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Introduction

Today, agriculture faced various challenges, such as the inadequate agricultural products for growing human
needs, in other words, step down of food security, reduction of productivity, economic justification, the
competitiveness of agriculture, etc. On the other hand, the excessive use of agricultural inputs, especially water,
fertilizers, and pesticides, excessive pressure on natural resources along with the consequences of climate change
has affected the sustainability and stability of agroecosystems. Intercropping the agricultural practice of growing
two or more species on the same farm at the same time has been emphasized by many researchers around the world
as one of the ecological approaches for crop production as an effective technique for achieving sustainable
agricultural goals. Therefore, the objective of this research was to agronomic and economic evaluation of
intercropping patterns of three different crops.

Materials and Methods

To compare sole cropping and intercropping systems of barley, fenugreek, and garlic, a field experiment was
conducted in 2016-17 at the Research Farm of Gonabad University based on a randomized complete block design
with three replications. Experimental treatments consisted of sole cropping of barley, fenugreek, and garlic; and 4
replacement intercropping series as barley + fenugreek, barley + garlic, fenugreek + garlic, and barley + fenugreek +
garlic. Studied traits included dry forage yield, plant height, 1000-seed weight, biological yield, seed yield, and
harvest index in barley, dry forage yield, plant height, pod number per plant, seed number per pod, 1000-seed
weight, and seed yield in fenugreek, plant height, leaf number per plant, clove length, clove diameter, clove number
per plant, and bulb yield of garlic. In this research, intercropping advantage indexes included land equivalent ratio
(LER), actual yield loss (AYL), system productivity index (SPI), intercropping advantage (IA), and relative value
total (RVT) were calculated. Analyses of variance were carried out at p<0.05 using SAS 9.1 software. The means
were compared using Duncan's multiple-range test.

Results and Discussion
The results indicated that the highest values of dry forage yield (8523 kg.ha), seed yield (3494 kg.ha), and
biological yield (14111 kg.ha) of barley were achieved from the sole cropping system. Among intercropping
treatments, the highest dry forage yield (6109 kg.ha!) was achieved from barley + fenugreek. While the highest seed

1- Assistant Professor, Department of Agricultural and Natural Resources, University of Gonabad, Iran.
2- Assistant Professor, Department of Agriculture, Payam Noor University, Tehran, Iran.
*Corresponding author: m.eshghizadeh@gonabad.ac.ir



https://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about
https://agry.um.ac.ir/journal/about
https://orcid.org/0000-0002-3367-7064
https://orcid.org/0000-0002-8753-2493
https://doi.org/10.22067/agry.2021.20274.0

1F) 50l Yo lods OF ol ((g5,9Lis 5.»‘»..» P9 A yuad ¥&A

yield (2709 kg.ha*) and biological yield (11081 kg.ha) were obtained from barley + garlic intercropping. There
was no significant difference between sole cropping and intercropping systems about yield components such as the
plant height, 1000-seed weight, and harvest index of barley. The plant height, the number of pods per plant, and the
number of seeds per pod showed the highest value in the sole cropping system, although there was no significant
difference between sole cropping with fenugreek + garlic intercropping. The seed yield (1145 kg.ha?) and dry
forage yield (5100 kg.ha*) of fenugreek in sole cropping were significantly higher than intercropping patterns. The
garlic +fenugreek intercropping treatment with 4090 kg.ha dry forage yield and 569 kg.ha? seed yield had the
highest values among intercropping patterns. Yield components of garlic included the plant height, number of leaves
per plant, clove length and diameter, and number of cloves in the plant had the highest value in sole cropping;
however, there was no significant difference between sole cropping and fenugreek + garlic intercropping. The
highest value of bulb yield (7194 kg.ha™) was obtained from sole cropping and garlic + fenugreek intercropping
with the value of 3381 kg.ha! ranked in second place. Among intercropping advantage indexes, the highest value of
the land equivalent ratio (1.16), actual yield increase (0.30), and system productivity (8414) was achieved from the
barley + garlic intercropping system. The highest value of intercropping advantage (0.02) and relative value total
(1.27) was obtained from fenugreek + garlic and barley + fenugreek, respectively.

Conclusion

According to our findings, intercropping systems of barley + fenugreek and fenugreek + garlic can be selected as
an appropriate approach for planting these crops to produce more forage than sole cropping. The results also indicate
the better utilization of barley from intercropping advantages than other species and its competitive superiority in the
use of environmental resources and economic yield enhancement. Based on the findings of this research,
intercropping barley with garlic and fenugreek is an appropriate approach for the increase of land use efficiency and
economic profitability that . Overall, among cropping systems, the barley-garlic intercropping system had more
advantages.

Keywords: Advantage, Forage yield, Land equivalent ratio, Seed yield, System Productivity
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Table 2- Analysis of variance (mean of squares) of measured traits of barley under the influence of intercropping

patterns
5 . 3 ,Shos ol
) gl > W g5, Al e
S5 ole . P EW, S Ol 413 5 ySlos e
»Swoc\-’/ !5 Suiis Plant 1000-seed Bﬁ”’_”l seed yield :""’*t
SV . height weight lologica arves
df Dry forage yield g g yield i dex
Rep;'i’;tion 2 7041713 307.02" 96.13" 48123313 6265118  45.63™
cuiS g5
Cropping 3 14593865™ 85.951 15.17" 23222131 1684305 2.06"
pattern
EurarZr 6 835933 47.16 28.33 33182604 379343 14.49
"'Cf\*;‘ (j;)”’ ; 153 8.8 16.8 14.1 241 16.1
0

Ll go 40 gize s (glimedy NS fho > S g do > iy Jloin] s )3 (09 510 gize 00020 LS iy sk g %
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant
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Table 3- Mean comparison of measured traits of barley under the influence of intercropping patterns

cuiS 5551 M.&aé,lca,_ﬁos Q,,J,ya,ﬂw maa,s_.u
. Dry forage yield Biological yield Seed yield
Cropping pattern (kg.ha) (kg.ha) (kg.ha'))
52 el s 8523° 141112 34942
Sole barley
M+ g gl S5 6109 9050 2331%¢
Barley + fenugreek intercropping
st by S5 605" 11081 2709
Barley + garlic intercropping
o bt ¢ g2 byl ci8 3134¢ 2709° 1702¢

Barley + garlic + fenugreek intercropping

ol 2oy gy Jlosin] aws 53 (65l I ixe gl dgzg pae osimdlis (SO g0l il cygi sb 4> wlie by
Means followed by similar letters in each column are not significantly at the 5% level of probability based on Duncan's test
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Table 4- Analysis of variance (mean of squares) of measured traits of fenugreek under the influence of
intercropping patterns

s gl @R Syl Wy U sl PR &1 L5 &5 adgle 3,Slos 515 5.5
"S“ o V &3l Plant No. of pod per No. of &y 1000-seed Sis Seed yield
T d.f height plant seed per pod weight Dry forage yield
)l’&) 2 10.96™ 0.58™ 0.16™ 0.03™ 30033" 156.3™
Replication
culS g6
Cropping 3 425.3™ 22.37" 15.72™ 0.71m 12996315™ 597835™
pattern
s
Error 6 7.48 0.91 0.94 0.28 222339 1535
Syt - 8.0 12.9 17.3 4.3 16.7 7.4
CV (%)

il oo o pze puf (slimedy NS o> S g duoyd oy Jlain] o )3 (091 )5 gixe oiad )Ll i ey e g %
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant
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Table 5- Mean comparison of measured traits of fenugreek under the influence of intercropping patterns

2iS 5551 Qg gliiy)  Aigr M AMEdaal S b dlanl SiS adgle dSles Al 3 Slos
Cropoing pattern Plant height No. of pod per No. of seed per Dry forage yield Seed yield
ppINg p (cm) plan pod (kg.ha'L) (kg.ha'l)
Akid el i 46.9° 9.42 7.1° 5100° 11450
Sole fenugreek
Al + g2 byl el 24.3" 5.20 3.9 1206¢ 250°
Barley + fenugreek intercropping
At byl 25 41.7° 10.1° 8.0° 4090° 569°
Fenugreek + garlic intercropping
o+ ALLLS + > bl cuiS . i i d
Barley + garlic + fenugreek 23.7 4.9 3.4 928¢ 156

intercropping

el o> gy Jleis] pdaw )3 (gylel I ime iglis dgag pas osimd L5 S ygeil elel g e ya pd alie gy
Means followed by similar letters in each column are not significantly at the 5% level of probability based on Duncan's test
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Table 6- Analysis of variance (mean of squares) of measured traits of garlic under the influence of intercropping

patterns
- o . _ . . 90 A LKeY)
ool qolia 2P Gyl SppSpalad g Jsb d e skl oy 38es
SOV L1 Plant No. of leaf per Clove Clove : Cow
e Df height plant length diameter No. ng;?]\t’e PEr Bulb yield
)l)& . 2 69.8™ 1.04" 4.08" 14.43™ 0.01" 671607"™
Replication
OFLPRI]
Cropping 3 410.8* 6.30" 59.88" 75.8" 477" 14474302
pattern
s
6 24.8 0.35 231 13.44 0.87 182040
Error
el - 129 8.2 6.6 21.6 8.9 125
CV (%)

Al go I pixe e (Glimedy NS Lo > S g duoyd gy Jloin] s 3 (050 0 gime 0did yLiid G ey s g
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant
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Table 7- Mean comparison of measured traits of garlic under the influence of intercropping patterns

3D Sy dland

JLE YW IKEY)

S oSl Wy g . 4 e Jgb oyl . Cow 255os
s . &g . EXPY .
. Plant height : Clove length  Clove diameter : Bulb yield
Cropping pattern (cm) No. of leaf (mm) (mm) No. of clove (kg.hat)
per plant per plant
e el 8 45.5° 8.72 27.3 22.3 7.72 6494°
Sole garlic
st 2 bglo S 29.4° 5.70 19.3° 12,5 5.9b 2372¢
Barley + garlic intercropping
Al 4w bglbre cuis
Fenugreek + garlic 40.92 8.12 26.0° 20.18 8.32 3381°
intercropping
o+ Allis + g bglse cuss’
Barley + garlic + fenugreek 28.7% 6.1° 18.7° 12.8b 5.8P 14394

intercropping
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Means followed by similar letters in each column are not significantly at the 5% level of probability based on Duncan's test
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Table 8- Land equivalent ratio (LER) of intercropping patterns

bgls CulS 55!

Intercropping pattern

LERb LERs LERy LER

Al + g bl s’
Barley + fenugreek intercropping
oo+ 9> bl cusS
Barley + garlic intercropping
Fenugreek + garlic intercropping
o+ A + > bl cuss
Barley + garlic + fenugreek intercropping

0.64 0.22 - 0.86

0.79 - 0.37 1.16

- 0.50 0.52 1.02

0.48 0.14 0.22 0.84

s 9 4blid > (S5 e s plp G 54 :LERg 5 LERF LERb
LERs, LERy, and LERg: Partial and equivalent ratios of barley, fenugreek, and garlic, respectively.
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Table 9- Actual yield loss (AYL) of intercropping patterns

byl cuiS 5551 AYLo AYL: AYLy AYL
Intercropping pattern
Sk + g gl 5 027 056 -  -029
Barley + fenugreek intercropping
st g byle 57 057 -  -027 030
Barley + garlic intercropping
Aded e byl S5 - 00l 004 003
Fenugreek + garlic intercropping
st Al g bgbo i 044 059 -033 -0.48

Barley + garlic + fenugreek intercropping

AYLb, AYLy, and AYLg: Actual yield loss of barley, fenugreek, and garlic, respectively
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Table 10- System productivity index (SPI) of intercropping patterns
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Table 11- Intercropping advantage (IA) and relative value total (RVT) in intercropping patterns
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