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Introduction

Garlic (Allium sativum L.) and black seed (Nigella sativa L.) are medicinal plants with diverse applications.
Intercropping, a sustainable agricultural practice, can enhance land productivity, reduce pests and diseases, and
improve soil fertility. This study aimed to investigate the effects of different intercropping ratios and sowing
methods on garlic yield and physiological traits by creating a favourable microclimate. The experiment was
conducted in Dezful, Iran, a region with a semi-arid climate, to evaluate how these factors influence garlic
growth and productivity. The study focused on optimizing resource use efficiency and understanding the
competitive dynamics between garlic and black seed in mixed cropping systems.

Materials and Methods

The study was conducted during the 2021-2022 growing season in Dezful, Iran, at 32°16" N latitude and
48°25' E longitude, with an elevation of 82.9 meters above sea level. The experiment followed a randomized
complete block design with three replications. Treatments included combinations of four sowing methods (ridge,
furrow, ridge-furrow, and flat planting) and five intercropping ratios (100% black seed, 75% black seed + 25%
garlic, 50% black seed + 50% garlic, 25% black seed + 75% garlic, and 100% garlic). The volume of the garlic
bulb was measured using a graduated cylinder containing a specific amount of water. By submerging the garlic
bulb into the graduated cylinder and recording the increase in the water volume, the volume of the garlic bulb
was calculated. Garlic cloves were pre-chilled at 4°C for five days before planting. Black seed was sown at a
depth of 1 cm, and garlic at 3.5 cm, with row and plant spacings of 50 cm and 12 cm, respectively. Fertilization
included 125 kg.ha* of nitrogen (applied in three stages) and 100 kg.ha'* of phosphorus. Irrigation, weeding, and
thinning were performed as needed. Measured traits included leaf area index (LAI), chlorophyll index (SPAD),
plant height, leaf dimensions, stem diameter, bulb volume, clove number, bulb weight, and yield. Data were
analyzed using SAS software, and means were compared using the LSD test at a 5% significance level.

@ Authors retain the copyright.This is an open access article distributed under Creative
Commons Attribution 4.0 International License (CC BY 4.0).
BY

4. https://doi.org/10.22067/agry.2025.95173.1251



http://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about
https://orcid.org/0009-0002-7379-3673
https://orcid.org/0000-0002-0759-8768
https://orcid.org/0009-0005-9336-4085
https://orcid.org/:%200000-0002-8427-0002
https://orcid.org/0000-0003-0838-198X
mailto:alirezaabdali@asnrukh.ac.ir
https://doi.org/10.22067/agry.2025.95173.1251
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/agry.2025.95173.1251
https://doi.org/10.22067/agry.2025.95173.1251

\F-¥ ﬁb Yoyl Y ol (55 9lis G.»LI.& P9 A yuiad O\

Results and Discussion

The results revealed significant effects of intercropping ratios and sowing methods on garlic traits. The
highest garlic yield (15,003 kg.ha) was achieved in sole garlic cultivation with the ridge-furrow method
(Grr100), followed by flat planting (Gpi00) and furrow planting (Grio0). Mixed cropping with higher black seed
ratios (75%) significantly reduced garlic yield, indicating intense interspecies competition.

« Leaf Area Index (LAI): The highest LAI (0.200) was observed in the treatment with 75% black seed in
furrows and 25% garlic on ridges (Brrs+Grzs), while the lowest LAI (0.023) occurred in the 25% black seed +
75% garlic ratio on ridges (Brest+Grys). « Chlorophyll Index (SPAD): The highest SPAD value (61.4) was
recorded for black seed on ridges and garlic in furrows (Brsst+Gras), suggesting better light and nutrient
conditions in this arrangement.

+ Bulb Traits: The highest bulb weight (66.7 g) and volume (101 cm3) were observed in sole garlic under flat
planting (Gp10o). Intercropping, especially with high black seed ratios, negatively affected bulb traits.

« The highest stem diameter of garlic was observed in flat planting of garlic (Gpioo0), while most of the ridge
planting treatments showed smaller stem diameters.

* Yield: The ridge-furrow method (Grric0) outperformed other treatments, likely due to improved soil
aeration and reduced competition. Mixed cropping at a 50:50 ratio with black seed on ridges and garlic in
furrows (Brsot+Grso) showed the lowest competition index (0.50) and the highest land equivalent ratio (1.20),
indicating efficient resource use.

 The lowest competition index and the highest land equivalent ratio (LER) were observed when black seed
was planted on ridges and garlic in furrows, with an equal plant ratio (50%-50%).

Conclusions
The study demonstrated that sole garlic cultivation, particularly in ridge-furrow or flat planting systems,
maximizes yield and bulb quality. However, intercropping garlic with black seed at a 50:50 ratio, with black
seed on ridges and garlic in furrows (Brso+Grso), Offers a sustainable alternative by balancing yield and resource
efficiency. This arrangement minimized competition and optimized land use, making it suitable for farmers
seeking diversified and economically viable cropping systems. Future research should explore nutrient
management and irrigation strategies to further enhance the productivity of intercropping systems.
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Table 1- Meteorological parameters during the study period (2021-2022)
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Table 3- Description of experimental treatments
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B: Black Seed, G: Garlic, R: Ridge, F: Furrow, P: Plane
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1- LER = Land equivalent ratio
2- Cl = Competition index



\F-¥ ﬁb Yoyl Y ol (55 9lis G.»LI.& P9 A yuiad O\F

o 0LS 33 ailojl Wlhio (uily,lg 3IUT-£€ Jgus
Table 4- Analysis of variance for the traits examined in garlic

Olapo (w0ke
db).!

S5 e > Mean of squares
PSS ol T omls ol S i) S s Spslas Splb Spois Mlekl lyere ke i
o d.f Sy Jdg 5 Plant  No. of leaves per  Leaf Leaf Stem Bulb  Number of cloves per
LAI SPAD height plant length  width diameter  volume Bulb
)l_’s_ 2 0.0001™ 3427 1.21m 12.5™ 11.6™  0.096™ 0.039™ 42.3™ 13.9™
Replication
et 15 0.014™ 25.0 27.7 42,2 21.1"™ 0.246"™ 0.067* 674™ 73.47
Treatment
ELB 30 0.0002 56.8 26.7 5.13 274 0.232 0.028 26.6 12.2
rror
R 14.8 13.0 8.68 12.9 10.9 195 13.7 7.42 17.0
CV (%)

o gy 5 S Jlein ]l waw )3 )b xe g oy S Jloin ] a3 o dme I3 Gre pf i iy K g FF
™ “and"™: respectively indicate significance at 1%, 5% level and non-significance.
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Intercropping ratios and sowing methods
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Fig. 1- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the leaf
area index of garlic (LSD= 0.026)
i I3 e ] gy 3l jiie doyd B gdaw 13 LSD e 5l ] M1 oS oo ik
Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (4tiy (59 p cuils) yow duoyd 0+ + dliabus Ao y> 0+ :BREO+GRO0 (ansy 55y p cuislS) yow Lo )3 Y0 + dilinlow 20y5 VO :BR75+GR25

CulS) yow Lo )3 VO + wilialuws Lo yd YO BF75+GR25 (4wsy (59) p cuslS) yuw (ol S :GR100 ((disy 55y pr culS) youw VO o3 + dilinlow duoys YO
3o YO BF25+GR75 (4uiy (59) p o 9 59> 53 Slinluw €ilS) pw 2oy 0+ + dlhialuw 1o )3 0+ :BFS0+GR50 4y (69 p pow 9 595y dlinlos
2 g g &y (53 p Shalw CullS) ps o) VO + dliales o) YO BR75+GF25 (diiy (59) p o 9 555 50 ailiabus cuslS) yow 2o )d VO + shialow

ClS) s 1o )3 YO + dilialus 1o )3 YO BR25+GFTS (555 )3 yow 5 4y (595 2 ailaluw cuilS) pow 2o yd B+ + dilialus 2o y> 8+ :BRSO+GF50 ((s5»

{gdame i) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 ((s5n 13y cdlS) yuw (2l S :GF100 (s55 ) yuw g dtdy 59y 2 &l

o ) i :GP100 (pawe cuiS) pow duoyd YO + dlinlus b yd YO :BP25+GPT75 (pdaws cuiS) yuw duoyd 8+ + dilialus s ys &+ :BP50+GP50

Aty 3> 9 g9y CulS) po Lalb S -GRF100 (pdaws cuss)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in

furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 2- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the SPAD
of garlic (LSD=12.5)
s I3 gxe BB clyls (il yid duoyd O aw ;5 LSD jlade I o] M3 o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auiy (595 p cdlS) yow duo)d e + alialuw duoyd 0+ BRE0+GR50 (ausy (g9 p cuslS) yow diopd Y0 + shinlw Loy VO :BR75+GR25

Sy dio )3 YO + &ilialus oy VO BF75+GR25 (atiy 59y p cdlS) juw (ol csS :GR100 (aniy g9y 50 cudlS) pows YO duoyd + dilinlows Lo p> YO

S yd va :BF25+GR75 ‘(M $9) 2 jow 9 L9 ) AJI.LmL.w wls) o o yd by + AJlA.mL.uJ Lo yd o+ :BF50+GR50 «(M $9) 2 yw 9 L9 ) AJI.LQL:.M:

2 g g didy (53 p Shalw CulS) ps o) VO + dlialus o) YO :BR75+GF25 (diiy g9) » o 9 555 50 diliabus CislS) pow 2uo)d VO + whialow

CublS) s Ao )3 VO + dilialus 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 ailals cudlS) pows 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
{gdame CuiS) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 (s5n 13y cdlS) juw (2l s :GF100 (555 )0 youw 5 ity 59y 2 dilialias
o 2l €S :GP100 (awe cuiS) pow duoyd YO + wlials 2o yd YO :BP25+GPT5 (plaue cuiS) yuw duoyd 8+ + dilialus o yd b+ :BPS0+GP50
4y 9 g5y CulS) o (alB S -GRF100 (glawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods

Fig. 3- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the Plant
height of garlic (LSD=8.26)
At I3 gme IS (clyls sl yit Mo yd O prdaw 1> LSD laie 5l ol sl &S ol nSSbe
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (dniy g9y y» cudlS) yow 2o p3 0+ + ilinlow 1o)d 8+ :BRE0+GR50 (asy (69, p cdlS) yow Loyd> YO + dilinlws 2o y> YO :BR75+GR25
CulS) yaw Lo > YO + dilialaw oy VO BF75+GR25 (atiy 59y pr cudlS) yuw (2l cuss :GRI00 ((aniy (g9, 5 culS) o YO duoyd + dilialows 1o )3 YO
Lo yd YO BF25+GR75 (ansy 59y o 9 595 50 dlialaw cillS) yow oy 0 + ailialuw duoyd 8¢ BFS0+GRS0 (4isy 59y p gy 5 595 ) Shinlow
P g g Aldy (£9) 2 Slinl S s 2o yd YO + dlialus 1o > VO BR75+GF25 (4iiy 9y p a9 59> ) alialas cilS) pow 2o )3 VO + ilinluw
CuslS) yow Ao )3 VO + dilinlows 20> YO :BR25+GFT5 (695 ) yuw g didy (59) p2 dhialw CidlS) o duoyd 0+ + dilanlus 10> 0+ :BR50+GF50 54>
{rdams i) yow du0yd YO + ilialow 2o )d VO BPT5+GP25 (55 10y cdlS) juw 2l i :GF100 (555 ) youw 5 4ty (g9 2 &lialiaw
o ol cuiS :GP100 (pawe cuiS) pow duoyd YO + dlinlus duoyd YO :BP25+GPT75 (pdaus cuiS) yuw duoyd 8+ + dilialus s y> &+ :BP50+GP50
Aty 3> g g9y CulS) po (alb S -GRF100 (pdaws cuss)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 4- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
number leaves per plantof garlic (LSD=3.77)
A I3 gxe BB clyls (il yidas o yd O aw ;5 LSD jlade I ol 3Ms ] o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (dniy g9y y» cudlS) yow 2o p3 0+ + izl 1o)d 8+ :BRE0+GR50 (ansy (9, p cdlS) pow Loyd Y0 + dilinls 2o y> YO :BR75+GR25
CulS) yaw dio )3 YO + dilialas oy VO BF75+GR25 (atiy 59y pr cudlS) yuw (2l s :GRI00 ((aniy (59, p culS) o YO duoyd + dilialows Lo )3 YO
2o yd YO BF25+GR75 (ansy (59 o 9 595 50 dilialaw cillS) yow oy 8¢ + ailialus duoyd 0+ BFS0+GR50 (asy (59 p o 5 595 ) Slinlow
2 g g dildy (53 p Shalw CulS) ps o) VO + dlialus o) YO BR75+GF25 (diiy (g9) » o 9 (555 50 ailiabus slS) pow 2o )d VO + shialow
CslS) yow Ao )3 YO + dilimlows 20> YO :BR25+GFT5 (595 ) yuw g didy (59) p2 hials CidlS) o duoyd 0+ + dilanlus 10> 0+ :BR50+GF50 55>
{rdams i) yow du0yd YO + ailialow 2o )d VO BPT5+GP25 (55 15y cdlS) juw 2l i :GF100 (555 ) youw 5 4ty (g9 2 &l
o ol S :GP100 (pawe cuiS) pow duoyd YO + dlinlus duoyd YO :BP25+GPT75 (pdaws i) yuw duoyd 8+ + dilialus dusys &+ :BP50+GP50
Aty 3> 9 g9y culS) o (alb S -GRF100 (pdaws cuss)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).

Lo o slajlos pluw 4y Cus 6y 3 Slas (oo Laylyis osalS bMA] glacuws o dlmbus joyd ili8l L (IS 5o
CidS 50 iy (69> pimaw 45 4B o Ui ols opl bl P 0psds) yw L2l culS &S gysbdy 3,5 sanlin Sy ol



\F-¥ ﬁb Yoyl Y ol (55 9lis G.»LI.& P9 A yuiad dY

2 lejles ey (F Ji2) 855 )18 Jlojl sloless b
Lo Sle dgy (g i o ixe duoyd iy (6 )lol o
LM sl Cond yd do]JJbL_w (ks uwl)_‘)‘ L &S Sy ui o..\‘.m.)ul.wu
Cowl azdl yials Sy Job o pd YO 9 0+ sl ) o394
CoS o olS a8 05l 09 g Jloin] cpl ¢ IS 655 p0 (0 JS3)
dode Sy Ay sl cwl (Sen wilialaw b o) byl
Sy awyy pd A plaid] Sy Job w4 iy |y ole

¥ ohieed ceS1 10 Sy Jabo o) calises blis 1 oS

DO/F 5+ ) s i j3 Sy Jsbo s atels g o ol
(Akbarpour et al., 2021) 54 yuiie yio il

53S0 G e By 9> Sy 0l Lloday sl (S Lglse
sbds sl glgil Cot yow dg 10 Sy ol Audss p bl
Immatong ) sg (sald) padke pas bylys 51 5V gyl xe
LSl ML L e bglses S zbojl 5 (& Elias, 2025
Elshamy ) coily pw S poliss p (g)b bz I cusls calizes
15U coss ag el 4yl 4 4595 L (& Abd El-Aty, 2021
Cowlus dig 10 S p ol &5 €85 aoed (g o0 g0 bdjlos
OB )3 sy Sa 3 e (LS wlalis b By 4 (i
as S P LYY jlass 10 Sy oliw (o ol S

(Kakaei, 2023)

CoS Gyl psbody yw olS S Jobo o 1S Jobo

— 60 753 515 511 501
\‘_E’/ 50 - 48.8 48.6 48.3 48.2 47.6 47.1 46.8 46.8 453 451 444 134
S 40 -
(=)}
5 30 A
= 20 A
3 10 -
0
2 S b b DR D
C$\<z3 é‘” § 6\ &S SEEE S SIS
Vo A % > N
W O T TE S

Intercropping ratios and sowing methods
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Fig. 5- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the leaf
length of garlic (LSD= 8.73)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (disy (g9 y cdlS) yous 2o )3 B+ + liabuw doyd B+ (BREOFGRO0 (s 59y pr cusslS) yow Lo pd YO + dilinlow 2u0y5 VO :BR75+GR25
CulS) yow Lo )3 VO + ailialuws Ao yd YO BF75+GR25 (awsy (59) p cuslS) yuw (ol S :GR100 ((dnsy 55y yr cuilS) youw VO o3 + dilinlow duoys YO
3o YO BF25+GR75 (4uiy (59) p o 9 59> 53 Slialuw €ilS) pw 2oy 0+ + slhialuw 1o )3 0+ :BFS0+GR50 4y (59 p pow 9 555 5 dlinlos
2 g g Ay (£9) 2 Slinl S s 2o yd YO + dliales 1o > VO BR75+GF25 (4iiy 9y p a9 59> 0 alialas cilS) pow 2o )3 VO + ailinluw
CuslS) yow Ao )3 YO + dilimlows 20> YO :BR25+GFT5 (555 ) yuw g didy (59) p2 hials CidlS) o duoyd 0+ + dilanlus 10> 0+ :BR50+GF50 55>
{rdams i) yow du0yd YO + ilialow 2o )d VO BPT5+GP25 (55 10y cdlS) juw 2l i :GF100 (555 ) yow 5 4ty (g9 2 &l
s )8 S :GP100 (e cuiS) pow duoyd YO + dlialus b yd Y0 :BP25+GPT5 (plawe i) yuuw duoyd 8+ + dilialus o yd b+ :BP50+GP50
(4t 9 g5y ) o (B S GRF100 (glae cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 6- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the leaf
width of garlic (LSD= 0.804)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (disy (g9 y cdlS) yows 2o p3 B+ + wliabus doyd B+ BREOFGRSE0 (s 59y pr cuislS) yow Lo pd YO + dilinlow du0y5 VO :BR75+GR25
CuslS) yow Lo )3 VO + ailialus Ao yd YO BF75+GR25 (awsy (59) p cuslS) yuw (ol cusS :\GR100 ((disy 55y pr culS) youw VO o> + dilinlow duoys YO
203 YO BF25+GR75 (4uiy (59) p o 9 59> 50 Slanluw €ilS) pw 2oy 0+ + slhialuw 1o )3 0+ :BFS0+GR50 (disy (59 p puw 9 55> 5 dilinlos
P g g Ay 59y 2 Blinla S s 2o yd YO + dlialus 1o > VO BR75+GF25 (aiiy 9y p yaw 9 9> ) alialas cilS) pow 2o > VO + ailialuw
CublS) o do )3 VO + dilialus 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 p ailals cudlS) pows 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
{gdame CuiS) yous a0 yd YO + wilialw 2o )d VO BP75+GP25 (s5n 13y cdlS) yuw (2l S :GF100 (555 ) youw 5 iy 59y 2 dilialias
o ) S :GP100 (e cuiS) yow duoyd YO + dlials b yd YO :BP25+GPT75 (plawe i) yuw duoyd 8+ + dilialus o yd b+ :BP50+GP50
(4t 9 g5y ) o (B S GRF100 (glae cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods

Fig. 7- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the stem
diameter of garlic (LSD= 0.283)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (ausy 59y p cislS) yow duo)d 8¢ + alialuw duoyd 0+ BRE0+GRS0 (dnsy (59 p cuslS) yow 2o pd Y0 + shialw 1oy VO :BR75+GR25
ClS) yaw Lo )3 YO + dilialuw oy VO BF75+GR25 (atiy 59y p cdlS) yuw (2l s :GR100 (aniy (59, p culS) s YO duoyd + dilialows Lo )3 YO
Lo yd YO BF25+GR75 (ansy 59y o 9 595 50 dlialas ¢illS) yow oy 0 + ailialuw duoyd 8¢ BFS0+GRS0 (4isy 59y p o 5 595 ) Shinlow
2 g g &y (53 p Shalw CullS) ps o) VO + dliales o) YO BR75+GF25 (diiy (59) p o 9 555 50 ailiabus cuslS) yow 2o )d VO + shialow
CblS) s 1o )3 VO + dilialus Lo )3 YO BR25+GFTS ((s55 ) yow 5 4ty (59 p ahaluw cuilS) pow 2o yd B+ + dilialuws 2o y> 0+ :BRSO+GF50 (s5»
{rdams i) youw Ju0)d YO + ilialow 2o )d VO BPT5+GP25 (55 10y cudlS) juw (2l <t :GF100 (555 ) youw 5 4ty (g9 2 &l
o ol €S :GP100 (pawse cuiS) pows dopd VO + dlinlus Lo y> YO :BP25+GP75 (pdass w.uf) o 20 )3 B+ + dlialows 2o yd 0+ :BPS0+GPS0
BR75+GR25: 75% black seed + 25% gallc (Sowmg on rldge), BR50+GR50. 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 8- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the bulb
volume of garlic (LSD= 8.60)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (disy (g9 y cdlS) yows 2o p3 B+ + wliabus 1o yd B+ (BREOFGRO0 (s 59y po cusslS) yow Lo pd YO + dilinlow 20 yd VO :BR75+GR25
CulS) yow Lo )3 VO + wilialus Lo yd YO BF75+GR25 (awsy (59) p cuslS) yuw (ol S :GR100 ((dniy 55y pr cuilS) youw VO o3 + dilinlow duoys YO
3o YO BF25+GR75 (4uiy (59) p o 9 59> 53 Slialuw €ilS) pw 2oy 0« + slhialuw 1o )3 0+ :BFS0+GR50 (disy (59 p pow 9 595 5 dlinlos
P g g Aldy (£9) 2 Slinl S s 2o yd YO + dlialus 1o > VO BR75+GF25 (4iiy 9y p a9 59> ) alialas cilS) pow 2o )3 VO + ilinluw
ClS) s 1o )3 YO + dilialus 1o )3 YO BR25+GFTS (555 )3 yow 5 4y (555 2 ailalus cuilS) pow 2o yd B+ + dilialuws 2o )y> 0+ :BRSO+GF50 (s4»
{gdame i) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 ((s5n 13y cdlS) yuw (2l S :GF100 (s55 ) yuw g dtdy 59y 2 dilialonw
o ) S :GP100 (e cuiS) yow duoyd YO + dlials b yd YO :BP25+GPT75 (plaue i) yuuw duoyd 8+ + dilialus o yd b+ :BP50+GP50
(4 g g5y S o (B S GRF100 (glawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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No. of cloves per bulb

Intercropping ratios and sowing methods
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Fig. 9- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
number of cloves per bulb of garlic (LSD=5.83)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (4 (595 p cdlS) yow duo)d e + alialuw duoyd 0+ BRE0+GR50 (ansy (69 p cuslS) yow diopd Y0 + shinluw 1oy VO :BR75+GR25
CublS) yaw dio )3 YO + dilialas oy VO BF75+GR25 (atiy 59y yr cudlS) yuw (2l cuss :GRI00 (dniy (g9, p culS) o YO duoyd + dilialos Ao )3 YO
20> YO BF25+GRT75 (aiiy (g5 p oo 9 55 ) dlimlows CudlS) pow 2o )3 0+ + dlanbiw su0)> 0+ :BFS0+GRS0 (axsy (9) 0 yuw 5 69> > slinlow
2 g g dldy (53 p Shalw CulS) ps o) VO + dlialus o) YO BR75+GF25 (diiy (g9) » o 9 555 50 diliabus slS) yow 2o )d VO + shialow
CublS) s Ao )3 VO + dilials 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 ailalw cudlS) pows 2o yd B+ + dilialus Ao )y> 0+ :BRS0O+GF50 (55
{gdame CuiS) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 (s5n 13y cdlS) juw (2l cuiS :GF100 (555 ) yow 5 iy 59y 2 dilialias
yo ) S :GP100 (e cuiS) pow duoyd VO + wlials b yd YO :BP25+GPT5 (o cuiS) yuw duoyd 8+ + dilialus suoyd b+ :BP50+GP50
(s ) 9 g9y S o (AB cusS GRF100 (pdawee cusS)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).

Table 5- Analysis of variance for the traits examined in garlic

. @y’ ’
i 2alio " Mean of squares
3l; "
SHOAY ‘Z f’ s il 0jg A gk 4y sl o 3 yShos
' Bulb weight Clove length Clove diameter Garlic yeild
I o
’_’S’ . 2 92.0™ 0.051" 0.197" 142148
Replication
ot 15 231™ 0.051* 0.079™ 39006895
Treatment
559
30 29.2 0.018 0.045 253784
Error
() et et 10.8 5.28 11.2 8.81
CV (%)

doyd gy o S Jlain] s 55 I3 ixe g doyd S Jlain] pdaw )3 5 xe 3 xe i iy K g FHTS
™ “and ": respectively indicate significance at 1%, 5% level and non-significance.
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Intercropping ratios and sowing methods

Fig. 10- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the bulb
weight of garlic (LSD=9.02)
s I3 gxe BB clyls (il yid duoyd O aw ;5 LSD jlade I o] 3Ms] o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auiy (595 p cdlS) yow duo)d e + alialuw duoyd 0+ BRE0+GR50 (ausy (g9 p cuslS) yow diopd Y0 + shinlw Loy VO :BR75+GR25

Sy dio )3 YO + &ilialus oy VO BF75+GR25 (atiy 59y p cdlS) juw (ol csS :GR100 (aniy g9y 50 cudlS) pows YO duoyd + dilinlows Lo p> YO

S yd va :BF25+GR75 ‘(M $9) 2 jow 9 L9 ) AJI.LQLM» wls) o o yd by + AAlA.mL.uJ Lo yd o+ :BF50+GR50 «(M $9) 2 yw 9 L9 ) AJI.LQL:.M:

2 g g didy (53 p Shalw CulS) ps o) VO + dlialus o) YO :BR75+GF25 (diiy g9) » o 9 555 50 diliabus CislS) pow 2uo)d VO + whialow

CublS) s Ao )3 VO + dilials 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 2 ailals cudlS) pow 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
o 2l S :GP100 (aue cuiS) pow duoyd YO + wlials b yd YO :BP25+GPT5 (o cuiS) yuuw duoyd 8+ + dilialus duoy> b+ :BP50+GP50
4y 9 g5y CulS) o (alB S -GRF100 (glawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (P lane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Fig. 11- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
clove length of garlic (LSD= 0.228)
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Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auiy 59y p cislS) yow duo)d ¢ + wlialw duoyd 0+ BREOFGRS0 (dnsy 59y p cuslS) yow 2o pd Y0 + shialw 1oy VO :BR75+GR25

CulS) yaw Lo )3 YO + dilialas oy VO BF75+GR25 (atiy 54y pr cudlS) yuw (2l cuss :GR100 ((aniy (59, p culS) o YO duoyd + dilialows 1o )3 YO

2uoyd YO BF25+GR75 (ansy (59 o 9 595 50 dilialas cillS) yow oy 8¢ + ailialus duoyd 0+ BFS0+GR50 (asy (59 p o 5 595 ) Shinlow

2 g g dildy (53 p Shalw CulS) ps o) VO + dlialus o) YO BR75+GF25 (diiy (g9) » o 9 555 50 diliabus islS) yow 2o )d VO + shialow

CuslS) yow Ao )3 YO + dilinlos 20> YO :BR25+GFT5 (555 ) yuw g didy (59) p2 dlhialw CidlS) pow duoyd 0+ + dilanlus 1oy 0+ :BR50+GF50 55>
{dame CuiS) yuw Ao yd YO + dilinlow duoy> VO :BP75+GP25 (595 1 yuw cilS) yow (2l €S :GF100 (552 )3y g 4ty (g9, » aliabuw
o A8 €S IGP100 (plase culS) pow duo > VO + dilialas 2o yd YO :BP25+GPTS (pdaiee cuiiS) yow dopd B+ + dilialows duoyd 0+ :BPS0+GPS0
iy ) 5 g5 50 CutS) o LI cusS :GRF100 (pdawse cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 12- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
clove diameter of garlic (LSD= 0.354)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (auiy 59y p cislS) yow duo)d B¢ + alialw duoyd 0+ BRE0FGRS0 (dnsy (59 p cuslS) yow 2o pd Y0 + shialw 1oy VO :BR75+GR25
CublS) ys Ao > YO + dilialaw dioy> VO BF75+GR25 (aisy g9y yr cudlS) pwo (2l i :GR100 (aiiy g9y » <udlS) oo VO dioyd + dilialiw 2o > YO
2uoyd YO BF25+GR75 (ansy 59y w9 595 50 dilialas cillS) yow o yd 8¢ + ailialuw duoyd 0+ BFS0+GR50 (4isy (59 p o 5 595 ) Shinlow
P g g Ay 59y 2 Blinla S s 2o yd YO + dlialus 1o > VO BR75+GF25 (aiiy 9y p e 9 9> 0 aliabas cilS) pow 2o > VO + ailialuw
CulS) yow Ao )d YO + dilinlows 20> YO :BR25+GFT5 (555 1 yuw g didy (59) p2 dlhial CidlS) pow duoyd 8¢ + dilaalus 1oy 0+ :BR50+GF50 55>
oo ©uiS) yw 223 VO + ailiabis 303 VO BPTS+GP2S (592 )3y adl) yw palls €28 :GF100 (92 53 o 5 4y (555 2 wlinkiws
o A8 €S IGP100 ((plase culS) pow duo > VO + dilialus 2o yd YO :BP25+GPTS (pdauee cuiS) yow dopd B+ + dilialow duoys 0+ :BPS0+GPS0
(s ) 9 g9y S o (AB cisS GRF100 (pdawee cusS)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).

M8 am slaase > (Grio) 4idy (59 p e alS iy sbajloss 5l as ol (Lt pole Baiod glis 2y 3,Sos

3y Sl byl CoiS 1w Cons (il L (WY JSS) i S
Wil oo )d YO + par )3 YO i jd .cdl yials
Al oS D yaxite LS 53 )3 6LS VIFY U DOVY oy 3, Slas

S Gl () ime olds (9> b plauns dlly) S g, 4

3y Slas p YL (B Jodo) 13,5 )b xe pw 3, Shes ool
Nl L (Grrioo) aidy g (59> 50 o (2l CuliS & by po
S slayles cud S uiored g, 40 p,35LS VO Y
(Grao) 53> 53 s s €35 b 5 (Gratn) s Al s



OV s S509 5l B 9 9,5 as S (51 509 9 W il oyl I 5 g 89,10

odnliiie (LS )3 p,SokS Y+ 09) jojaal 0395 )3 3 Slee (58
ol »5l inlejl ,> (Alemkhoumaram et al., 2019) x> ,5
9 &5 )13 bl 090y olS 23,595 9 (39t 398 e
2 2,5 LS VYA g YFOAY oy yuw 2 Slos (3 505 5 oYL
e s Yoo byl oy (Seilsepour, 2021) s i)l58 S
g VIVY WY ity yw 3y Shoe (0Ln 9 (30 e VL
(Fufaetal., 2025) xol cowd & JiSa 3 o5 £/5)
Lo o 35 ol @l Gk H(LER) (o3 (2l 32 Corusd
dlie (F Jgan) 23l (e (symlp S 1 )P S
by s (W JSCs) alialw ails 5, Slee (¢l LER (sla 1SSl
oyt Camms 2Vl gl < IVYY (5 Sile | BrrstGras Jlogs &
VO ciS ol a8 o cpl g ailialuw &l 5,Sles (gl e
sobds e (655 50y Joyd YO g dldy g9y dlialw do
DS e o Lodjlo b 4y S ()3 —ine
Caws 55 (+/5+Y) BrootGrso g (+/50) Bprst+Gras (slalos
L BrostGrrs jlow ¢ blie jo aih o5 Cawsdy (poj (sl p
Sl 3 gl |y (e 6l Sl (o p5S IITY (650ke
Cawd oy +[AYY 1S5Le L BrastGrrs jlew « puw 3,Slos
Lopd YO e ol jlas cpl (VO JS3) cusld 1) oyeoj (s lp0
BrastGrrs (slajles g0 didly (65) jw doyd YO g dilialow
wwlio e (6l Comnd 0 (/YY) BrastGrrs 4 (+/VV5)
Jbess dn bomye jow (e (Sl Sl (pyS0S 00 ol
5 g bo 15 S IS sl g +NAA 4SSl b Bprs+Gpas
Jedd iz 3 Sl i o) (6l G wilinl
JSb) Canl el iS4 s bolsie culS o jo odiad i
5 s by lre a8 3 LS (n0j gl s 2Lyl (V2
Bros+Grrs g (VYY) BreotGrso (slajlos a5 ol L dilaalow
9 V) g g w3l 1) S ej sl G 00 5YL (VNA)
o=l a8 ol s il pl elonds 5, Slee inlidl Gl dsys VA
(Blie 1> 0509 J10y65 1 oo 5l odlazul o oYL STl sl
G 35S < IVEY e (6l Cusd | BrsotGrso slas
S sl csls [ig, a8 ol ol gl sl |y oo il

el olS 93 5 (o) il Cod 2 (25

Onrdin (4dy 59y 32 0LS 93 y) BrostGris jless w095 ol
lialw o) B + oy B Cowd b ) 5 Slee
YAV L5 YOV s g il imlS ans LB jsbody pmus 5,5kes
2o )d YO Comd )y D)Slos (S i LS j3 p)56lS
cils gl oy plod 5o a5 ud odnliv wilialuw o pd YO + yuw
YL (9 S )3 p)SkS VY vl 1S (3:0ke j5boas
BristGrs o 12 3y Slae (525 5 Grrato o 2 35lae
99 $YL sdes Yo 5l SOl sl dg g iglas duo > YAY
o S o 3 8) e S S o 3 3,8es
Aoly 3 4 @S5 ol 93 Al ey 9y 9 S92 0902
PR g 552 b owe bl lojer CuiS dawlyy paw
aba gy pow 15 48 ol )] oaimd lis gadge opl gy adnis
2 515 Gl gl e gl ol Sy g (a3l
13 (51,5) sl alols i o imgly 5> 3L Ll 1, prdaws 5l
005 3 e 3 )Sbes (VL 5 €855 8 (qw) 3)90 pe
[(Fakhar et al., 2019) Lol caws 4 (o515 (2 5YL) cosls alold
Ay 59y 2 oLeS 93y Bl by calls eSSl aw
3y Slos byl ciS sla yosy pwluw dn Cumd (Bras+Grrs)
sl Lad gocwlio mjer Judoay o)l Jleasl a8 ol 4lis (g0
93 by lste oS dalesl j3 il culdy alS g ady, yide A5,
Uvey 4w L (Vicia faba L.) MsL L (Sids-40 5 (galy) yuw o3,
MLy Uy glisio gty Aty (£9) 1 oo S Lol Cilises
Cubls g ML b glite yguody bolad  pgin Cuauws )d ypu CullS
oo 29 WL b oglite ©jgoa bglad Jlod o )3y
OBl (it sl 08 0h29%) o 3dos 3Vl 0S5 118
o 53 oAl 1el)3 g (00) (Sl S 2V g ST Comon
Elshamy & Abd El-) s ssalie oYU bald (gg) yow cuils
=19 3055 5 )bl zolaw 4l cou aimgly o (Aly, 2021
VY9 O Ar oA w3y Sdes (23S 5 (0 5YL CungraS
)y (Ahmadian et al., 2018) i ol (iSa )5 p)Sols
VFAD yoo 3, Shos o I olyo g sluiss cypio il coo ,S0s
OIS @y 22 )5 WY jya dile Jlee by @pe e 3 )5
s oo 0395 VA b5l 55 .(Zahedipour et al., 2023) 15,8
9 (LS 53 £S5 ok Vet ) (Vg 0395 )3 3 S (3 5VL oS



\F-¥ ﬁb Yoyl Y ol (55 9lis G.»LI.& P9 A yuiad Ay

16000 15003
14000 -
12000 -
10000 -
8000 -

6000 -

4000 -

2000 -

0

11341

8022 7775 7147

Garlic yield (kg.ha?)

Q Q Q “ Q Q “ 2

N \Q \Q Q") N Q’\
S &S FES &
& & &
3 S

5
&

6408 5goy 5573

4816
3814 3745 3516

2241 2234 2078 1916

FSIFFIFsg s S

X

qi)X (\(’)X ‘)X (\‘)X

S S S ¥
F F T FF I

Intercropping ratios and sowing methods
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Fig. 13- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
garlic yield of garlic (LSD= 840)
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Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auis (595 p cdlS) yow duo)d e + alialuw duoyd 8+ BRS0+GR50 (dusy (g9 p cuslS) yow diopd Y0 + shinlw Loy VO :BR75+GR25

)y dio )3 YO + &ilialus oy VO BF75+GR25 (atiy 59y p cilS) o (2l cass :GR100 (aniy g9y p2 cadslS) pows YO duoyd + dilinlow Lo p> YO

303 YO :BF25+GR75 (4uiy (59) p o 9 59> 50 Slialuw €ilS) pw 2oy 0+ + slhialuw 1o )3 0+ :BFS0+GR50 (disy (59 p puw 9 55> 5 dlinlos

P g g Ay 89y 2 Blinla S s 2o yd YO + dlialus 1o > VO BR75+GF25 (aiiy 59y p yaw 9 9> 0 alialas cilS) pow 0o )3 VO + ailialuw

CublS) s 1o )3 VO + dilialus 1o )3 YO BR25+GFTS (555 ) yuw 5 4y (55 p ailialus cudlS) pows 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
{gdams i)y a0 yd YO + ailialow 2o )d VO BP75+GP25 (s5n 10y cdlS) yuw (2l S :GF100 (555 ) yow 5 iy 59y 2 dilialiaw
yo ) S :GP100 (pawe cuiS) yow duoyd YO + wlials b yd YO :BP25+GPT75 (o cuiS) yuuw duoyd 8+ + dilialus duoyd b+ :BP50+GP50
(s g g5y S o (alB S ‘GRF100 (plawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Table 6- Analysis of variance (ANOVA) of land equivalent ratio (LER) and competition index (Cl) in black seed and garlic
intercropping

Slayo (uKile
gy Y e S TS Mean of squares
S.ovV d.f Gladlwo (305 Sl ) S panw (305 Sl Comd (IS (a0 (65932 S Culdy yadls
Black seed LER Garlic LER Total LER Competition index (CI)
)1)5\, . 0.004 " 0.027™ 0.020" 0.011™
Replication
Sl o . - -
0.110 0.156 0.069 2.01
Treatment
ks
22 0.005 0.002 0.011 0.035
Error
() et et 16.9 10.6 11.2 11.4
CV (%)
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™ *and ": respectively indicate significance at 1%, 5% level and non-significance.
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Fig. 14- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the LER
of black seed (LSD= 0.129)
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Means differing by more than the LSD (5%) are statistically significant.
duoyd BR25+GRT5 (aniy (59, p culS) pow o )3 B+ + dilialuws 1o )3 :BRE0+GR50 (4iy (55 p cdlS) yow duoyd Y0 + ailialuw s )> :BR75+GR25
doyd BFS0+GRO0 ((atiy 59y 12y 9 55 50 ailtabus cuslS) yow 2o )d Y0 + dlialuws 1o )> BF7T5+GR25 (atiy 59y p cdlS) yow YO 20> + dlinlew
(s 59y p2 yow 9 S92 30 dlidlow CuBlS) yuw Lo )d YO + dilialow duoyy BF25+GRT5 (aiiy (69 p w9 655 ) dilimlows cullS) yow Lo )3 B+ + dilinles
9y 2 dlalas CilS) o 1o )3 B¢ + alialus 2oy BR50+GF50 (555 )3 puw 9 4ty (59, 2 Shalus cilS) pow duo > YO + abialuw Lo )y BR75+GF25
o 210 )3 YO + dilsalus 1oy BPT5+GP25 (595 )3 o 9 4y (59, p ahialuw CilS) pow duoyd VO + lialus 1o )3 BR25+GFT5 (95 p3 yuw g aidy
(oo i)y a0 yd VO + ilialw duoyd :BP25+GPT5 (pdaue i) yow duoyd B+ + wiliabuw duoyd :BPS0+GP50 (pdaws cuiS)
BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%

black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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Intercropping ratios and sowing methods

Fig. 15- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the LER
of garlic (LSD= 0.086)
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Means differing by more than the LSD (5%) are statistically significant.
deoyd BR25+GRT5 (atiy (g9, p cudlS) pow dopd B+ + dilialuw 1o )3  BR50+GR50 (4iy (55 p cdlS) yows duoyd Y0 + ailialuw s> :BR75+GR25
Loyd BF50+GRO0 (atiy g9y 32y 9 95 50 alaluw cuslS) pow dioyd YO + dlinlow doyd BF75+GR25 (atiy g9y p cilS) o YO b0 )y + dilinlow
Aty g9y p2 yow 9 852> 5O Al CBlS) pow 2o )d VO + dlialus 2o yd BF25+GRT5 4ty 59y 0 g $52 0 ailals cuslS) pow d0)d 0+ + Slinlow
©9) » dlialus cuilS) o do o 0+ + ailialus 1oy BREOFGFS0 (o )3y g 4ty (59, p alialas cidlS) yow uoyd Y0 + ailialuw o y> :BR75+GF25
o 300)d YO + wlialow 2o yd BPT5+GP25 (555 )3 yuw 5 4y (59 ailialw cullS) pw 1o pd VO + dilialus 1o )3 BR25+GFT5 ((s95 )3y g 4y
(oo Sy a0 > VO + wilialw 2o yd :BP25+GPT5 (prdans i) yow duoyd 8+ + ailialw duoyd :BP50+GP50 (pdams cuis)
BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%

black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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Fig. 16- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the LER
of total (LSD= 0.178)
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Means differing by more than the LSD (5%) are statistically significant.

Juoyd BR25+GRT75 (ansy (55 p cuilS) yow Lo )3 B+ + ailialuws 1oy BR50+GR50 (4t (g9 p cilS) pw duoyd YO + shialw Lo )3 BR75+GR25
3oy :BFS50+GR50 4ty (59 p a9 69> ) ailtalow cullS) yow 2o > YO + ailialbus 1o )d BF75+GR25 (4iiy (59, p idlS) o VO dopd + dilinlos
iy 59y p2 yo 5 S92 0 dlidlow CuBlS) yuw Lo )d YO + dilialiw duoyy BF25+GRT75 (aiiy (59 p o 9 655 ) dilimlos cullS) yow dopd B+ + dilinlos
9y » lalas CilS) 1oy B¢ + altalus 2oy BR50+GF50 (g5 )3 s 9 dtdy (59, » Shabuw cuilS) pow duo > YO + abialuw Loy BR75+GF25

o 210 )3 YO + ilialus 1oy BPT5+GP25 (555 )3 o 9 4ty (59) p dlialuw CilS) pow duoyd VO + linlus 1o )d BR25+GFT5 (95 j3 o g atiy

(oo cuiS) yows a0 > VO + ailialw duoyd BP25+GPT5 (pdass cuiS) yow duoyd 0+ + ailialuw duoyd :-BP50+GP50 (pdams cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%
black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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Fig. 17- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
competition index (LSD= 0.321)
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Means differing by more than the LSD (5%) are statistically significant.
Juoyd BR25+GRT75 (ansy (55 p cuilS) yow 1o )3 B+ + ailialuw 1oy BR50+GR50 (4t (g9 p cilS) pw duoyd YO + shialuw Lo )3 BR75+GR25
3oy :BFS50+GR50 4ty (59 p w9 69> ) ailtalow cullS) yow 2o > YO + ailialbuw 1o )d BF75+GR25 (4uiy (59, p cidlS) o VO dopd + dilinlos
iy 59y p2 yow 5 S5 0 dldlow CuBlS) yuw Lo )d YO + dilialiw S0y BF25+GRT75 (aiiy (59 0 w9 655 ) ailimlow cullS) yow Lo pd B+ + dilinlos
9y » lalas CilS) 1oy B¢ + altalus 2oy BR50+GF50 (g5 13y 9 dtdy (59) 2 Shabuw cilS) pow duo > YO + abialuw Lo )> BR75+GF25
o 210 )3 YO + ailialus 1oy BPT5+GP25 (555 )3 o 9 4y (59, p alialuw CilS) pow duoyd VO + lialus 1o )d BR25+GFT5 (95 j3 oo g atiy
(oo cuiS) yow Ao pd YO + dilinlows duoy> BP25+GPT5 (ase cuiS) pow 303 8+ + ailialbus 1o y> :BPS0+GP50 (pdauie cuiS)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%
black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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