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Extended Abstract

1. Introduction: Conventional agricultural systems' reliance on chemical inputs has led to environmental degradation, necessitating a shift
towards sustainable practices like intercropping and biofertilizers. Intercropping, the simultaneous cultivation of'two or more species,
enhances resource use efficiency, productivity, and ecological resilience through complementary ecological niches-and optimized canopy
architecture. Concurrently, biofertilizers, such as phosphate-solubilizing bacteria (PSB) and arbuscular mycorrhizal fungi (AMF), improve
nutrient availability and plant growth while reducing chemical fertilizer'dependency. This synergy is particularly crucial for medicinal
plants, where quality and sustainable production are paramount. This study investigates the combined effects of different intercropping
patterns and phosphorus sources on the yield and nutrient uptake of two medicinal plants: Ajowan (Trachyspermum ammi L.), an aromatic
plant from the Apiaceae family, and Coronilla (Securigera securidaca L.), a less-known legume from the Fabaceae family with traditional
medicinal uses.

2. Materials and Methods: A two-year field experiment (2021-2022 and.2022-2023) was conducted in Mamasani County, Fars Province,
Iran. The study employed a factorial arrangement within a randomized complete block design (RCBD) with three replications. The
experimental factors were: Phosphorus Fertilizer Management (5 levels): P: 100 kg ha™ Triple Superphosphate (TSP), B: 50 kg ha™ TSP
+ Phosphate-Solubilizing Bacteria (PSB), M: 50 kg ha™ TSP + Mycorrhizal Fungi (AMF), MB: 50 kg ha™! TSP + PSB + AMF, P0: Control
(No P fertilizer or inoculation) and Intercropping Patterns (5 levels): A;S;: | row:Ajowan + 1 row Coronilla, A;S;: 1 row Ajowan + 2
rows Coronilla, A,S;: 2 rows Ajowan + 1 row Coronilla, Ag: Sole cropping of Ajowan and Sy: Sole cropping of Coronilla. Seeds were
inoculated with respective biofertilizers before planting. At flowering stage, aerial plant parts were sampled to measure the concentration
of Nitrogen (N), Phosphorus (P), Potassium (K), and Zinc (Zn). Seed yield was measured at final harvest. Data analysis was performed
using combined analysis over two years with SAS software, and means were compared using LSD test at the 5% significance level.

3. Results and Discussion: The combined application of biofertilizers (MB treatment) consistently and significantly enhanced the nutrient
content in both plant species.The highest N content in. Ajowan (3.12%) and Coronilla (4.84%) was recorded in the A;S, intercropping
pattern under the MB treatment. Intercropping, patticularly A;S,, improved N uptake in Ajowan compared to its sole crop, likely due to
biological N fixation by Coronilla and facilitated transfer. The lowest N content was observed in the control treatment (P0) and the A,S;
pattern for Coronilla, where shading by.Ajowan likely impaired nodulation and N fixation. The MB treatment resulted in the highest P
content in both plants.. The synergistic effect between PSB and AMF was evident, where PSB solubilizes P and AMF hyphae enhance its
uptake and transport. The A;S; and A4S patterns were most effective for P uptake in Ajowan and Coronilla, respectively. Similar to N
and P, the MB treatment significantly increased K and Zn concentrations. The A;S; intercropping pattern also showed superior performance
for Zn uptake in both species, attributed to the secretion of different organic compounds in the intercropped rhizosphere that enhance Zn
availability. The A,S; pattern consistently resulted in the lowest nutrient content for Coronilla due to intense competition for light. In
contrast to nutrient uptake, sole cropping (A, and Sy) resulted in the highest seed yield for both Ajowan and Coronilla. The highest yields
were obtained with.the full chemical P (P) and the combined biofertilizer (MB) treatments, which were statistically on par. The lowest
yields were recorded in the control (P0) treatment. The reduction in yield under intercropping, especially in the A;S, and A,S; patterns, is
attributed to interspecific competition, particularly for light. The taller and more vigorous growth of Ajowan likely shaded the Coronilla
plants, reducing their photosynthetic capacity and subsequent yield. The replacement of plant density in intercropping also naturally leads
to a lower density of each species per unit area compared to their sole crops.

4. Conclusion: This research demonstrates a critical distinction between nutritional quality and quantitative yield. While sole cropping
maximizes seed yield, the integration of intercropping (specifically the A;S, pattern) with combined biofertilizers (MB) optimizes
nutritional value by significantly enhancing the concentration of essential nutrients (N, P, K, Zn) in the aerial parts of both medicinal plants.
The synergistic relationship between PSB and AMF was a key driver in improving nutrient solubilization and uptake, allowing for a 50%
reduction in chemical P fertilizer application without compromising nutritional quality. Therefore, for the sustainable production of
medicinal plants where the concentration of active compounds (often linked to nutrient status) is a primary goal, the A;S, intercropping
pattern combined with the integrated MB fertilizer treatment (50 kg ha™ TSP + PSB + AMF) is highly recommended. This strategy
successfully aligns with the principles of sustainable agriculture by enhancing nutrient use efficiency, reducing chemical inputs, and
fostering ecological balance. For farmers prioritizing maximum seed yield, sole cropping with integrated or full P fertilization remains the
best option, though this comes with a higher environmental cost.

Keywords: Arbuscular Mycorrhizal Fungi, Intercropping, Medicinal Plants, Nutrient Uptake, Phosphate-Solubilizing Bacteria,
Sustainable Agriculture.
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Table 1. Physicochemical properties of the soil at the experimental site

EC PH 7n (ka ) (mPk 3 %;%Eréf Sand Silt Clay Texture Year
(ms) (ppm) () R &8 . %) (%) (%)  soil
) ) (%)

Silty

1.0 7.86 0.28 0.07 240 11.23 0.9 20 58 22 1 2021
oam

1.0 7.22 0.21 0.08 230 11.88 1.02 18 62 20 Silty 2022
loam
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Table 2. Analysis of variance mean squares for the effects of intercropping and phosphorus fertilizer for macro and micronutrient content in

Ajowan and Coronilla

N of N of P of P of K of Zn of Zn of

S.0.V df K of Ajowan

Coronilla Ajowan Coronilla

Ajowan Coronilla Ajowan Coronilla
Year (A)

Replication (Year)

0.55 * 0.04 ** 0.092 * 0.01 * 30398726.12 **  2882407.93 ** 15.40 ns 1548.00 *
0.02 0.09 0.01 0.01 251216.36 166482.38 111.84 155.63

1
4

Cropping System (B) 3 1.40 ** 3.15 ** 0.003 ** 0.17 ** 2393228.56 ** 5342866.02 ** 624.25 ** 2477.27 **
4

Phosphorus Fertilizer (C)

2.09 ** 8.43 ** 0.18 ** 0.11 ** 4434926.26 ** 7209278.27 ** 5923.22 **  3480.97 **

BxC 12 0.02ns 0.07 ns 0.01 * 0.006 ** 95056.18 ns 167844.20 ** 21.12 ns 149.25 **

AxB 3 0.02 ** 0.02 ns 0.002 ns 0.008 * 91224.44 ns 998220.47 ns 49.36 ns 79.87 ns

AxC 4 0.05** 1.00 ** 0.03 ** 0.007* 797289.40 ** 1273206.57 ** 139.01 ** 144.57 *

AxBxC 12 0.04 ** 0.08 ns 0.03 ns 0.005 * 94866.10 ns 109602.55 ns 18.80 ns 21.85 ns
Error 76 0.02 0.10 0.007 0.002 157588.72 86686.66 35.17 48.63
CV 6.19 7.65 15.76 9.31 8.53 5.54 9.56 12.08

Do yd S g gy Jleis] e yd 3 ime BSpgine p iy s e DS
*¥*ng, *, : Non-significant, significant at P <0.05 and P <0.01, respectively.
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Table 3. Comparison of means for the year x phosphorus fertilizer interaction on shoot nutrient content in Ajowan and Coronilla

= N N of Ajowan P of Ajowan K of Ajowan Zn of Coronilla Zn of Ajowan K of Coronilla
z X (%) (%) (mgkg!) (mgkg) (mgkg) (mgkg')
S 28 ————
A~ O 9 Yeael Year 2 Yeae 1 Year 2 Yeae 1 Year 2 Yeae 1 Year 2 Yeae 1 Year 2 Yeae 1 Year 2
Po 3.05d 331c¢ 0.50 ¢ 0.47d “23779.7b  4562.6¢ 4352.7d 4632.5d 4416e 3933c 4225d 41.25d
B 4.65 ab 4290 0.53 b 0.52¢c . 4351.6a 4906.5c 5749.0b  51444bc 70.58b 734lab 57.50b  69.41b
M 4.16 ¢ 4.66 a 0.56 b 0.63b . 4048.0b  53234b 4989.2 ¢ 5069.1 ¢ 66.50c 68.41b 51.75¢ 61.50¢
MB 4.84a 4.44 ab 0.61 a 0.72a 4602.3a  6059.7a 6091.6 a 5556.7 a 76.50a  78.58a 70.25a 77.75a
P 4.55b 433D 0.55b 0.7la  3958.7b  4562.6¢ 6147.6a  5377.7ab  50.58d 74.16b 4125c¢c  56.50c

25,05 LSD a9, 5l o8kl b (gl e gl bt S i By K Jolis gyls a5 oo pSilo jlas o g giw y 4

In each column and for each treatment, means sharing at least one common letter are not significantly different based on LSD procedure.
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Table 4. Mean comparison of the year X intercropping % phosphorus fertilizer interaction for nutrient content
in Ajowan and Coronilla

N of Ajowan P of Coronilla

Cropping o o . K of Zn of
Phosphorus gy rems (%) (%) Pof éjowan Coronilla  Coronilla
Fertilizer (%) -1 -1

Yeae 1 Year 2 Yeae 1 Year 2 (mgkg™) (mg.kg™)
Ay 1431 1.99 - - 0.39f - -
So - - 0.49 fghi 0.46 fg - 4778.0 de 43.0 fg
Py AS 194g  2.19ghi 040 041 g 046 cdef 45640 ¢ 44.0 f
AlS;  212fg  2.09hij  047ghij 043 g 0.46 cdef | 4572.6¢ 45.0 f
AsS 1.68 h 1.85] 0.40 4 0.35h 0.42 ef 40559 f 35.00 g
Ay 2.28 def  2.27 fgh - - 0.45 def - -
So - - 0.63 abc 0.64 abc - 5940.5 b 70.5b
B AiSy 2.58 be 2.45defg  0.54defg  0.59 cd 0.44 def 52339 ¢ 63.0 be
AlS 2.59bc  2.71bcd 0.61 abcd  0.62 bc 0.52 abcde 57874 b 70.8 a
AsS 2.14 fg 2.30 fgh 0.44 hij 0.44 fg 0.47 cdef 4825.0 de 495 ef
Ay 221 fF 2.50 def - - 0.53 abcde - -
So - - 0.59bcde  0.63 be - 5296.8 ¢ 61.0c
M AiS; 2.65bc  2.79 bc 0.49 fghi..  0.59¢cd 0.51 bedef < 5053.5cd  56.5 cde
ASy 2.88a 2.64 cde 0.52 efgh .0.62 cd 0.57 abed 52293 ¢ 63.5 bc
AsS) 243 cde 2.39efg 0.44 hij 0.50 ef 0.47 cdef 4537.1¢ 455f
Ao 2.24 ef 2.42 efg - - 0.46 cdef - -
So - - 0.66 abe 0.71 a - 5995.0 ab 82.50a
MB AiS|  274ab  295ab 0.57cdef = 0.69ab  0.53abcde  5892.7b  80.50a
AlS 2.88a 3.12a 0.70 a 0.64 abc 0.58 abc 6118.3 ab 84.00 a
AsS 2.49 cd 2.64 cde 0.46 ghij 0.40 gh 0.50 bedef 5290.6 ¢ 49.00 ef
Ao 2.14fg  229fgh - - 0.61 ab - ;
So - : 0.67 ab 0.64 abc - 6310.0 a 5;'1(;0
P A;Sq 2.45cde 2:81 be 0.53 defgh  0.59 cd 0.65a 58519b 51.00 def
A1Ss 2.61 be.. 2.62 cde 0.63 abc 0.59 cd 0.53 abcde 6019.0 ab 59.00 cd
AsS, 2.32 def 2.49 def 0.39 0.55 de 0.50 bedef  4869.2 de 4350 f

35,15 LSD a9 51 ool b gl cxe cglés e S pio Gy G i (clyls a5 oo uSko Jless o g (ygiw yb p
In each column and for each treatment, means sharing at least one common letter are not significantly different based on
LSD procedure

S )3 p 3ol B, S =MB 55,5 le + 040 355 S )3 p,56kS B 3,5,l8 =M (g S+ 0yaud 35,1 5 p,SelS B 3, 8=B wals=Po
o obss cidy o =AIS) Lals Sl use S0 calls (L5 =A0 o yind 355 USa 53 p,ShS Voo Gpan =P 3050k + (gL + o i 355

ol cdy K Sl pde Cody 93 =AST «Sladl jose ) 95 oL s, K =A1S2 Sl wie s,
PO = Control, B = Application of 50 kg ha™" phosphorus fertilizer + bacteria, M = Application of 50 kg ha™ phosphorus
fertilizer + mycorrhiza, MB = Application of 50 kg ha™ phosphorus fertilizer + bacteria + mycorrhiza, P = Application of

100 kg ha™ phosphorus fertilizer, AO = Pure ajowan, SO = Pure Coronilla, A1S1 = One row of ajowan + one row of
Coronilla, A1S2 = One row of ajowan + two rows of Coronilla, A2S1 = Two rows of ajowan + one row of Coronilla
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Table 5. Mean comparison of cropping systems for shoot nutrient content in Ajowan and
Coronilla

Cropping Systems N of Coronilla (%) K of Ajowan (mg.kg!)  Zn of Ajowan (mg.kg™!)

Ao - 4850.8 a 57.44 c

So 4.59 a - -
A1S, 413 ¢ 4654.0 a 63.86b
ArSy 435b 4849.0 a 67.53 a
AsS 3.83d 4250.8b 59.26 ¢

L5156 LSD a5l ealisl b (gl gize gl cdiznn S yio Byp K s s a8 oo Sk jloss 5o g 9w yb )
In each column and for each treatment, means sharing at least one common letter are not significantly
different based on LSD procedure

e ddy 90 by cdy K =A1S) (Sl ede Cansy SO b cissy SO =AT1ST (el Sladl eas _So el ol =Ag
ol iy S Slall wae iy 90 =A2ST Sl

A0 = Pure ajowan, SO = Pure Coronilla, A1S1 = One row of ajowan + one row of Coronilla, A1S2 = One
row of ajowan + two rows of Coronilla, A2S1 = Two rows of ajowan + one row of Coronilla

lroniss wlas adgr (]38l b jawd JMoul (oSl oS Wl 5yliS 268 iy ,d (2021) Janati efal. Liwly cpen )
Friesen ef al., ) Cusl diuly (1)S 9 j95 (o ypiawd dy i & lao )5 4 (p)S Janasy & Cwl odd by )8 Ty dau
aiysmy gl o) ()laSs g (alie)S 4 13I8 I35 lepgSde (ast Conts ALTE kil s L o] (2011
Dgud oo 00l yd duly ) Cuows 4y (5yieS LB g 00 EalS Iy jiwgid ¢ 8ISy cdlyd pae L yls oYU p)S 4 5l g Cul
bbb o AsSt byl culS o byl pldad o (2alSly Sl50)5 00 (6,185 ko paw ¢ soulais 395 5 b 1 0LS 1Y
iyl s 4 Sladl ode Gy bsj sl cle @ (AaS1) )b cusS (slacis, slass il b oS cul o olgS

b (2li0)S can ol dlge janazs 1 olS il sl (Gl oads ool L b eald) Sladl uas I i i
Cadoux ef .cuild dalgs cuiS gladlolw cpl o KLl wie 5950 slie (ials > one i (pl 5 0l 4l
G597 Slyome IS glacins) s GlEIL o ol (LS ailiene (slapsSI L IS bglsee S ()0 b (2015) al.

Al 38T oy jlias il s a ]y gals ol el S b jials peS) el o

OWj yud sy VY
3 o 355 atnbolia S 11y nmys iy i) gl 5 syin 35 giin 5 gl €3S Syt 5 Juo S
Joz) 8 b L5 2len plal jud (slgie 2 o)d S (glad Jlaisl o 13 05808 355 a3 Jlo JhiSen
b 3 5 a5 lgizme (it o b LS o cpl 2 0j0ud 365 aite 3 Jlo (iiSen (5650ke dulio (Y
P 365 o b (o)ls (simo coglis pgd Jlo 3 a5 ol Cawnd o MB a5 jles 51 (3uoyd </YY) pgd g (o> +/5Y) Jo
4 Po (6355 Yl jl (pg> Jlo )3 203 V) g (gl Jlo 3 20> +/0+) Jlo 53 2 )3 yaud glgime o yieS 9 culs
Slgoxe oy 48 3 (U5 Zol o yhud 395 ¢ bglste cuiS iiSany b b gxe drgi b (Y Jodn) el cowd
crod 5L AIS2 Ag wlolo b del Cawd 40 P (6365 Jlad )3 g A1S1 bglee cutS 5l (o> +/50) ols; (olon pluil yaud
1Y) yind g p oS 285 )5 (g)lol 09,5 S P MB (6365 Jlow 5l AiS2 5 AiS1 slailol g (6395 o
Ot Ghalejl 3590 (6355 ol )3 4 oly (L @l Fdfr gy el s 4Py (6355 Sl 53 5 Ao (10
J9i2) 292 Ao 4 borje (0395 slaylass jidin 5 35 lgime (p pieS g bglse CulS ) bgyye 2lgn plil jiud slginee
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o5 olS el e BB jaud gilo wal)d 3 638 5 )8 o e Sl eleS P L les ool (6SSke il 5en
o 3 osd S opyS 4 g S walyd (Pi) Same yhad s (gly cowl (Ko PSB L(Etesami et al., 2021) wib oo
b oS S by @ 9 03,5 Cla | PSB wiilgs o AMF 05 &ylie 4 Kigib g 03laiwl 32,5 auie lgie 4 laciun
e <(Zamani et al., 2019) suiso 3900 1y I j5ud 5l odlitul 0p)S gie 3355 walyd g b Sl 5 (gjlwdljl L
oil38l ) 09 o ey PSB lawgs a5 obajblawd cullsd yol oyl S 05058 1) AMF (slacan zolaw Llg5 0 PSB
Sy g 0yhd 395 g bolste bglswe oS [iiSadp oy ) omidmed S o S0,50 |y S aud (cili Saxe g 0o
L) Slodl e 3y 90 jous daS 38 pandd pi> lgi oo ) bgloee S sladilobs plo & s A1S) byl cuis
(S gy Sl 9 St Sdl) (Gime gladpl Calo 5 381 ool> slajlosd )3 (pomgiy ST YL Coner
e g J lacland Mool aous > g jblawd clagy 3l Mg g (SSY 5 SO «SISD T slaal
Gl Gl ol 3l 55 (aleisSee S un Do anls ady) lazee ) o BB jaud clals (Ll LY (o ek

(Rezaei-Chiyaneh et al., 2021) 545 o0 oLS ;> jiudEdale dguo cogo L 6lS @ o] JEsl g Hawd

Sl was joud glgiow F'-£

o (iiSon s g6 p2md 365 xuio 50 Jlo (iiSan p cbalore cuiS o Jho (iiSen y Jlo Slas ol Hlis willg 4500
CulilS JiuiSadys g 0yud D98 muin cbgle cuiS Bl g duoydiguy’ Jlois] pdaw ;3 0,808 368 muio )0 byl cuis
S HuSany (15ke duglio (Y Jods) Ad jbpze doyd SO gl Jlois] mdaw j3 0,008 358 zuie ) byl
(o o IVe) Sladl gode olon pll jaud glaieen oy yiias Jol Jlo ;0 0 Hlis 0,0ud 365 ¢ balsre cutS ¢ Jlo
S 980 (6365 Jlas et 3 S0 b 6y 8cme glis a5 el Cuwd 4 MB (365 Jlos ;0 A1Sy K bgle cuiS
‘n‘..\il )Q.MS d‘91>m u;).wf Al B d.)}f )l.o.u P AS> ]o9l>u: CuiS 9 So S 9P db9§ )Lo.u 2 AiS, ]991714,
Ogls &S 399 Po (6355 jlass 50 9. AsSi bglwe cuiS’ 4y bgsys (a0 pd /1Y) 50 Jol Jlo jo 55 Sl yose olon
Wold 4 Cons MBL2d5 (6365 jlogd .cudlis P 6358 Jlagi )3 g bgle culS (yran )3 jhud (slgime b gyl gixe
glis a5 Sonjl (Jeoyd /YN paud (glaime o i 4S5l LS 55 ped Jlo Sl duslie by LS o3l Lo yd YA/
OnyeS 5 CudlB (6368 slaut j1S0 9 P (6355 Jlogd )3 So CuiS 5 (935 jlowd (e T AIS2 AIST SlagSII L (5l g
el )3 yaud (dlgizee Cunsg (woyp (¥ Jon) 250 Po (6355 slaws 10 9 AaSi o 5l (aoys /YD) yawd (glgie
A1Sy bgle cuiS (glajloys 9 Slodl wie (2B cusS lon pliil )5 jaud glgizee a8 by lis Slodl jwie olS olgn
(Sadlgoie) poSJ olS (aslue ool (wlal p) bl cuiS slajla jd sl olaid] sgd & 1) loxe oy pidiy
J&sl 5> are (185 (boliy) Jy oy 4 13255 5 Gl 0390 03lo] (5 bawgi jhd iy Gl g 43y sl ) ks
Cawd 4 AST CulS oy 3 oled plul jaud Hlade -y eSS (Rezaei-Chiyaneh et al., 2020) 3,15 oS 95y yound
b gille g 4,3 18 L5 cladig b wad colsy ;5 Sl pode olS sl oty gl @ bl s ol 4> el
Roustaei .50 ,I8" 4 &L&S)l o8l cas ye o gl 1y 095 (655 plod olS aS suds el Cj E9y » ok slbdy
Wldolow —alllids (665l )3 jaud Clo oy i &5 0 LS dilbolow g adiid balore cudS o)y 40 (2015) & Fallah,
Bl (gl gme glds alilis alB cusS b S sal cand 4 Ladls 368 43i5 cos (V-Y)
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Table 6. Analysis of variance of intercropping and phosphorus fertilizer on grain yield of
Ajowan and Coronilla

S.0.V df Seed yield of Ajowan Seed yield of Coronilla
Year (A) 1 232.63** 382.27**
Replication (Year) 4 17.81 8.40
Cropping System (B) 3 6996.32%* 2364.90%**
Phosphorus Fertilizer (C) 4 1175.23** 544 47%*
B xC 12 46.46 ns 70.47%*
AxB 3 118.38* 25.27**
AxC 4 108.92* 8.62*
AxBxC 12 23.30 ns 4.31 ns
Error 76 34.14 2.94
CV 12.83 10.81

oy S g gy Jlein] a3 )l pxe > me puE a4 s ak DS
**ns, *, : Non-significant, significant at P <0.05 and P <0.01, respectively.
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Table 7. Mean comparison of the year X phosphorus fertilizer interaction on grain yield of
Ajowan and Coronilla

Grain yield of Ajowan Grain yield of Coronilla
Phosphorus Fertilizer (kg.h ((kg.h")
Yeae 1 Year 2 Yeae 1 Year 2
Po 344.0c 3953 ¢ 344.0c 3953 ¢
B 359.5¢ 449.0b 3595¢ 449.0b
M 459.5b 47220 45990 472.2b
MB 493.9 ab 516.7a 493.9 ab 516.7a
P 5458 a 517.0 a 545.8 a 517.0 a

5,05 LSD sy, jl onlial L (gl sine ©sli5 it o yiio B> Sy il gl 45 olasSlis Jloi o s gt sb o
In each column and for each treatment, means sharing at least one common letter are not significantly
different based on LSD procedure
=MB 55,55k + 0yaud 355 S 13 p,55LS B+ 3,8 =M (¢3S + 00 355 LS )3 p TS D+ 3, 8=B wals =Py

oy 355 JiS )3 0SS Vo Bpamo =P U3l + (351 + 0y 35 S 13 55k B 3,15
PO = Control, B = Application of 50 kg ha™" phosphorus fertilizer + bacteria, M = Application of 50 kg
ha™ phosphorus fertilizer + mycorrhiza, MB = Application of 50 kg ha™ phosphorus fertilizer + bacteria +
mycorrhiza, P = Application of 100 kg ha™' phosphorus fertilizer

Sloll pods g ol aly 3, Slas y bglbw cuis p Jlo yiiSon p 1k duslio A Joa

Table 8. Mean comparison of the year x cropping system interaction on grain yield of Ajowan and

Coronilla
Seed yield of Ajowan Seed yield of Coronilla
Cropping Systems (kg.h") (kg.h™)

Yeae 1 Year 2 Yeae 1 Year 2

Ao 6212 a 704.9 a - -
So - - 2504 a 302.1a
ALSy 446.1b 426.6 b 91.8 ¢ 112.6 ¢
ALS; 2753 ¢ 322.1¢ 151.1b 202.6 b
AsS, 41990 426.6 b 69.9d 88.8d

25,5 LSD w3l oalisal b (05 me gl it S yiitio B> K JBlis gy a8 Sla pSilio Jlawd y2 g gt 5o 50
In each column and for each treatment, means sharing at least one common letter are not significantly different
based on LSD procedure

«Shadl jose ady 95 b s, o= A1Sy (Sl jode sy S b cisy o =A1ST L2l Slal jwas _So (el s =Ao
ol ) S Slodl yods a3 9o =AsS
A0 = Pure ajowan, SO = Pure Coronilla, A1S1 = One row of ajowan + one row of Coronilla, A1S2 = One row of
ajowan + two rows of Coronilla, A2S1 = Two rows of ajowan + one row of Coronilla

Slodl was ald 3 Shos .Y +-Y
S > Jlo Sy o 355 e 5 bglie ol ity oy 355 g bisbio S (slajlass JLo I
5 b e Slall yose il 5)Slos o )d S gl Jlain! mdaw )3 0y0md 365 xie O Jlo (iiSad y 5 byl
S YY) sl Jlo >l 3S0ac ity o o1y G5 0y 355 e 3 Jlo S0t 5S0en Al 5 J312)
CpyeS 9 CBlMB s b 6yl sixe ciglas a8 ol cawd 4P e 5l ([ ;0 p,59kS YIV/Y) (o9 Jlo 55 ¢ (4o 4
dol Cowd 4 Py jlass 5 (S 55 2,5 okSV-AB) g Jlo ,d 9 ([ ,3 p,5olS VYD) Jol Jlo 3 aild 5, Shae oliae
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55 4 3 5 Jyl Jlo 53 s 3,8k (it o 315 (i bgbie €S 3 Jlo (iS50t { V Jp2)
Jol sl Jlo ;5 sy ar il 5, Shae e o yieS el Cauwd 45 So alols 1 ke 3 p FolS Y'Y/ o VO /F 1 SSko b
Jlo psiSon p 15k duslie awyy (Y Joda) dol cows 4 Po jle jl moge ;3 2,5 ANA 952/ ol 1Sl b pgd
S )3 p SlS VYNV o YO/F ko b cudyi dy pod g Jol Jho j0 diby 0)Slos oy yiddiy &8 3 L bglows cuis )
£S5 oS MIA 5 5/ ola 1 Silo b pgd g Jol (slalo 15 cui i 4 ails 3,8dos l5ne oy ol e 45 Sp ailobs ]
(1665 o culBy 39 pae o 4 55 Sl e a2l cusS 3 (A Jgan) del s 4 AsSy aibels I LS
a3 )8 )l Slollwae Ll )3 35250 plie oles 5 03,55 o) Ly (59581 sloplud] (sl Sl e (slasiy,
38das g ol (Syb sl (allB cuis ol ol 0l Lilidl felge | (S WleF o gadge (pl &S ol
) slad als g Sladl qode b L5 slasS e colBy Gioliel a les o 1y balore cuiS (gl ylows 3 ol jwie
2 Fwgl g 45) Bl g )8 e (el cuw o (b e Sy g LD 5 ElB) 4 dagih) I Cons Sl puse
» S bl 3l wp > (2022) Salahi ef al. .cul o3l ials 1) o] 5Kl gl JWis 4 g ond Sl joue
@) S5 Hlos 4 baspe Jlade p eS¢ aldids (el cuiS 4 bay e Cis ol Hlade p 5 i as b lis aily 5 Sles
L el callae yimgh cpl guls b &S Wby lis 1y (gl sao@MB] pa b oS Cuwl 039 (89,8 cand) 90 sl
Jdd 4 (alld cuiS L dunlie (0 Sid go0le xeod oS Adodnline (balte cuiS (o wouS gdiliali wd) W)y (sadllas
cutS )3 oS oyl 4 asg5 b (Koocheki, er al., 2010) il Lials cobj olims & 95 Sdes § mlo Gis yuw g Culd,
52 (015 bl 53) Lol oL 05135 3500 (2355l 00 ol 3 RS WS 5, J Loghee o > 20 ol
oAl cutS s aild 5 Slas (dgr yidi g 1S 0 Iy LRl Al CisS @ cans ] il 3,Sles g 0u 15 paw Sy
oyl 5159
S 35 o
bglco S b S 5 3 (1515560 o6 5 llinsd 0428 > (6l y5L) i) cosS 51 oolisl a8 ol L5 gl
) (il lo )y Sdall s g olj gl LS 13 (e polie Cladge 2 (2P B Il 5 Cue ]
$9) 9 bz iad (ks slyme Ll el (gl e psbots ()8 + 58 + 0)hud 398 1S 5 S bSO
(S35 Canidg 5l 5yl ok it 3 UnoslS g San ) e 15 a0 o6 15615 93,8 o ol 53
Soube s GheSl oy yino lgie s (Sl yode ) ¥+ L5 cad) V) AgSy balbe i (6o pizron . Cunl ol
Uil b bolswo cuiS Lol g yuin olS 90 o (allb cuis )0 il 5 Sles ax 5108 slols Sl yole gl
5 Mk abobo Suglsie a i) lodgS Sl oslinal Lulyd )3 o 4 clie jlodlitul (giludinge 5 SIsS m <uB)
)8 b bgle €S 3l o col o olsS gy ol @l (IS sba ol oy BB Canslame b 5L
S S G oo (Sogll (50l g oliand slodgS Bpme (halS 4 Wl s sladgS
(13538 9 ;i
oled go (S8 iyl il (eole Coles Cus 4 awl oK iagd Cogle | dlde B aiug s
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