o 5 5 (S

ole S P Sa sab b Sin S5
S50l s BB S O Sa 5 F 550 4 i Sl
A3 ey Sl s b oyl (Cele  H1a +/YF)
Ao Al g5 BB b al) Slles gl 2l Olej 5035
O a Cusls gl Colu PN il 53 sl V/FA)
orile bl ¢yl pl ol i OT S s 5 e i 2
Sle>Me SIS )3 combie o33l 5 YL b b L (g ,sle8
M5 S x5 B L5k 4 WS s (5 S
iy 3 g1y 055K

41.07

26.26

19.69

7.58
1.8 1.7
‘ \ 33

1.5

Fuzl consumption (L/ha)

. O == @

Eotivator lister

i = e P

5 Shles
Hours raquirsd to perform the operation

(SR T

Fertilizer spreader(seed spreader)

* L0l +r9led9) P90 S S
(s + <Oy + Sl ganl F950

238 M 53 sl Cilibne (3 sla b ¥ S
£33 S 5 4 bp e oS Dok il sl IS 5
s ol S 5 o 53 el 0k 03l D25 IS Ol 3
2 IS8 I Sae ey Db L Gl B
Ll ol iy S ju a5 BB 213 o g sl
W3S B3 n s 555 b Saps ol b
W3l S 4 0T Sllas gl ol Olaj 5 Sl Jsl S 55
0 ol > Sles 35 pl ol il 28T S ol
J5 ok gy 03 3 okl Zdls g3 ol usgdons
&).M:@ﬂgﬁj&ﬁﬁi@bubjow
2SS g b b LS Lles s
5 O, cele ) Sllas gl ol Oloj o 28 sl
O 5z VWAY 5 1IVY 550>) digy S g (3 o
A3 opdle 55 ol YL gL edasOls &7 Wles S Lo
M 4 sl oS5 Wles 55 Hglessy Sl LS 9s
Copan 5 ol S b Sb Caglia 5 (5 Gl S
S5 opl Cand BlE 51 S Olgie a4 515 oYU s g
2 A YN Co s Dy b 55 ol okile L
S5 Do pan | iy Olomes bawge S8 b 5 (1S
s S oS 5

(Il 8555 N 680 b p9> S 5 p e 53

2 24
1 168 ¢ 2.24 020067 1 06 1 04s

el sl

Effactive field capacity (hathr)
(hr'ha)
o =, O ..

rake baler

B glailazal (jzped 550

Drum mower

(¥ cd §) eKis O ygo 4 Cabld g (Sl 9 HICH § dded 50 (dwdile Lalide Dldos (28 (S gyl (V) KO

Figure (3) Technical parameters of various

machine operations in triticale production for dry

harvesting (Combination 2)



\fai

et 5 galamdl (5 gl malyly (gbsl i e s

2 Sl Sl ST sl p3Y Ol ggeme Slej
ssb 4 & Sl S, Sl FAY Ll oSt i
Sl s 03 s el VA Sl ke g5 BB
LB gl S ealisal b5 Sbls y sy ¢ oo & Il i
gl il OSGl gbn gl 4Tl i ol YV
S o alp 7S Ol 53 1 (55 mms

Opae M4 e b5 by )8 B
Sheoye S b 5 FbS Sl Ol Gl S
Sl s il ol o pon 5 Sl VY
Ll (sl o sk @ sle ags e ol Lol 5 s St
Jpamme 035 S 4 S5 S ol lpn 5 OT Ll
Sl g iy 3)l5 1y 35 ol Gblje e)ls 3 s
5 o 5 S Y b (IS ol ok @S e
e 5 ol Sl R 31 55 p0lT &

Sl s OIS Okl lsp s T Ll b v g L
& i 5 Sl gy S 5 Sbls Ol 53 Jgene
Sl gUlF gl Sl e 28T e Ll
e & 1z oo 1y 5V sb) Ll s 5> J g
(Jlan 53 3 g8 o Ja g 4 DD 5 5 ) ey oL
Lo glozis glpn 5 T Ll,b 4 &Kt Silsy s,
sl 3l (6,8 Jor 5 Jguame 0s $SKi (gl 0l 5 T
B D 5 S, e ol el s
S 5 il o Luld 00 ke sl Ol

Ly o Jol 4015 S5 31 b Sl

92 99 23 IR § 038l Wi (AT dwlie
KUS Clld g 9§ Cubld g

Fao N plr OBl sy 93 e D8 o
o S50 Logaie sl OAd BLS| 5 5 bl ,
ol S5 sy gy 53 Sles 5 4 (e
AV o Gopan 5 Ol b bk
L)

Pl e SVT il S das e O b
Ol 5 slaeyze S b a5l Say 55 2 5o (LA S)
Slhes ¢ Jlas 53 cyls YL GLE Slhes Gl 2
Aile) Csls s ol ye s 5 G slads)y) ST (g 5luasleT
Azen JUS 5 50l 5 5 (s S a)

30 33 A 3 L5leEsy (LS O pas b
S Ll By g3 30 1) O pae Ol o A
O pan igle (Gilwespis AT p Mo 4 55 e opdle
(Ea) 95 A 53 S s e Ol |y YL C g
S 03 el g 9 e Blod 4 B oy 5 g5l
23 5355 gn aalitl (S Sl )y 03 g5 K, S
8 preladl S Gpae 5l 5 ey
D g gt D g

LT3 50 Lot s o s fgamee oY s 4 a2 55
33) S 5 I OVIRY spde $Sist Oy o 4 B
468 ol (o 5 6505 0903 Sldas w2 12 O 50
b5 Sdls gy St s O3 e Sl i st 5 JB L sb
s g 3 pan SOl D el S s I YA/

Jl@)‘ .C_,...n‘_;ﬁ.\f&\:ﬁ ui))))}afu\.,é)s ¥ S g

A% § cld p S gy Elgl 30 (8 S olsl 4w lao () J9ue
Table (2) Comparison of technical parameters in various triticale harvesting methods
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Table (3) Economic indicators of various machine operations in mechanized triticale production for
dry and wet harvesting
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