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Extended Abstract

Background and Objective: Due to the increasing demand for wood in the country's timber
industries and the implementation of the forest breathing plan, which prohibits logging in
northern forests, combined with the challenges of importing wood because of costly and
unstable currency exchange rates, there is a need to expand poplar plantations in appropriate
areas. Although extensive poplar plantations exist in West Azerbaijan province, the lack of
economic justification, particularly in the early years of tree growth, highlights the importance
of integrating mixed-cropping systems in the northwest's climatic zone. The combination of
poplar with alfalfa is especially beneficial, given alfalfa’s role in livestock feed and West
Azerbaijan's position as the second-largest alfalfa producer in the country. Additionally, mixed
cropping is recognized for its ability to enhance productivity, serve as a primary income source
for farmers, and improve soil fertility and resource utilization efficiency, making it a promising
strategy for agroforestry. This study aims to evaluate the benefits of poplar-alfalfa intercropping
in Urmia County’s climatic conditions.

Material and Methods: The study was conducted at the Saatlui Poplar Research Station in
Urmia, situated at 1338 meters above sea level and affiliated with the Agricultural and Natural
Resources Research Center of West Azerbaijan Province, from 2019 (when cutting propagation
began) to 2023. The Populus nigra 62/154 clone, which has demonstrated high wood production
performance in compatibility tests, was selected as the tree component. Alfalfa (Medicago
sativa L.), the Hamdani variety, was planted between poplar saplings in March 2021 (the year
of planting), with a spacing of 2x4 meters (4 meters between rows and 2 meters within rows).
Measurements for alfalfa characteristics were taken at harvest after each of the three cuts, and
poplar tree measurements were recorded at the end of the growing season over three consecutive
years: fall 2021, 2022, and 2023. Economic assessments and profitability comparisons for pure
and mixed cropping systems were conducted using land equivalent ratio (LER), relative value
total index (RVT), actual yield increase (AYL), and agroforestry utility index (IA).
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Results: The results showed that the diameter at breast height, height, and volume stock of
poplar trees were significantly different at the 5% probability level only in 2023, with the
highest growth occurring in pure poplar plantations. Regarding alfalfa, significant differences
in plant height were observed between pure and mixed cropping types and across three cuts for
the years 2021-2023. In 2021 and 2022, plant height differences were significant at the 5%
level, and in 2023, at the 1% level. Additionally, in 2021, plant height differences were
significant at the 5% level, and in 2022, at the 1% level, under the interaction of cropping type
and cut, while dry weight showed no significant differences. Alfalfa yield per hectare was
higher in mixed cropping across all three harvest years, though no significant difference was
found between pure and mixed cropping over the three years. The total relative value (RVT)
was 1.80, 1.27, and 1.07 for 2021, 2022, and 2023, respectively, indicating that mixed cropping
of poplar and alfalfa generated 1.80, 1.27, and 1.07 times more income than pure poplar and
alfalfa cultivation in each respective year. The agroforestry utility index (IA) values were 4.80,
2.67, and 1.83 for 2021, 2022, and 2023, respectively, all greater than one and positive.
Economic analysis for 2023 showed that pure poplar cultivation resulted in a negative profit
(—18.75 million IRR), while mixed poplar and alfalfa cultivation generated a positive net profit
of 14.16 million IRR per hectare.

Conclusion: This study demonstrates that mixed cropping was economically more beneficial
than monoculture in all three years, with RVT values exceeding one and positive net profits.
Overall, the research suggests that, despite traditional agroforestry systems in the region, these
mixed systems offer higher profitability and economic returns compared to monoculture
farming. If properly managed, such systems could have a positive impact on rural economies.
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Figure 1. Geographical location of the study area in West Azerbaijani province, Urmia city and a view
of intercropping of poplar + alfalfa in Saatlo poplar research station
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Table 1. The price of each kg of products in Rials during three years of research

Ve Ol Ve Jlo Voo Jlo (S S) N garms a3
2023 2022 2021 Price of products (kg)
120000 100000 90000 e
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iy
69926 57380 44990
Alfalfa
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Table 2. ANOVA (mean square) of increment at growth and the amount of growth parameters of
poplar trees in cultivations of sole and intercropping with alfalfa at three years of research.

re Al SIS i b e il S Sl

Syt b Jle
Sole culture of Intercropping poplar with T-test F\ariat v
poplar Alfalfa Sources of Variation ear
) Cramlo) s pl b 6olr 25
0.31(0.00¢ 0.32(0.00y 0.031" Diameter at breast height increment RV
(cm)
0.48(0.01)° 0.56(0.02) - (o) gl ool s RS
_ - 02817 ight i 2020-
Height increment (m)
. 2021
- L?g.h g_,\x_,<A b - =
0.073(0.00)° 0.071(0.00)° - GBS 53 e ) o (0lr e
: Volume increment (m2 ha®)
(o) apm il k3 ol )
0.93(0.09)* 0.43(0.02)° 6618 Djameter at breast height increment Y
(cm)
) sl gyl Veoo
0.77(0.1)° 0.33(0.02)? 31550 () gl ol )
Increment at height (m) 2021-
. 2022
LLa Se 2 = 2
0.35(0.07)* 0.11(0.03)° 5.003* CbSs 53 aSa 20) oo Ul s

Volume increment (m? hat)
el Calises LSLMJL.«)\: L;J.A L}Lﬁ.v slaasOlis Q)Lii‘.d J}f— | BV q0 OL:&.E‘ da.,d} 6)'3‘5'# C]a—w r.\& okaaslis g.,.;vjjd.v ;L&)n

S

ns and * respectively indicate thenon-significant and significant at 95 percent confidential level. Numbers with different letters
indicate significant differences in different years.
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Continued table 2.

S yeid b Jl
Sole culture of Intercropping poplar with T-test .
poplar Alfalfa Sources of Variation Year
(e tl) e pl o Sh3 (ol 25,
1.64(0.15) 0.86(0.09)° 3491%  Djameter at breast height increment gy
(cm)
) ol ol Vi
1.31(0.07) 0.44(0.02)° 4574° () gl sl s
Height increment (m) 2022-
. 2023
= 2 La s 2
2.04(0.06)° 0.53(0.04)° 5.374" e ol e O 53 S )
Volume increment (m® hat)
- fo k) e ol o
0.77(0.05) 0.83(0.03)° . ) il
’ Diameter at breast height (cm)
- < s Vo
18(0.2)° 1.86(0.05)° 0183 () gl
) Height (m) 2021
- m v—i—-<.& -
0.09(0.05)* 0.09(0.01) 0.002" GBS )3 s j20) o ($2 57 50
' Volume (m® ha'l)
- .-'L.A . l -
1.7(0.19) 1.26(0.07)¢ 3.205™ _ (e )*?“ﬂzf kb
Diameter at breast height (cm)
2e) g5l Veu
2.56(0.09)* 2.19(0.06)° 1.69™ () gl
Height (m) 2022
m v—i—-<.& o
0.44(0.03)" 0.2(0.02)¢ 218 GBS 3 e ) poomm S35 5
Volume (m® ha'l)
- ."Ld . l -
3.34(0.08)" 2.12(0.04)° 5.882" _ (o )4-1"']‘.}-{ b
Diameter at breast height (cm)
2e) g5l Ve Y
3.87(0.12)° 2.63(0.08)" 7.507" (f_‘)t 5
Height (m) 2023
M v:l_—<.a o
2.48(0.15) 0.73(0.1)° 4.609" QLS 53 S 20) (gom (639 5

Volume (m® hat)

QM'M&LAJL#)‘:JMQJLM o kaasOlis Q)u.';a kJ}}D- sl .LJ):‘\O Qw‘éa.djé)léﬂch.dr.k& okasOlis V,:.J_.a\_, ;:;)n

S

ns and * respectively indicate thenon-significant and significant at 95 percent confidential level. Numbers with different letters

indicate significant differences in different years.

Aoy S c1=—~ ST dl s A =y
g;.:stj;&w;w,.;b@m,qum\
o gy S 05 e 45 G0 0 313 QLS e X
Jsde) 5l Ol |y (guls pme GMastl 5550 ol 53
s
Wlie,e Gy b oSl ¥ S8 s
Cla..ajs D gae Ml gl b a4 by e
Lo Oge3l b bopSbe gm0 s iy b
05 4z gy s e c:l;: e Q.il\; Slals

S e Sy CUJ)\ sls Qi Jass Jle aw b

g

g 3 Shos
Gl I3 gme CMast] 4 3l OLES Y J s =W
SIS g3 Pl s amis Ay fB) aaile 5
Jle aw ﬁ)scﬁi\sﬁﬁs\,ﬂ)wf}ﬁlﬁ-
b g S O3 303 3sm g VENY LV Ee s
Ot e siS p g e s e glasles
Glacrr 3 G gl L Ol | Gobel I3 ns
Jlamt mlaw 3 VE0) 5180 Gladle s il
Lo G dlezt pmlae )3 V60 Y Jl 5o 5 Ao s

cb‘ﬂ)ﬁ Ve Jl ys © g CL&J)\ Sls olas Gl



... (Medicago sativa L.) a=gs 5 (Populus nigra 62/154) 0 bl cils o Sloe 5 Jlo (saiodgw b))
ﬁ)‘%€))ﬁjéﬂw)b\i'\ JL»:

CIAY L VENY de DL &;.w‘ j:aos ‘_;:‘L:.QU CIAY

JL,\_L;} sl QL..:.; \) CLL';J‘ (_)'lj:‘."'."".‘"’ fﬁw’:ﬂl"
C‘_,.u-v‘ 7“"‘"""’”:’.‘. ;fLA.LL.:”“."g_,...MS” . 4".’“-"""""4« . ‘J-Al?' g_,\...‘.S" W ).} QT

(Y S

Cudlsp Jl aw b s el 5 il ClS s wemip o ss b rte bl e Y d i

Table 3. ANOVA analysis of growth parameters of alfalfa in cultivation of sole and intercropping
during three years of research.

VoY Ve VEoe
2023 2022 2021 e
Sl mt
Sl e
4y a3 a3
R B Sl e o Sils ? ey S )_ . Sources of
F sl F &5 F &5 [Ea sl Variation
Mean square it Mean square o Mean square ot Vegetative
parameters
5 5l |
54.31™ 4060.45 61.46™ 5756.51 290.38™ 16338.81 e Cico
1 1 1 Plant height &
b oo Type of
Sis /PE O
1.43 1006901.87 5.08" 4481738.4 81.61™ 52809458.56 95 cultivation
Dry weight
5 Pig\]
5.97™ 446.41 5.18" 485.11 413 232.46 S
2 2 2 Plant height er
S0
0.147™ 103126.63 0.03" 23461.81 0.309" 199925.23 95 Harvest
Dry weight
5 Pig\]
741 553.99 5.69" 532.64 0.597" 33.57 S S o
Plant height —
2 2 2 o
ns ns S O Type of
0.3ns 208945.7 117 875306.75 0.63 407462 cultivation
Dry weight
Harvest

Sl s pde NS 5 s 55 40 Oluebs! CJM 03 ls g 1 (s 55 44 Ol C]a.~ 05 ls e e
**: Significant at the 99% confidence level, *: Significant at the 95% confidence level, and ns: Not significant.
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Figure 2. Alfalfa plant height in intercropping and sole cultivation during three years of harvesting
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Figure 3. Dry weight of alfalfa based on kg ha-1 in intercropping and sole cultivation during three years
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Figure 4. Alfalfa yield in intercropping and sole cultivation during three harvest years
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Figure 5. Comparison of efficiency and advantages of intercropping and sole cultivation of poplar with
alfalfa during three years
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Table 4. The cost of producing 1 ha of poplar plantation in the year of establishment (2019) at a

planting distance of 2 x 4 m

.\;—\} Cﬁa.;é
(Jli)IJs .LSLE L) sl NES P e 5 Sl glaay o Iy
To(':gialisr;ce Unit price ~ Number Unit Fixed and variable costs Row
(Rials)
s T e L]
120,000,000 120,000,000 1 ? TR 1
ha Land rent with water
32,000,000 8,000,000 4 ) ) 2
Truck Purchase of manure
565V A G AW 28 e s s
5S35 s, (e 53 LIS iy 5 J
15,000,000 10,000,000 15 Tractor work Distribution and spreading of manure 3
day (Loading on a tractor trailer and
transferring and spreading uniformly in the
field)
(Gros b o ) S as e Solweslel
05515 L8 s,
20,000,000 10,000,000 2 Tractor work (g oS o 4
day Preparation of planting field (one turn of
deep plowing, plowing, disc, leveling)
55515 8 S0 IS Sl 5 ey 5 s s
15,000,000 10,000,000 1.5 Tractor work  Construction of a furrow and digging holes 5
day with a tractor
Ny PN
75,000,000 60,000 1250 o Je 7 6
Individuals Buy seedlings
L 33) us 00 50le V/0 55 5LSS 55, sl ok
ESESES g 3
55,000,000 1,000,000 55 A3 - _ 7
Irrigation once every 4 days in 7.5 months
Day person- . - .
and 55 times (two pieces at the same time
labor .
per day by one irrigator)
-5 &
¢ SO Ll ls Slaoslel
12,000,000 1,000,000 12 A8 SR I S S SO 8
Day person- Preparation of irrigation paths and potting
labor
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Continued table 4.

Ay S
G Es ) 3hiss s e 3 ol slaay 3 i3,
To(ﬁ:alisr;ce Unit ;)rice Number Unit Fixed and variable costs Row
(Rials)
- A
9,000,000 1,500,000 6 S S5z Al 9
Day person- Motorized lawn mower
labor
- Ja A&
21,000,000 1,000,000 21 S8 e S8 e 10
Day person- Manual weeding
labor
50,000,000 : - - Sran S 5 558 Jles 11
Consumable agricultural and working tools
424,000,000 162,560,000 S &
Total

0 st 53 Jby Llpa £0vr (535, SIS L s
Clls g el Sldes ause Ll sl Ll
s iS5 (el 5 038 s (s S08)

(0 JJJQ-)MJ))IJ{ dLa)S dj;-lv\-/’

pye 681 pallt 5 ads CiS slaas s

Populus nigra) Yl edimdol IS (g5 55
Solele s Slidss oKl Ll 5 s (62/154
a0 0033 Al o e Yxt SllS Aol b as sl

di:il:; U.EJL;- CM.:;SJJ ol (bu‘ oA )‘J\.s.ﬁ

sl gore ghas SO L pss il 5 alls ClS glaaypa dlows 5 los) Gla S5 -0 Jsir
Table 5. Vegetative characteristics and the costs of intercropping and sole cultivation of poplar with a daily
worker payment of 4500000 Rials.

5ol Olles aga

s (S SN8) Ll P eE 00
- NJ_}?Q)} _(.") L"..ih - . e . .
Osdee) (oWl 5 05 S < =L N = Sy b glis| Sils 5 LAl s
BICEIgN - > _
. . /10 [ESE LV e ) U .
(s N S WU = 5
The cost of iNoo;i WQ?@’;??) o volume Oksa s dial;‘neter at  Height Inte:croplping a?d
i reast sole culture o
Harvesting operations WOt per  ha ons) = (m¥halyean) MOWme i, ) popolar
(labor, weeding and ha (kg) volume x
irrigation) (million 0.65
Tomans)
A e
25.2 537.32 0.54 0.83 2.48 3.34 3.87 sole culture of
poplar
s gt g g
495 157.92 0.16 0.24 0.73 212 263

Intercropping
poplar+alfalfa
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Table 6. Total costs (seed purchase, maintenance and harvest operation) of alfalfa crop in 2023 in
intercropping culture.

cdls y olles J)“’”
Laas s Cf-&\ - . . I
LA (g o) > o P
(055 0ok Cost of Ly opke)  ORFOAD LS (S N
) = 5
Total costs harvesting Cost of Cost of seed purchase  Nymber of Fodd
(million operations maintenance (million Tomans) seed % erf
Tomans) (million (million Tomans) consumed (kg) product o
Tomans) alfalfa
243 8.1 16.2 0 0 T
Al falfa

Y Jodr) dal sy 0o g5 O geks

Mg el 5 il gl s foorms amls |y
goomes LS 3 Ay A5 Glaaysa fsame 5 5o

g Jyame 5 pyeo M5 glaaza IS ¢ seme -V sr
Table 7. The sum of the production costs of poplar and alfalfa crops

J Mo claas >
33 by IS paame I RS SERS Lo

03 pgee Mg Clil s o olles

e e (0l Ok 5 s i (S5 0 bt) i S
(Bl 55 O gekee) LSn f f
Total costs per ha Total production costs of Operation of maintenance and Ty_pe 0 Type o

o P alfalfa per ha (million harvesting of poplar per ha cultivation crop
(million Tomans) il
Tomans) (million Tomans)
B ERUNLY LAl s
B
252 0 252 Sole culture of poblar
poplar P
Tl i st e
73.8 243 49.5 ) . Poplar +
Intercropping alfalfa
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Table 8. Economic profit obtained in intercropping and sole culture in 2023

4 it e A 5o Ll 5 upm 03 fge gl 5SB
Poplar+alfalfa Poplar Effective factors in cost and income
s s 0 S o 3 Shas
157.92 537.32 G 2 £ 550 5o s
Poplar yield (kg/ha)
L , . L -
120000 120000 (L) psve s (B e
Price of poplar wood (Rials)
Alfalfa yield (kg/ha)
L . .
69926 ) (J,))A?U}}.LJMW
price (Rials) Alfalfa
19 6.45 (Ol Osdon) pso s s 51 b Ll el s
' ' Gross income from sale of poplar wood (million Tomans)
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