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Fig. 1- Daily potential evapotranspiration during growth season in 2005-2006
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Fig. 2- Daily potential evapotranspiration during growth season in 2006-2007
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Table 2- Variance analysis of nutrient resource and planting system effect on water use efficiency during in 2005-2006 and

2006-2007
©la o aSbe
Mean of square
2006-2007 2005-2006 REPR 55 ol
3 Slos Cows 4 o 3, Sos Cows 4 o d)df.) ”“:Oé\’/
Seigdom 245 8o Seiddom 23, Sdes
On the basis of On the basis On the basis of  On the basis
biological yield of seed yield biological yield  of seed yield
16.15™ 4.02" 508.32™ 14.55™ 2 Sok
Block
856.83™ 22.28™ 115.32™ 172" 1 Sl e g9
Nutrient resource
Voelbs
64.86 4.18 237.06 8.35 2
Error 1
112.46™ 2797 311.217 2427 12 C‘,‘“ )
Planting systems
sk Y ns ns cuwls dﬂ‘)(dlda.hj éM
169.27 10.78 112.09 3.01 12 . i
Planting systemsxnutrient resource
4491 2.02 65.58 5/00 48 Vol

Error2

sz pe NS g duopd g Jain! paw )3 5 gizo 1 o> S Jloin] o 50 o ixe e
**: significant at a=0.01 probability level, *: significant at 0=0.05 probability level and ns: no significant
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Table 3- Effect of different cropping systems on water use efficiency in two years

2005-2006 2006-2007
(oo 2 05) O bpuo 2, (oo 2 05) & b puo 2,5
&5gS oL Water use efficiency (g.mm™) Water use efficiency (g.mm™)
Species S am 3,5dos Cums o 339 3 Slos s 4 S P am 3,50 Cums 339 3 Slos s 4
On the basis of biological On the basis of seed On the basis of biological ~ On the basis of seed
yield yield yield yield
Pan 25.60°" 2.25% 25.98% 1.63%%
Pen 11.08° 0.74¢ 59.28° 0.008
Set 2223 6.71* 23.95% 4.47%
Soyv 20.05°% 6.13® 21.48%%° 7.39°
Soys 19.540¢de 3.67°¢ 13.55° 2.79%%
Soyg 30.67° 6.05% 9.41¢ 1.14°t%
Se 13.20%f 1.89% 10.94 1.87%f
Tri 16.57°% 3.00¢ 18.53%" 5.85%®
tra 478" 0.78¢ 17.39%18 1.09°'
pps 24.79% 2.01% 40.28" 0.75'
sss 19.320% 3.83% 12.33% 3.41¢
pss 28.60% 2.99% 28.37° 2.76°%
pstt 17.06°% 1.50% 27.17° 4.41%

)5 20> gty Jloi o 53 (6l stme Sglis ()Mol i Sl st 0 3 S ptte By gyl (gla i Siko
* Means with the similar letters in the each column are not significantly different at p<0.05.
Ol ATl allid 8€ 1568 SOYE ¥ 5,5 05, ~bigw SOYS s o5 ~bigws SOYV ellyg o) ~bgus SCL (alg) p3 5y PEN (s g0 1) PAN Jgane 5]
PSHE ol —aldhid —aouS = Jgane (1)) PSS 268 ~bgw = Jgone (5, SSS T (55 o cjolhig thigw PPS (2l p3 —Jgane )y ye o)) dTa
pan (common millet), pen (pearl millet), set (foxtail millet), soyv (soybean, cult. Viliams), soys (soybean, cult. Sahar), soyg

(soybean, cult.Gorgan 3), se (sesame), tri (fenugreek), tra (ajowan), pps (3 Millet species), sss (3 soybean varieties), pss (common
millet, soybean, sesame) and pstt (intercropping of millet, sesame, fenugreek, ajowan).
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Table 4- Effect of nutrient resource and different cropping systems on water use efficiency in two years

2005- 2006 2006- 2007
e sl (oo 2 05) T o (oo 32 05) T Byao 2,
Sl dss CusS Water use efficiency (g.mm™) Water use efficiency (g.mm™)
Nutrient Planting Seigon 3 Nos w5 2 8,5es s Sigdon 3 8os a1 3 Nos o
resource systems On the basis of biological On the basis of seed On the basis of On the basis of
yield yield biological yield seed yield
pan 30.85° 2.65" 19.329¢Tehi 1.20%"
pen 10.36 1.02° 47.16° 0.00'
set 31.62° 4.93° 27.02°% 3.24¢0efeh
soyv 20.63° 6.53° 12.97hi 3.75%dte
soys 16.56 2.45° 12.69%h 2.24dcfeni
Jisgs soyg 39.55° 6.62" 8.09" 0.98g:f
Manure se 10.71° 1.50° 7.211d f 0.99¢h
tri 14.18* 2.45° 25.32%% 7.97°
tra 4.07° 0.68" 12.71"ehi 1.39h
pps 21.11° 237° 30.67% 0.76"
sss 19.42° 4.06" 9.9g" 2.04°Tehi
pss 29.72° 255" 23.57°0fe 1.17%0
pstt 20.52° 1.79° 28.86% 4.88%
pan 20.35° 1.84° 32.63° 2.06°N
pen 11.81° 0.46" 71.40° 0.00'
set 21.84° 8.48° 20.8gcdefehi 5.70%
soyv 19.48° 5.72° 30.00% 11.03°
soys 22.52° 4.89° 14.4]¢tehd 3.350efeh
ne 355 soyg 21.80° 548 10.7380 1.30%h
Chemical se 15.70° 2.28° 14.6g¢tehi 2.75dfehi
fertilizer tri 18.96° 3.54° 11,748 3,720t
tra 5.49° 0.88" 22.07°%fen 0.79M
pps 28.47° 1.64° 49.90° 0.75"
sss 19.21° 3.61° 14.68°ten 4.79%%
pss 27.47° 3.44° 33.16° 4.35%¢
pstt 13.60° 1.19% 25.47°%t 3.94°%t

)5 203 gty Jlot s 53 (6l stme Sglis (5 Lol i Sl st 0 3 S pnte By (gl (gla i Siko
* Means with the similar letters in the each column are not significantly different at p<0.05.
Ols AT allis S€ 4uS SOYE Y (55 08) ~bigws SOYS e o) ~liges SOYV oy o) ~bigws S (g p3 15l PN (s3)l550 013)) PAN Jgoso (35)]
PSHE ol —aldhid —aouS = Jgane (1)) PSS 268 ~bigw = Jgoxe 05, SSS ¥ (55 o cjolhig thigw PPS (alg) p3 —Jgene )y ye o)) dTa
pan (common millet), pen (pearl millet), set (foxtail millet), soyv (soybean, cult. Viliams), soys (soybean, cult. Sahar), soyg
(soybean, cult.Gorgan 3), se (sesame), tri (fenugreek), tra (ajowan), pps (3 Millet species), sss (3 soybean varieties), pss (common
millet, soybean, sesame) and pstt (intercropping of millet, sesame, fenugreek, ajowan).
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Table 5- Variance analysis of nutrient resource and planting system effect on nitrogen of leaf, stem and average of plant
nitrogen in 2005-2006 and 2006-2007

Ol po (ke
Mean of square
2006-2007 2006-2007
e 39 €\ o o el 039k s
0395 bawgio il S 2 09 0395 buwgio s SROM a .
(o y3) oLS (o 43) (a0 ,3) oLS (a0 49) i % @be
? (M b) 2 ? (.\..o b) ? Ls"‘)‘ S.OV
Average of I Leaf Average of 7 Leaf df O
plant nitrogen Stem nitrogen plant nitrogen Stem nitrogen
(%) nitrogen (%) (%) nitrogen (%)
(%) (%)
S
0.58™ 0.08™ 1.46™ 0.43™ 0.75™ 0.47" 2 >
Block
Gluds aie g9
0.24™ 0.02™ 0.21™ 0.03" 0.21™ 0.28™ 1 Nutrient
resource
0.59 0.04 1.00 0.19 1.04 0.34 2 Vsl
Error 1
Aok ek ek Aok ek ok L’AA:)lS Y l
2.24 0.96 2.07 1.34 1.82 3.42 12 . o5
Planting systems
cslS oS shpis guio
0.43™ 0.21™ 1.05™ 0.40™ 0.95" 0.52" 12 Planting
systems*nutrient
resource
s
0.28 0.24 0.73 0.33 0.48 0.57 48 Vo
Error 2

sz pE NS g duopd iy Jlain! paw )3 5 gz 1 o> S Jloin] o )0 o pixe e
**: significant at a=0.01 probability level, *: significant at a=0.05 probability level and ns: no significant
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O (S sme OS] a8 wudly s (Brassica napus L.) |18
9 Sl 3929 ol (slaplisl 3 (1,5 Glie s 5l Pl
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Table 6- Nitrogen percentage of leaf, stem and average of plant nitrogen in different cropping systems in two years

2005-2006 2006-2007
o Ojardbegle dBlu s Sy 0o Oior gl MBlw iepe S e
45; (wo,3) oS (wwoyo) (wey9) (wwoy) obE (wwoys) (wwoy2)
Species Average of Stem Leaf Average of Stem Leaf
plant nitrogen nitrogen nitrogen plant nitrogen nitrogen nitrogen
(%) (%) (%) (%) (%) (%)
Pan 136 1.38°¢ 1.83 1.60 % 1.06 ¢ 1.66 ¢
Pen 1.67% 1.51°¢ 171 1.61% 1.72% 1.62°¢
Set 1.38° 1.17°¢ 1.39¢ 1.28¢ 1.11% 1.63°¢
Soyv 2217%® 1.67°¢ 2.62° 2.14 b 2.04° 2.38 %
Soys 1.70 ® 2.57°%® 2324 2.44 % 1.33 2.07°
Soyg 1.75 % 1.79 b 2.39¢ 2.09 b 1.39 % 2.11°%
Se 1.58 1.22°¢ 2.26° 1.74 <% 1.18 % 1.98°¢
Tri 2.59° 2.96° 4.03° 3.50° 2.03° 3.15%®
tra 2.74° 1.97 % 3.49 % 2.73° 2.15° 3.34°
pps 1.45 % 1.14°¢ 1.40¢ 127°¢ 1.21°% 1.68°¢
ss8 1.34°¢ 122°¢ 2.50°¢ 1.85 1.07 ™ 1.61°¢
pss 1.46 " 1.55°¢ 2.06 1.81 1.17 % 1.76 ¢
pstt 2.12%¢ 1.72% 234 2.03 1.65 ** 2.58 %

)15 oy gy Jlozn s )3 (5l sine gl (g )lel i Sl g ) Syitie By (gl (slaSile
* Means with the similar letters in the each column are not significantly different at p<0.05.
Ol AT allis 8€ 168 SOYZ Y (5 08y —Lgw SOYS o o8y —Lgws SOYV olilg o8y —Lgwr SO gy p3 (5, PON (s)lg50 03] PAN Jgoso ()
PSH o) —alis —a0iS — Jgane (1)) PSS 1S ~bgw —Jgane (1)) SSS ¥ )5 om0 cjalihg big PPS (2l p3 = Jgome —s)lg e )] fra
pan (common millet), pen (pearl millet), set (foxtail millet), soyv (soybean, cult. Viliams), soys (soybean, cult. Sahar), soyg

(soybean, cult.Gorgan 3), se (sesame), tri (fenugreek), tra (ajowan), pps (3 Millet species), sss (3 soybean varieties), pss (common
millet, soybean, sesame) and pstt (intercropping of millet, sesame, fenugreek, ajowan).
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Table 13- Nitrogen use efficiency in millet, soybean, sesame and fenugreek in different cropping systems in 2005-2006 and 2006-2007

2005-2006 2006-2007
gt S S S S5
tt tt
Species 1 i i Monoculture pes i Ps
2 1.98" 247 2.06% 2.26° - 223 199°
Sesame
Lgw 105" a . 4778 R 2 940 _
o) s nime Soybean 2.05 1.46 233 324
Leaf nitrogen (%) heieid 315" 25 = 4,03 5 z 317
Fenugreek ! : ’
ok 334" - 25 3.49° : 2.74°
Ajowan
ol 118" LI* 158 1.22° - 089 1.30°
Sesame
L.'.S"‘ gl A < 29720 £aa -
(a0 y3) adlu 359 550 Soybean L2 s - k3
Stem nitrogen (%) Al 2.03° . 1.87" 796 . 2 68"
Fenugreek = f i w
ok 215" 149" 1.97° 137"
Ajowan
ot 7.71° 6.40" 229" 2.75° - 0.73* 157
Sesame
Ll)" 218 XL a a
: ' 831 851 - 5.29 2.76 -
(&30 50 3 p.5) IS 3955 oo Soybean 0
Amount of nitrogen (g.m") R 12.79" R 574 12.68" . . 5.5q
Fenugreek - ' - -
o 435° 029" 13.56" - 0.98"
Ajowan
; i 0.31° 0.26°  0.09° 011 0.03*  0.06"
Sesame
bge 4 ca a b
I P 0.34 0.35 - 0.21 - 0.11 -
(5 2 055) Disss wix 2,8 Soybean
Nitrogen absorption efficiency (g.g") s 0.52" 0.50° 022
Fenugreek T : o
ok 0.17* - 001 0.53* - - 004
Ajowan
K vicd 1.59" 003" 011" 1.36" 003" 0.03"
Sesame
bige 1 a a a
i : 3.06 1.83 = 1.89° - 1.40 -
(05 7t 25) (13 3,808 s ) (33750 S a6 Soybean
Nitrogen use efficiency based on seed yield (g.g”) kb 2.40° . 0.26" 4.06" B . 223
Fenugreek L e ; o
il 0.62" - 04 0.76° - - 022
Ajowan
il 11.06" 187" 144" 7.96" - 138" 140°
Sesame
LLS"" a zh a 3 a
; 3 ; 16.39 7.05 - 9.63 - 5.95 -
(055 1 205) (Kojalam 3 8las s 1) ()58 5ind B pacre ol )18 Soybean
Nitrogen use efficiency based on biological yield (g.g™) e 13.25" R 112 12.86" ~ . 871"
Fenugreek = = = '
il 3.82° 0.89" 1207 0.99"
Ajowan

518 23 iy Jlets! a3 (g )f3 fne Sl gplel i ) (el Sl a (sl g ke a3 S ke By (b slaSile #
* Means with the similar letters in the each row and year are not significantly different at p<0.05.
PStt ol -alilid 4508 = Jgane 1)) PSS 2205 ~Ligw = Jgens (551 PPS (8lg) p3 — Jgens —cdulyye o))
pstt (intercropping of millet, sesame, fenugreek, ajowan), pss (common millet, soybean, sesame), pps (3 Millet species)

5 3o Ol bl (Jgeme 05)) & cal (5l S s

25 bglse 5 LSS slogSll > glite S pas g ol 2]
03 IS S5 L dolie 3 bl ol )3 (5955 e
L aomS g b o) byLoee SIS all 8l JialS (Jsene
GhLS s Jgane 03] (2855 255 o stae ()] S S5
onl 29 byl (lacuiS 4 Coms (6 5YL (595t GBpae g Ll

0 s3)laye i)l g Blgy o ()l plalS 3590 )3 Sl Ay,

olel )y as s, S iyl § (Vandermeer, 1989) y0,40l
Oiar Oljee (e D90 SV sk pf 9 Y5k bglee (slacuis
Bl 51 Sl 48 090 palls laciS ) i (alS
Pl =0ly 9 (SaallKoegs 25 bglse lacutS > (i)
cois 48w sl bl (Szumigalski & Van Acker, 2006)
auglio )3 53Vl gy Bpas (2l 3556 5 IS puiS gl
] NP S S R VR S A SR v



VAP Sl ) oylod ¥ alor (6yglies ol pgs 4g pid YA

LBl liens sladiy 5 siaS g o515 Cde 4 (ISSS

6 25 4o

O3l 4555 A bglSte (o) )90 bglse slacidS o
il (Sosdon 0, Shos s 1y o e 1 (it
39290 by 9 pid (0595 Gliwe 5 5| bolse oSl (35
byl g by ai)ly dw bylo qraw 221y )5 (LS éL
» olalS moee Gl L oIS sk 4209 1258 9 bigw )]
S5 Sl ) (=) ool 3 L g bsle sl
sbalje sl odlil oMo el)j plalS g9 ialjdl g uiS
e 58 g0 ool Sl plyie ey 5> () g5 il
Dges 0dlawl

4 (Li et al., 2001) lLSen 5 (J 4l (VY Jodo) a onnliio
9 0, Slas a S waly HLebl 185 ol nizbly cowd Jalate goli
b 40 by e At 53 09 5 bgw 155 53 it i
Baumann ) |)Kes 5 log dg (el cuiS 1 b (g)b oxe
byl cis (o y5e,mis wds oS 00,8 5155 (et al., 2001
Allium ) —%,50, 5 4 (Apium graveolens L.) .3,
Bl Felas b S S SS b awslde 4> (@ampeloprasum L.
5 S ol it b oS olS )3 AYAF-AD sl Jlo

o=l (g el piali8l S gt wop byl 4 (ISSS
Wb 5 Al g aouS 3 als Job pgd Jlo )3 55
= O Byme g i alLS e 1y ) ()35 55 3
BlS ] LSS )3 (Siom 2,Slas 551 38kes s
LS ol cul s sl (I J32) 350 Lol (slagSIl 31

&l

Alizadeh, A., and Kamali, G.A. 2007. Water Needs of Plants in Iran. Imam Reza Publications, Mashhad, Iran 228 pp.
(In Persian)

Baumann, D.T., Bastiaans, L., and Kropff, M.J. 2001. Composition and crop performance in a leek-celery intercropping
system. Crop Science 41: 764-774.

Caviglia, O.P., Sadras, V.O., and Andrade, F.H. 2004. Intensification of agriculture in the south-eastern Pampas, 1.
Capture and efficiency in the use of water and radiation in double-cropped wheat-soybean. Field Crops Research 87:
117-129.

Graham, P.H., and Vance, C.P. 2000. Nitrogen fixation in perspective: a over view of research and extension needs.
Field Crops Research 65:23-106.

Hauggaard-Nielsen, H., Ambus, P., and Jensen, E.S. 2001a. Interspecific competition N use and interference with
weeds in pea— barley intercropping. Field Crops Research 70: 101-109.

Hauggaard-Nielsen, H., Ambus, P., Jensen, E.S. 2001b. Temporal and spatial distribution of roots and competition for
nitrogen in pea—barley intercrops—a field study employing P-32 technique. Plant and Soil 236: 63-74.

Hauggaard-Nielsen, H., Andersen, M.K., Jarnsgaard, B., and Jensen, E.S. 2006. Density and relative frequency effects
on competitive interactions and resource use in pea—barley intercrops. Field Crops Research 95: 256-267.

Hulugalle, N.R., and Lal, R. 1986. Soil water balance of intercropped maize and cowpea grown in tropical hydromophic
soil Western Nigeria. Agronomy Journal 74: 86-90.

Lal, R. 2000. Soil management in the developing countries. Soil Science 105: 57-72.

Lehmann, J., Peter, L., Steglich, C., Gebauer, G., Huwe, B., and Zech, W. 1998. Below-ground interactions in dryland
agroforestry. Forest Ecology and Management 111: 157-169.

Li, L., Sun, J., Zhang, F., Li, X., Yang, S. and Rengel, Z. 2001. Wheat/maize or wheat/soybean strip intercropping: 1.
yield advantage and interspecific interactions on nutrient. Field Crops Research 123-137.

Mannion, A.M. 1995. Biodiversity, biotechnology and business. Environmental Conservation 22: 201-210.

Nassiri, M., and Elgersma, A. 2002. Effects of nitrogen on leaves, dry matter allocation and regrowth dynamics in
Trifolium repens L. and Lolium perenne L. in pure and mixed swards. Plant and Soil 249: 107-121.

Neumann, A., Schmidtke, K., and Rauber, R. 2007. Effects of crop density and tillage system on grain yield and N
uptake from soil and atmosphere of sole and intercropped pea and oat. Field Crops Research 100: 285-293.

Ofosu-Budu, K.G., Noumura, K., and Fujita, K. 1995. N, fixation, N transfer and biomass production of soybean cv.
Bragg or its super nodulating nts1007 and sorghum mixed-cropping at two rates of N fertilizer. Soil Biology and



VA Lpan T 5 o015 LLS &5 9 Glasdss g Jilixe ST (il 3!

Biochemistry 27: 311-317.

Rangasamy, A., Krishnamurthi, V.V., Rajkannan, B., Iruthagaraj, M.R., and Ajyaswamy, M. 1988. Intercropping of
rows of green gram in cotton. Seed and Farmers 14: 20-23.

Sveénjak, Z., and Renjel, Z. 2006. Canola cultivars differ in nitrogen utilization efficiency at vegetative stage. Field
Crops Research 97: 221-226.

Szumigalski, A.R., and Van Acker, R.C. 2006. Nitrogen yield and land use efficiency in annual sole crops and
intercrops. Agronomy Journal 98: 1030-1040.

Tengberg, A., Ellis-Jones, J., Kiome, R., and Stocking, M. 1998. Applying the concept of agrodiversity to indigenous
soil and water conservation practices in eastern Kenya. Agriculture, Ecosystems and Environment 70: 259-272.

Vandermeer, J. 1989. The ecology of intercropping. Cambridge University Press, Cambridge 237 pp.

Vandermeer, J., Van Noordwijk, M., Anderson, J., Ong, C., and Perfecto, I. 1998. Global change and multi-species
agroecosystems: concepts and issues. Agriculture, Ecosystems and Environment 67: 1-22.

Walker, S., and Ogindo, H.O. 2003. The water budget of rainfed maize and bean intercrop. Physics and Chemistry of
the Earth 28: 919-926.

Whitmore, A.P., and Schroder, J.J. 2007. Intercropping reduces nitrate leaching from under field crops without loss of
yield: A modelling study. European Journal of Agronomy 27: 81-88.

Zhang, F., and Li, L. 2003. Using competitive and facilitative interactions in intercropping systems enhances crop
productivity and nutrient-use efficiency. Plant and Soil 248: 305-312.



Journal of Agroecology
Vol. 7, No. 1, Spring 2015, p. 20-37

s e b
LA GiAy

SH9LS (ol pgr 4y il
YootV .o ATAF s d o)led ¥ al>

S5 93 il 53 Shas szl oo Shas bl slapan> 5155550 b il 51 )

(Trachyspermum ammi L.) 5Li; o (Foeniculum vulgare Mill.) £G 30, 29,05

L. L, . Y . Y Z. . #*) .
B3 g dep F g Rl sl O (Se S Lo Hle
WA/NV/Y0 il 55 4o b

LXVLCES

oLs; 9 (Foeniculum vulgare Mill.) a5bjl, (a8 g o 3,80es iy o (65lol iliso golaw g 15950 b il 51 ) yslate 4
WA= g WWAA-AR el)5 Jho 93 53 doiio (owgd b oSy (¢5y9LiS oSty  Slidos ae 3o iulojl (Trachyspermum ammi L.)
oo 5 (sl (5 5 sl ) i 59 9 oS b sl 1 il 55 b ol oIS (slacSe b B 5 9818 500
Jold (yp 3y90 Slino i 45 jlas 13 pgd 9 Jol )5Sl lgie 4 i 4 (IS 3 caSapte Teee g Ve Vet o s 3 ()
3y Sas sl 5y Sloe (45 Jlia 59 9 Sy jd ash olas ) ;0 Sy Sl gy pd yin Sl ¢ Wl a3l D das 31) 5,Sas (413
il 2y Slos ¢ Sy59dam D)_gsLo&)_gd)LfJ sl 51550500 b el oolw y3las oly L gl Dgr 4355 90y Luilwl dopd 5 (SS5e)ow
Selam 05Slas 1355550 b el baslyd 13 39 (PDSe/+Y) Jhgime 55 5 abjly il 5,See g Luilul doyd 0 Sdas (slinl il p sl
A Gy a ol g bl a3 ySles S cage [52)58e B b i jor (izmed D9 myesie 05 YV 9 O+ i 4y ol g L)
9 iy g0 o3 Ve g ¥IV o an L5 5 bl uilel 2o pd 15556500 b el baylyd 53 o0 3ald b duslie )3 00> AV 5 ¥ lie
xSayio Veoe g (@apnyio p p)S g MF L a) 1S )3 oo Yoo (ilol w4 G5 g WLl Wl 5 Slas (a8
ol pe 3 (Ao d YIF 9 ¥+ b iy ) olij g Abjly (uilul (ljae oyt el Cand @ (@posio p )5 /Y M/ b sy 4,8 )
Slapse Jolite 510 sanlie (o)d YA 9 YV b iy ) )kSe 0 caSogio Yoor ()bl pos )3 ol olise opyieS g cnoyio Voo
LS o ol Wiy o ool a3l dlaw) Abjly 5 Sles linl (B g iy (a3l ( SKiden 3,Sles p 15,650 2,8 L zdl ¢ (o)l
L gl g (DSe/0) o pixe (w13 5 50 9 Sy 50 dld olas iy 5 S i dlaws) Lo g (S o by slaw 5 i )0 S yin law (Wl
4 (i g Cugby (onli Cucly gl ) s dawgi 90 (iren 9 oL A8y S e (Sfglon dlge 9 aigeson Elgl adgs > 4 152)05e
aw g gy 15y 390 b ()bl poes Liolsal sl Jlis a1y 5 Slas g (caidy Sluoguad dgugs 4o 10 45 13,5 jhad ofg 4 2lAE yolie
W Sy e d9u0 g Frawgd Cas i3] ey 0008w gid

o (29,0 oLS ( (Safslgm 355 1 gulS (sWojlg

.(Lupez-Lutz et al., 2008) x4 0 odlitwl calises (sla g )los
Jb 3 oyt g iw b 3 () GlalS ol LW 05l
olejlw 5135 wlo (Hecl & Susrikova, 2006) ¢l 5l58l
oberd sl gl pye 203 A 5l i 090l Sle il
Jo¥s ales 5laiil o diwnly w4 Gl (sl 6 )low
3 ol g (LSl pas @ plgi o0 (2910 LS Cuonl e
S92 pAs 3 g (Sohan slagdy jl ekt L (oalS 0550 dlge
Omidbeygi, ) d9-0 0,L3l (LS (slag)ls )3 Liie il Iyl

dodio
sbapllas )3 Glogg ol gy Ly 5l (2l lalS cusls

S syl 5 g5 sloml pb el cnl g 039 ol (g
OLn)b ‘51)_3 390 LSLmQLp)’ B u—.’.?)l‘) QL&:LS ..\ilob)f elay| b

obatiwl o ely; (ol pamy (695 (gl oliwl iy 4 —F o V¥ o)
(Email: akooch@um.ac.ir : Jytue ot g5 —)



YV bl oyl 495 90 uilisl 33 5o (sl52l o, Shas 1 (53l Slopa> 9 1515950 b gl 51 (om0

Melissa officinalis ) a g sl uilowl (oo wol i
(Holtzer et al., 1988) |, 4 j,dsn .cély iul8l (L.
4 a) )l (e 5 LS Glacais 5 oS o wxib oy
= lodsyajl g S ymme Sl ailgs e (odlitul 3590 O woes
S sl > w3905 5,155 (Shabih et al., 1999) ), Kea
e 52l Al g 4y bl dlas §) 4l chcdglio ags
L olgt 48 sy e i & izl e 181 (ol
5 =S 5 9 2by (bl ohug 4 oy else o el eolital
S 3 sl co 1y ag)h Glals s

St (bS5 Ses 9 45 3500 3 e Jelse ) S0d (S
Bl 5 (Saials ol sy aimd o )15 b o 3 ),
Ol 0 (S Jom 4 poie (S 2lie polie e o
)_.oL.S u_:‘ uuﬁl u_l.cl as .)9.\0@ c‘.gf Lg‘f )AoL.C L$'>)J u.).>
085 a8 3 Lol (g OIS sl (6355 dnog calple
sladgS il oolaiwl ol Sas ax 51155 0,8 Cygo 368 3)lge
I) D)J;_A odls ul)_.uo LS—J5 cbb)f g0 I) Jy.a.?u u“-i‘ﬁl liseo
4SS Uk dbul lge oyl AlSisie slial o Sleuw b g dad ials
sl 4l flals ool coas 1) oelhels 5l coles
.(Omid Beygi, 1995)

=S 9 5 by S Sl 98 S pole I (S
Vance ) ,)LSen g Guily diwly cpon )3 il oo yand lalS
YooFe Lials el yaub deeS a8 i ol (€t al., 2003
Sardans et al., ) ol,Len 5 uils )l 03 5 Shos (00
d)l_A))Ub_\_lfﬁ A :3))_{‘) o Q‘ro.b‘)s(zoos
oS L3905 4555 9 oy (ROSEMArinus officinalis L.)

903 (29)b 455 ol (o) Sluogad deu el Hand il
hons sodgS 3l odlatul ax S1.cusly o el e b
b Jy 0gd lalS 3 )Sles 5 gad) Sluogas o0 el S5 o
5 e Coj Lo o)l g claania ol 4 4y
OlalS (&S Sloogad p olesd (b35S g il riren

e glio g3 e 4 og)h LS Cuenl (i 5 (1995
oo Jalge 156 cov e plie ol e sl 466 sla
Omid Beygi, ) sib o S ol g o, lie
Jones & Corlett, ) b oy S 25 bo ol 31995
S Cagby oo & canl 03l i (19925 Munns, 2002
S g (o5 3yShos 5 D) M s Julge (w ptete Sl (S
W Y QLQLS

ples 53 LalS goi g 4y yo Cagby (i 8l a8 bl
O Gl a s Jolpe Sl (B g G Ol 485 Sl
‘_r)‘)DU le_mb)9.) (o d)L»] UL") &.Ja.v kY] 6AM)1J‘_;¢ )SU»LWo ui
a U:Lu_..m &l ‘d)L.':J.T cuslio sl 3l ool 9 olS wi,
Alkire et al., ) o LSen 5 IS 5505 &y y5 3 Shes yiSTus
aS 15,8 sanlie g ), (Mentha piperita L.) il
5 Bl oSy LS (g 5 olS glis) e Sple Jobo o i
Cuminum ) s opj ades 5l gyl Lol 5l odlass
S (Jangir & Sing, 1996) (cyminum L.
(Surendra et al., 1994) (Coriandrum sativum L.)
Hasani & Omid ) (Ocimum basilicum L.) ;) 4
= e 13l bl oS el o3l Lis ;5 (Beygi, 2002
ol &5ty o Jhas s 1 sl 5 Shes il g 5 Shas
.D)l.) O‘)o.h LY ‘) OLE JAL( Jw)) 663940 & 9 ‘_rQlS

(29 SBLS (o8 3 ,Shae 9 155 (gl 3b5 5B 2 0
oy g ol sl s 4 a5 ol ool i Gliiss Sy guls
ol Cape 5 lel gl plS 3 456 cdpbe Ay
Slogad 1y i 4 b Ly el oloj 5 e ol
sl wyy mls diwly et 050 ash LS pl S
1 as sl ol (Razmjoo et al., 2008) o, Ken 5 9505,
Soop 5 ) (dng) Slogad 1 (Ll iz glag)
2 )b e (Matricaria chamomilla L.) sgb il
ol cgme LialS (Sing et al., 2002) ) Ken § Ko
Pogostemon cablin (Blanco) ) cua glis ag)ls 465
5 S 53l dsges 5135 1y ylal e Ltali81 L (Benth.
il b &S woges 5,155 (Ozturk et al., 2004) ), Kea



AP L o) o lod ¥ w6559l (ool pgy g pii Y'Y

L’)‘)l_{«m 9 WH] O-ed oyliize S50 .(et al., 2006
- Jodoxe Cldg 2903, ol b idls (Antunes et al., 2007)
P 83 g aige pals iy )l plaie 4y Clind oais
a5 s il e 53 lodges e (5135 Slapliipgs
465 dls a5 u0s,S )35 55 (Copetta et al., 2006)
Gigaspora ) 1j, s See Cowjon g8 655 4w b bx) (29,
rosea BEG 9, Glomus mosseae BEG 12,
s Lil33l el (Gigaspora margarita BEG 34
Sblaiil e o Jobo 0398 Comj o3y o g dlawi Bl glas)]
OhlSan 5 oS ad als b aglie 5 il 50 5 ) 5>
32 50-Su0 L geedls 131 w0 U 35 (Gupta et al., 2002)
Glomus  « 55 (VAM) Vs Suj9—,VsS byl
5 bl 5, Sloe iy iy enmliwiolS  INtraradices
(Mentha arvensis L.) glis cilise s, plie polic Gl
S_id olo 3,Slas 5 £lisy) yulss ody Sluogas a5 il ol
8 il Wb cou ()b ime yab 4 uilil Loyd g soixe o
0329 s By E polie yuby 4l5S & g b gl .cos
o=l i Gl an ) 35 cul S gy baee 5l jaud
WLl G S5 polie

Sl ol 22 ol 5 ) ol Cambse 4 225 b ol
ol 3 adlbe plosl o gg)l> (LS cunl (yinren 5 sblie ol )
P EPUPES I ST O RO RN =S PPN PHvy
1Ay i dawgs (S ind (conld 15259500 )8 i
2 230880 tajen g (5)ll Cilie slapze Sl )y Sua
9 95b5l (gl 4355 93 (S g (oS 3Sdas () Cluogad
A5 1l g (b sgde 2lsm g Ol Ll )5 l;

sy, 9 3lge
S 5 15580 Cajor g L gl I gy yslaie 4
5 bl )b 65 90 (&S g o8 3 Shes iy o)l il
olStily (g5l eaSotily (i ae)ie )3 (lesl ol
bl Job b dedie (3555 (spteglS Ve )3 @Bly) dadie (92,8
o jl e QD gl 9 YEO VAN LLélas o,e & YA'E

1- Vesicular-arbuscular mycorrhizal

2926 SB (535l 390 slp I (sloag Sl slisl 29>
oy g0 sl 4y dude

ChS o o S5 e b 4 g b s i
Omid Beygi, 1995; Omid Beygi, ) 4l slels
OLalS ool olerdgn sl o bl | uoren 5 (1997
AU e b5 i 4 13k Jpame b oS s o
Sardans ) asb o S )3 34390 23 polic g Cugb, lime
et al., 2005; Surendra et al., 1994; Vance et al.,
IS olgme 4o Wl o JT slaodles glgil 5l ealil (2003
S 9 (oS Cloogad S o Fhe (Bldpy (bl
oS Jl glosiss jdiols doa 5105 )15 Jlaise 29yl LS
e s W3S xS )3 el 3590 dinej ol ) Wl e
ly oalS b o blg5 &S ool Sao oy 5 il
)5 il 525500 6 & o e

Ol osly; glapllaipg 13 S s3> Olgis @ 155950
D Cmjon GLalS (i g (oS Cloogad gm0 p (ke
23 Slge s o (sl oS (gl s Jlab e 38l
Kapoor ) SB jaud e 99 ol bl s p3 039 4 S
5 Jiwgd 3o €t al., 2004; Kapoor et al., 2007
Cardoso & Kuyper, 2006; Copetta ) bl 5,8

et al.,, 2006; Richter et al., 2005; Morone-
» ol Gras o8 a8l (Fortunato & Avato, 2008

o)l (Estrada-Luna & Davies, 2003) b lalS
S99 (Sid A5 dlor I (aoee (oIS 4 S Cunglie
Feng et al., 2002; Kothamasi et al., 2001; )
5 2LS Lo gay9n clale iliél (Pinior et al., 2005
o8 (Cardoso & Kuyper, 2006) J_i4,18 ¢lyo
El-Mougy & ) lacs)las 5 bl dlas 4 s (e Cnglie
5 (Abdel-Kader, 2007; Harrier & Watson, 2004
Celik et al., 2004; Oehl et al., ) S1s laaslow dgu0
- o Camjan LS ) ol Cute i ) oleaiges (2004
o Candg 3t sl Cnjon LB opl b g jon 3L
St slapllipg ) (ll ol S s psb 4 09 00 lalS
S90S dn ) d9mtg ol S (L (B )l (it D90
Uhlmann ) slesls s balps cpl 3 jaud g Ol 4 o yiwd



Yy

a3y 29510 WS 90 uilisl g 0 Sl (152l o ,Shas 1 (53l SLop> 9 1515950 b el 1 (omiy 2

e 3 (BpS Cgr B 03l JL8 aydy 50 g o
g 3 plosl cdlS 51y AloliMly (5Ll gl (oS
a2 b lals JolS 08 o 1 e ole 6 1 et slags ]
an ol ghaie .28l ashl ad) b oL B ylol e
258§ ooll gy (gl i 3)90 O L 590 (slapore
5 Lay S olal diylass 51 LS 51 ¢ pSols capn s oslitl
Wy b ol 53 .003,5 plogl asllus Mol o 4 oS,
Aol 4y g CullS 5l g als g ) g aw 3 alacile Jyus
A8 plosl s g Gl I (LSe j9y VY »

plsl s g S i 3y5 loj 10 olS 90 Cuiby Gldas
S Jols) 3 ,Slas slin] olKiulesl 4 basgas JUis! jl u a5
2 ol iy > Sy Sl Wy oy ol (b 3L
g 4l 5, Shos e Ly g 05 (S0l (Wl Yo g 5 Sy
355 Al GlalS cuilyyy el ( Sf5len 3 Ses

J oS g 4y YA o VWAA-AR ely; Jlo 93,0 (L
oty (b )5 4w b (Bolas o5 slaS ol )b I
9 9 il L) e 9 53 1520500 L el (talosl (ol 50 105
Fove g ¥ere dee) g i (6l sl 5 (il
B3 p9d 5 Jgl Jsle Glsie a4 (S ) anSa e
WPV IS

e N PEUCI BN
S 039t Jel) oyied B (Game ol i i) SL-
Ve s il o piges (SB il s BC PH (ol 5y
ialejl slo S okl ad sl Gialejl (slipl Joe yia b -
A s )5 L e K S ol g e Sy dlold 5 e YXY

Ao hd) (895 5 Ad) (pm Alolb L lalS culls olles
Ve olals cosls pl&in 3 b pll e lo Vo 900 Sy
« (Glomus intraradices) 1,5 S 7,5 (9l> S 5,5

S loaigSy b Clwogad (& gl ) Jgs
Table 1- Soil physical and chemical properties

SBcdl  auawl S S ylan o Fawd 3 ey wpd 0 phd U5 (59
! Lo (, og o w3) Available K Available P Total N
Texture pH 7 F
-1 3 §
EC (dS.m) (@55h5 1 05 o)
(ppm)
P 3.02 115 9 387
Silty-loam
61 (B) 6 (A)
a
—_ a —_—
= 4 E oy b
® ° e
% 2 g 21
= =
0 0
With mycorthiza Without mycorthiza With mycorrhiza Without mycorrhiza

05 (@) 9 w1, (A1) (Sjelgm 5,5 2 15259500 L ls 519 JSuo
Fig. 1- Effect of mycorrhiza inoculation on biological yield of (A) fennel and (B) ajwain
S5 oy ey Jless] pdaw j3 (SSl (claals di yge5T il (gl gime WIS S5y p3 S jidie Loy il (olapuSikie
Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).



YY

IWAF Lo o) oylods ¥ ol ¢(55ygLS (ol pgs &gyl

"Araanoadsar aaa] Anjiqeqoad 941 18 1URDLIUTIS PUB JUBDIJIUTIS-UOU B Iy, PUE SU
Suf ga: v it ol € ool of e <[ e e

B _ _ ~ ) _ ) ) ~ e (LLSA R
,.. Ey
loars
1oTo 1E0°0 £vT 000 9000 £00°0 10070 oo £00°0 0z -
HxV ']
L60°0 €100 €80 10070 100070 880°0 £00°0 000 100070 [ e
S (P
Lo 000 3 00 £0¢ %, 8L8 86L°0 0 i
wl10°0 wh LOPT LI wC00°0 L.E0€°0 ..99T L8L8°0 ..86L Llor z A
: ’ — — . ; ’ ) . 41
L99°0 rel'0 TEET 000 100070 66070 100°0 9000 100070 T P
e i e : g ; ; ‘ : (g1) uonesLuj
w810 w91 WTOL0 LOLT0 LSIF L8P6'S JLLT LOEIT LESO'L z # (a)
LTEO SFE0 9C9EES LSOO 100070 S00°0 100°0 €000 100°0 l Ll
¢ 59°€€S e P x|
(V) ez1yioak
wCLIEE] WLBIEE] LI5TTO WELBT Wil E] wEO'BE LBLT WIEBE LLLEL | A ()
Txuoneatjday
£0L°0 £81°0 A £100 20070 LTO0 o 000 60070 ¥ %
(1) map
99°C1 LO6'E 29L°1L 0Z00 0611 Sre’l rolro 2910 ILT°0 1
()
Xapur PRIA PIRIA yueyd aad
pRIA JuNU0d 1SOAIRH poas [exsojorg PPqun Pquin aad Jaquinu pquip yuepd aad Jp A'O'S
10 [E1UISS 10 [BI)UISS g Jad saquinu Jdquinu JPjpqu JaquInu Jaurs ¢
1o [en | o en a Kejomm aev g q ?_.m.aw q ! 9] n,: H00 q L : ‘m _._nmJ o
Torse e kS O sricqre e wfo preelod ol i T b Tl SO T
M sorslc Forsts gevie =l o qew

sansLRlaRIEyd aan ey enb pue aanwnuenb Puuay uo spPAd| vonESLLIN JUAIAIP puE LONEINdOUI EZIYLI0dAW Jo (s2aenbs jo urow) sisijeuE DUELIEA -7 IqE],
<ré[ 4-mP2 9% 6 R (AesY ) € R ) oRECH| 6 kS onerm (T E woboqm oo 6 5 (e



w3y (229,10 4595 90 uilil g 3 Shos Iyl oo Shos p 55kl Slapx> 915259500 b gl S (o) 2

Yo

“Aaanoadsal ‘sjaaal Anjiqeqoad o4 | pue ¢ 1B JUROLIUSIS pue JURDLIUTIS-UOU 218 . PUB , ‘SU

St # 6 ga e S0 o™ € oo of e (o0 B2 6 R for

. 1210 ],
lour
LIOO $00°0 B 000 900°0 g0 6610 6£1'T oo 0T -
HxV =]
960°0 L00°0 9sLl L0070 100070 100070 €10 g 8000 4 xffics
b (D
; . s ; : o ; : : = 4=V
w200 260070 L F80CTs «wt00°0 LFogo LT LELET subbPE w0800 [ q.vwmi_x__u._«%
o o — . " . . . . . mx.l—
1000 100070 1180 10000 100070 100070 SE1°0 00071 L0000 (¢ St
(&) uonesiu
whFE0 wb65°0 L 0E8'8I1 LOr1o LFeel LBLL09 LSITLY LOLLBET LE81°T [ = ()
9¢1°0 ST00 €0s9¢ SE0°0 1000°0 1000°0 €10 19¢°1 6E0°0 | ]
c Al x|
(V) eziyuodk
LSssst LSS LLTeesy | T0ST LOPFT LSLL'98I LPETTSI 769985 LZao'tl 1 A, (v)
“Txuonearday
990r0 0€0r0 £el'e 90070 ¥O0r0 68L°S 991 6El'L 86070 14 0% 1]
- » ; : o ' ; ' (1) qeap
91T0 SO0 PE]'BST 0100 0620 08Z 6F L6¥91 0sTTH 1000 I " ()
N Xapul pRIA (TR jugd aad
pIA U uod SoMIEY paag [eaSojog PPqun [Pquin sad Jquinu pquip juepd sad p o
10 [BIUDSS 10 [B UISS f i 1ad saquinu Jaquinu PP g JDqunu yaues (jc5?
u_.o._.w_« < ......_....W. q_rn..m.ﬁ 3.....%; e i s orie n”__d of ;W.‘. vn.m _...u_n <=t vn._n”_ &,_..«_ il ...na._ < J.q_“ ..Jmum Fn“n. R
1 =ame ) fe e £VIR Sy B g T 2 fovje 4 o€ omev ave T = <v

sMsLRPEIRY 2an e enb pue aaneuenb Aesmeled U0 S[PAI] UONESLLI JUIIJIP PUE UOD B[NIOUI BZILIOIAW JO (S21enDbs Jo ueaw ) SISA|EUE DUBLIBA -¢ J[QE],

b0 4-m R 9 G (Aes™Y f o) | f R q oRETH| § oV e D K eorboim 007 6 57 (D



AP L o) oyl ¥ ol (65y9LinS cwbids pgy 4 ypits Y7

@ Ol 9 bl a3 Slas dgg el 12)95e )8 b (s jon
(o9 =Y JSb) ad gpagio j 23S VYV 9 VA i
@ ol g Abjl) b 3 )Sdas 390 el )90 B L (s jon
aS Sy ooyl 40 Jald b duglie 0 Mo DAY 5 ¥ L
Fiog O g Caopu al38 > A 10 )9 e b (s o
ecl (Copetta et al., 2006; Richter et al., 2005)
GLS (&) (oals (yjlre & (s5tmgid dlge Jasl plosily (il
ash oy Slos ioli8l d e culed ) ol (pl &S 00 o job
Kapoor et al., ) ,LSen 5,0l .ol oas L) 9 4L,
5 4565 90 L a5l i el a8 uinges 3,155 (2004
ol ol 5 4 9 0,8kae (il dgu 4 oo 152)5Se G o
Oil58l oy aunlio U ool ogMe il aiby 5 Slos Iy mo
el a Fewl o L 9 asbjly eyl oLS 93 dsily 5 Slas
a5l 3y Shae 290 2 2 j9Sm 3G & b asdio ol 95
P bl YL ol

4555 93 Cutlyyy padld o 15)98ee Comjon )6 b il I
(V9 ¥ sladsin) 39 (P=2/4Y) Jlogine ol 5 €Ll (29l
92 2 4l g (Sjslon des d9u0 2 0gMe (2l )50 (S jor
o iy jasld (hliel 4 mue Y 5V o SE) o)l 455
Sl iy 4 il § 392 20> YOIV 5 YO/IA iy 40 (aljay5See
2 4058 g ol cilby jasls o) FY 5 Ve inlidl
8 By il Sp @l (o =T JSa) 48 ald b awylis
S 9 (oS Sliogad 3900 p 1y 1529500 b il e b
C,_w‘o.))_g n_.\l_ul ‘) LS-’~9)|'> uL(bLf 4JA> )‘ Can yod ULD:LS u.ﬁ-).:
Gosling et al., 2006; Harrier & Watson, 2004; )
Khorramdel et al., 2008; Khorramdel et al.,
(2010

933, Shae glinl p (PDSe/+V) (b ine (il 1559800 b il
@B sayer (V5 ¥ sladsin) cudls Glsj 5 Sbjl) 29yl 455
L duslio 0 09)b olS 93 ya 3, Slas slinl dqu el 135,650
asly asbsly Spn g aly oliss g &g > Sy Dlid igy o i

L o il s 5 5] 45sS 5 m iy 1 )5 B i
i omwilol 5y Sloe oo 0 (65031l ouglS oK I ealaiul
15 dewlee (V) dolee
Ol X oS 3y Sae= il 3, Slas (V) adoles
ol

Sidle s 5l eslazul b Liolel (slaodly ¢ Jlo 5l S jglaie 4
A eejl jlLBAS 45 S pe &0 4 Minitab-ver 13
Mstat-C |15 8ls,5 ¢ (o i Jlois] gdaw) oSSl (glasels
Hile s lawgi W jlaged puoy b oolaiwl o 1 Ske dunlie Cas
8,5 plul Excel

sl 35, Skas (sl 3, Shas 1 1525500 s il 51
ol 9 #bjl,

- e 05 5 Sl (Seidae 3pSlos 5 1S b el S
gl blyd > S gygb 4 (V9 ¥ sl Jgi2) 092 (P=+/+ V) )l
FIY 5 01F o 4 ol 5 Sy (Sefilan 350as Iy b
L gl oy cpie (0 9 A=) USt) 29 oo 2 5
et d S fes (6303 ¥V 5 YV g el 1 )95
4SS My oy by s dals b awglie o Lo 5 b5 (sly
sLapgeygr glosl Adg S o s @ 15)95e b (s jon
Copetta et ) oS 1 i) Syme (Sjodon dlgo glyil 9 S ymmo
al., 2006; Jakobsen, 1987; Kravchenko et al.,
Ol &S 00l g)b G55 93 p odyg) Ay Sy 8 el (1994
Jbss auly olss g a0bjl) (Sofslon 3/ Mes Some ccoled )3 ol
Ll

e 3 (Gupta et al., 2002) ,LSen g LugS zobs
Glomus ) 1,,5-See 2,8 L oais gdl glins 5, Shoe 34110
39a0 )i dmlio (ol 4o 0gMe il (fasiculatum
(s jo A Gl )3 (91> 4g5 93 (ml (Sfgdam 0 Shes
s i 5 155 b gl o ol o] (S oy
ol a2l G5l b awslie o Loy Ad) ey

3> 4 3, Slas 1 (PS141) s b 51 IysSo b el
gk an (Vo ¥ sladsia) cutls olss 9 abjly (29l €55



Yy

a3y 29510 WS 90 uilisl g 0 Sl (152l o ,Shas 1 (53l SLop> 9 1515950 b el 1 (omiy 2

5 VIY) sl dlx}g‘j Ol cpyieS g (p)S /0 9 ¥V b sy W@isy p ym i (Sl AL olaad dguy el il pucen

Harvestindex (%)

Seed yield (g.m?)

40 -

30 A

20 A

10 4

(¥ Jgio) as Jols (p)5 + /¥ A olsj ash e e 9 Sy 50wl slaws gy > S i dlas
Ao Awal_)MLan » M)JYYlel’ HO Ko ¥ L’)J‘)J ;4.».5))

) 1529550 b uadls bl pd ) (L5 9 abjly il Jlia 59 o b

15+ (B) 27 i (A)
a 15 A
11 e b
2
=]
@ 14
>
05 A »
0.5
0 0
With mycorrhiza Without mycorrhiza With mycorrhiza Without mycorrhiza

Ol () 9 bl (W) &l 3 ,Sas 2 15259500 b s 1Y S
Fig. 2- Effect of mycorrhiza inoculation on seed yield of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).
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Fig. 3- Effect of mycorrhiza inoculation on harvest index of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (a=0.05).
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* Means with the same letter(s) in each column and for each medicinal plant are not significantly different at 5% level of probability
based on Duncan’s multiple range test.
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Fig. 4- Effect of mycorrhiza inoculation on essential oil content of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).
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Fig. 5- The effects of mycorrhiza inoculation on essential oil yield of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (a=0.05).
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Fig. 6- Effects of different irrigation levels on biological yield of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).
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Fig. 7- Effects of different irrigation levels on seed yield of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).
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Means with same letters are not significantly different based on Duncan’s multiple range test (a=0.05).
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Fig. 9- Effects of different irrigation levels on essential oil content of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).

~Jgiz) s 51,3 5t cov ] ol 5 abily gyl 455 9 el
bl bl 2)Sdes (0568 g (ppdn Sk @ (T ¥ sl
Lcosip ao) ol poro Yoo g i Jlosl blid )3 <o &
O ySlos p YL b sdaliie (xayoyio jd p)S +/+0F o +/+QY
Sl o )3 (et 2 205 +1-VA) Gl (gl olS il
2 £S5 +1-¥0) ol e S g LS > syt ¥ e
Ve JSd) a8 ol IS ) Syt Ve e o2 53 (@20 e
(o 5l
izl (PS+10Y) loiize 131 )kl oo clapoe
(V5 Y sladsin) il olij g bjly g)b 4355 93 5,Sles
2y i o Sl a8l 0+ ) Wg yd wils LS Sl oy b
ashy olasy S yza VIQ) i 3 S ypn dlas i 0/4) b sl
Yeor oo 0 (ppS FIV) ashy jlia oyjs 9 (a0l 4/2) Syzx o
Vers o gl gl Gl 02008 5 o)lel S 5 o e
i O g b S P L Cwsp ) e ) CaSe o
(pyS YN 9 Syn A MO iy > Sy £IF c ls a3l
P eSayia Yoo an lin 5l o)lol poe Gl b ssalie
2 Pl BLI ol Jols (i) 3 Shes ljal dgue sl S
2 ash oliw s s Syas olas ols a8 lE o s sl iy
Lo d YA YA D YO N+ b ply cudy 4 il Jlia 59 5 Sy

(B Jgir) 1

oy oS ey asli p o)l calise slapses il
o Gl S o 4 (1 J5i2) 332 (P11 aisine (s
303 \V 2900 el U ) caSlojia Yoo vy Jlim 5l ()l
Loy p B gl (A JSi) a8 L) ey pasls
9 —iugy Olowgas 3¢ 7 (Surendra et al., 1994)
bt o id B Coglo) lise b o |y LS (B
Ll 0303
e 32 (PS13) )line 8B (sl cilizee (slapes
L aSisysb an ¥ o ¥ sladsir) cuils olsj g abjly il
2Bl LS gyl olS 93 o uill plise o)ll e 3!
(R0 ¥I¥ 5 ¥+ b iy a) o5 9 $bly peilel Glise oyt
bl pom 3 ol e a8 g ceSogte Jlim ()bl o
JSb) 0 osaliie (1o)d YA 9 VIV b iy ) caSogio Yov e
bl 9o 390 55 Lo g jl (S0 el (o A
Matricaria )a gl a Lo jl gy jloals 5,
g0l (Razmjoo et al., 2008) chamomila L.
Satureja hortensisa ) »;, (Ozturk et al., 2004)
Charles et al., ) as ¢l 4 (Baher et al., 2002) (L.
1ol S s ey BB Ol ol ol Lls 51, (1999
Lol 03,8
3y Slas (PS+/3) s)loisine sob 4 gyl Ciliseo (slapors



vy

a3y 29510 WS 90 uilisl g 0 Sl (152l o ,Shas 1 (53l SLop> 9 1515950 b el 1 (omiy 2

0.08 - ®) 0.08 - A)
<= 0.06 | “"E_ 0.06 c b a
£ =
E 0.04 ;: 0.04 1
[=] —
2 c b : £
3 2
E 0.02 A @ 0.02 4
0 0
1000 2000 3000 1000 2000 3000
Irrigation volums (m3.ha'1) Irrigation volums (ma.ha'l)
ol (@) 9 8Ll (W) el 3 Shos 2 (5Ll oo oban 51—V e S
Fig. 10- Effects of different irrigation levels on essential oil yield of (A) fennel and (B) ajwain
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Means with same letters are not significantly different based on Duncan’s multiple range test (0=0.05).
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Table 5- Mean comparisions of irrigation levels on yield components of fennel and ajwain
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* Means with the same letter(s) in each column and for each medicinal plant are not significantly different at 5% level of probability
based on Duncan’s multiple range test.
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Table 6- Mean comparisons of interaction between mycorrhiza inoculation and irrigation levels on quantitative and
qualitative characteristics of fennel

. 3 Slos .
ol ) ol PES RS ] Sy dla B SR daxnd 0 &l dlaxs
‘;J’, 2 z J z J
. il . 2099 o )

05 Ll )3 e o) s o) Cudls b P NPET o S i
Mycorrhiza (;bsa N (awo,2) Branch Umbel Umbelet Seed
inoculation Irrigation (@20 50 Harvest number per number per  number per  number per

level (m®ha'®) Biological index (%) plant plant umbel umbelet
yield (g.m™)

il b 1000 4.54< 36.92° 4.72° 5.84° 6.87° 9.07°
With 2000 5.53" 35.03° 5.64° 7.19° 8.36" 11.51°
inoculation 3000 3.73¢ 33.35° 4.32° 4.47° 6.37° 8.15°
il 90 1000 5.03° 35.54° 539° 6.63° 7.42° 10.11°

” . e c f f f f

Without 2000 3.68 30.98 4.20 433 6.26 7.96
inoculation 3000 4.06° 33.55° 4.43¢ 4.66° 6.674 8.33¢
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* Means with the same letter(s) in each column are not significantly different at 5% level of probability based on Duncan’s multiple
range test.
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Table 7- Mean comparisons of interaction between mycorrhiza inoculation and irrigation levels on quantitative and
qualitative characteristics of ajwain
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Mycorrhiza (,tsa il ) (oo y3) Umbelet
; ; J I | yield ? Seed number 1000- seed
inoculation Irrigation level Bio oglca_zy Harvest number per ;
(?na ha') (9.m™) index (96) umbel per umbelet weight (g)
b 1000 3.83% 26.25° 9.65° 17.17° 0.42¢
e 2000 4.82° 24.57° 14.28° 22.50° 0.55°
With inoculation 3000 3.05¢ 17.80° 745 15.174 0.39¢
il e, 1000 431° 25.14° 10.95° 19.84° 0.48°
g ° f d f (5 f
Without 2000 2.88 14.76 5.95 13.50 0.36
inoculation 3000 3.24¢ 21.41° 9.15¢ 17.17° 0.44°
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* Means with the same letter(s) in each column are not significantly different at 5% level of probability based on Duncan’s multiple
range test.
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Table 1- Analysis of variance for soybean under different planting arrangements
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SHOAY 8315 Number of pods Number of seeds 1000- seed . (s 3) @il (2,2) & b
; seed yield . seed protein
df per plant per plant weight seed Oil (%) (E’/)
(o)
)l)ﬁ ns ns ns L ns ns
o 2 31.824 181.545 138.818 836.084 22.413 2.589
Replication
w 89} £33
Planting 5 29.772" 221.185™ 376.188"™  316.964 8.346™ 8.581™
pattern
s
10 9.269 95.905 616.249 685.929 6.31 7.422
Error
Oy i
(h22) Syl 2 17.89 15.79 11.31 22.41 12.63 8.03

CV (%)
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ns and **: are non-significant and significant at 1% probability level respectively.
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Table 2- Analysis of variance for marygold under different planting arrangements
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Mean squares
L BT EE gy > JS slaxs
S.0.V df Suid i 5 o,Sles SWid S5 > Sles Number of flower per plant
Dry inflorescence yield Dry petal yield 093 Cuudla 2l Sty
Second cutting  Fourth cutting
",’S , 2 57.133™ 9.429™ 6.707" 6.1347
Replication
k-»w:S &9’ E # ok ok
Planting 5 .561.985 67.149 7.489 60.234
pattern
s
10 .113.298 13.665 0.457 3.511
Error
(h02) et a0 17.04 17.05 6.9 8.17
CV (%)
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ns, * and ** are non significant and significant at 5 and 1% probability levels, respectively.
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Fig. 1- Comparsion of the dry inflorescences yield of Marygold intercropping and sole cropping
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Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test.
Jeptipon Lalls cuis MC
MC: Marygold pure stands
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Fig. 2- Comparsion of the dry petal yield of Marygold intercropping and sole cropping
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Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test.
Jepdian Lalls cuzs MC
MC: Marygold pure stands
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Fig. 3- Number of flower in Marygold at second cutting
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Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test.
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Fig. 4- Number of flower in Marygold at fourth cutting
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Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test.
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Table 3- Land equivalent ratio in different treatments of intercropping Soybean and marygold
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. Lo Cond Partial LER Planting arrangements

O Sl P
LER S dwlno Ugw PUNERAVE) Lgw

LERMarygold LERsoybean Marygold Soybean

1.13 0.76 0.37 1 1
0.83 0.46 0.37 2 2
0.87 0.46 0.41 4 4
0.98 0.31 0.67 2 4
1.34 0.48 0.86 4 6
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Table 1- Mean comparison of corn yield and yield components in intercropping of corn and bean types

o 55 M 0
<SR9 (#55) I Jgb W s 2o oIl 8395 Cunn 5 oL 43> &y (39 Cuildy padll &l e o3
haracters  gar (o i) (5oisko) (652 3 25 (692 3 05) (203) ()
weight length Ear Ear diameter Aerial biomass Seed weight Harvest index 100- seed
eatmentsTr @) (cm) (mm) (g.plant™) (g.plant™®) (%) weight (g)
ClS o (P)
Planting ratio (P)
2 "“.“5 166.91¢ 18.82 4275 810.00° 136.72¢ 16.81° 23.98°
sole cropping of corn
b Lg)] —&yd 040
50:50 white -corn 182.85% 19.81 41.71 793.33° 161.66° 20.41% 25.45¢
bean
o Loed =) Avide
ool mep 00 221.24° 21.56 43.58 900.10° 189.67° 21.08" 27.51°
50:50 bush bean-corn
JRREORYES
50:50 red -corn 188.76* 19.69 43.50 903.33" 159.75° 17.74" 27.64°
kidney bean
s g~ )3 040
50:50 pinto -corn 197.11% 19.64 40.55 780.00° 158.21° 20.35% 24.52%
bean
St log —yd 00
50:50 sword-corn 152.48¢ 18.61 41.85 690.50° 127.90¢ 18.53%¢ 25.98°
bean
) s, me M) 3
(70) foisne ST il g 4 3.00 461 78.64 19.98
LSD (5%)
o @lio F 90l
S.0.V F Test
Jlol g *% ns ns *% *% * *%
P value
s
(102) Sl e 8.96 837 5.99 531 6.92 8.57 3.60
CV (%)

Aisb o doyd gy Jloinl gaw ;> LSD (90l (bl (613 gixe (ol O3] 1316 i S jiiio gy (s a5 Jole yo 4 bgyyo giw po (gl Silio s
* Means in the same column of each factor followed by the same letter(s) were not significantly different according to LSD (p<0.05).
o sxe ©olds pas MS g duo > S g iy Jloin| o )3 5 gize iy ) s g %
* and **: significant at 5 and 1% probability levels, respectively and ns: Non significant.
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Table 2- Mean comparison of bean types yield and yield components in intercropping with corn

& 5 o o 0397 Carmn ol
g;)'.'ﬁ ols gl )l SN Jgb | L.\;‘ ‘o;) olS 43 &y 39 ol
Characters (o) Ve Slami a LS sl 0,5 slasi (o s55les) il o ® ) J »
it 7 (w32 5 255) (ws (2053)
Plant Pod Branch Nod Pod g i 7
Bled height number number number length Aerial Seed weight per Harvest
) o (cm) (cm) biomass plant (g.plant™) index
Treatments (g.plant™) (%)
(P)eusls’ cas
Planting ratio (P)
S Lygl IS ST
: be be
Sole cropping of 68.00%* 29.56% 4110 139.00° 12.35° 19.00° 3.66 21.00%
white bean
. L A A, fg c
o by 203 00 184.00°  33.42% 24.10 72.11¢ 7.08° 15.00% 2.00 23.45¢
50:50 corn-white
bean
oo L) SSS
. cd
Sole cropping of 455 33,61 33.95%e 101.00° 10.33% 17.00° 4.50% 14.50%
bush bean
) e A A cd
oo log) =03 02 39.30 44.56° 25.50° 57.36° 5.607 22.50° 483° 9.20°
50:50 corn bush
bean
o8 g RISSS 192,35
Sole cropping of red 33,125 37.20% 112.33¢ 11.96% 10.70° 2.33% 39.00
kidney bean 260.50°
PRl me, 0 36.39™ 32,9794 90.59° 9.43% 13.45 2.17% 31.76°
50:50 corn-red
kidney bean
Sole cropping of 178.75" 30.29% 46.75% 154.33° 12.33° 13.00% 3.00% 46.00°
pinto bean
o gm0 287.85° 39.53% 54.79° 142.20° 9.00% 15.33¢ 233% 34,700
50:50 corn-pinto
bean
s by ISSS 64,5
Sole cropping of 33.93™¢ 31.10% 91.67° 13.33 16.00 3.66™ 20.30%
sword bean 37 5¢
" e A A . cd cd
S b =03 00 27.14¢ 15.85¢ 58.40° 9.00 14.00 533 8.00°
50:50 corn-sword
bean
o ime AR J8las
(/o) 0.07 8.89 28.2 1.71 4.59 0.89 7.66 29.59
LSD (5%)
i3 gilio F ogeil
S.0.v F Test
P value
(123) Slets o2 12.75 15.08 16.20 10.50 17.18 15.49 17.87 12.70

CV (%)

Asb e doyd gy Jloin] w1 LSD (g0l (bl s (gl3 size (g lol O3] 1316 i S jidio gy (s 457 Jole y2 4 bgryo giw o gla puSilio s
* Means in the same column of each factor followed by the same letter(s) were not significantly different according to LSD (p<0.05).

oy S Jlais ! o 45 o gme e

**: significant at 1% probability levels
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Table 4- Mean comparison of competitive indices in intercropping of corn with bean type

Chl‘,i‘;ji9 s @331 g Cadld o po HRE) Comd
aracters K value A value CR
e by elyl belyl  OF eyl o
reatments Bean types Corn Bean types Cr?r Bean types Corn
(P) cuils e
Planting ratio (P)
Sads gl —yd 0420+
50:50 corn-white bean 2.417%%* 0.68° -0.60° 0.60* 0.50° 2.03°
o bogd =3 00
50:50 corn-bush bean b . . . b .
o  nLL 1.73 0.36 -0.69 0.69 0.54 2.07
3o b~ 000
50:50 corn-red kidney bean
o 1.85% 0.69" 033 03 0.75% 1.41%
e g —oyd 00
50:50 corn-pinto bean . b . . . b
5 lod =3 Bes 0.73 0.66 -0.02 0.02 0.98 1.04
&yt Lg) —c)d B0+
50:50 corn-sword bean 2.80° 1.15° -0.41° 0.41 0.60° 1.88°
(70) Jlo gro BT JBlas
LSD (5%) 0.93 0.16 0.17 0.17 0.26 0.83
S.0.V FTest F gl
Jl! s ek sk ek o % NS
value P
(a0)) &y g i 213
27.68 12.23 21.33 ’ 20.27 26.18
CV (%) 3
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* Means in the same column of each factor followed by the same letters were not significantly different according to LSD (P<0.05).
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* and **: significant at 5 and 1% probability levels, respectively and ns: Non significant

2903 0dlatwl bglee S o bl pl 0, Slas o yiw

2 (BLS 4555 93 (s ) g 1> by o b &S

.

Sl sim SWllae 3 plge ol 31 g 2515 i 4 56 bl

&be

Agegnehu, G., Ghizam, A., and Sinebo, W. 2006. Yield performance and land-use efficiency of barley and faba

bean mixed cropping in Ethiopian highlands. European Journal of Agronomy 25: 202-207.

Bagheri, A. 2001. Baen Agronomy and Breeding. Mashhad University Press. Iran p. 11-30. (In Persian)

Banik, P., Midya, A., Sarkar, B.K., and Ghose, S.S. 2006. Wheat and chickpea intercropping systems in an additive

series experiment: advantages and weed smoothering. European Journal of Agronomy 24: 325-332.
De Wit, C.T., and Vanden Bergh, J.P. 1965. Competition between herbage plants. Netherlands Journal of

Agricultural Sciences 13: 212-221.

Dhima, K. V., Lithourgidis, A.A., Vasilakoglou, I.B., and Dordas, C.A. 2007. Competition indices of common vetch

and cereal intercropping in two seeding ratio. Field Crops Research 100: 249-256.

Eslami Khalili, F., Pirdashti, H., and Motaghian, A. 2011. Evaluation of barley (Hordeum vulgare L.) and faba bean
(Vicia faba L.) yield in different density and mixture intercropping via competition indices. Journal of Agroecology 94-



PV Lslails )b balko i jo w8y sloasli g 4ils & ySlos o)y

105. (In Persian with English Summary)

Geren, H., Avcioglu, R., Soya, H., and Kir, B. 2008. Intercropping of corn with cowpea and bean: biomass yield
and silage quality. African Journal of Biotechnology 7(22): 4100-4104.

Hauggaard-Nielsen, H., Andersen, M.K., Jqrnsgaard, B., and Jensen, E.S. 2006. Density and relative frequency
effects on competitive interactions and resource use in pea—barley intercrops. Field Crops Research 95: 256-267.

Haymes, R., and Lee, H.C. 1999. Competition between autumn and spring planted grain intercrops of wheat
(Triricum aestivum L.) and field bean (Vicia faba L.). Field Crops Research 62: 167-176.

Hosseini, S.M.B., Mazaheri, D., Jahansouz, M.R., and Yazdi Samadi, B. 2003. The effect of nitrogen levels on
yield and components of forage millet (Pennisetum americanum L.) and cowpea (Vigha unguiculata L.) in
intercropping system. Journal of Pajouhesh va Sazandegi 59: 60-67. (In Persian with English Summary)

Hosseinzadeh, D., Esmaeili, M.A., Pirdashti, H., and Abbasian, A. 2012. Effect of different rates of sesame
(Sesamum indicum L.) and cowpea (Vigna unguiculata L.) intercropping on weeds control. In: 12" Iranian Crop
Sciences congress, 4-6 September. 2012. Karaj Branch. Islamic Azad University. Karaj, Iran. (In Persian)

Jahani, M., Koocheki, A., and Nasiri Mahallati, M. 2008. Comparison of different intercropping arrangements of
cumin (Cuminum cyminum) and lentil (Lens culinaris). Iranian Journal of Field Crops Research 6(1): 67-78. (In Persian
with English Summary)

Koocheki, A., Lalehgani, B., and Najibnia, S. 2009. Evaluation of productivity in bean and corn intercropping.
Iranian Journal of Crop Research 7(2): 605-614. (In Persian with English Summary)

Motaghian, A., Pirdashti, H., Akbarpour, V., Sarajpour, G., Yaghoubi Khanghahi, M., and Shariatnejad, S. 2013.
Evaluation of basil (Ocimum basiilicum L.) and sesame (Sesamum indicum L.) yield in different intercropping mixture
via competition indices. Journal of Agroecology 5(3): 243-254. (In Persian with English Summary)

Mohammadi, H., Pirdashti, H., Yazdani, M., and Abbasian, A. 2012. Change of weed abundance and diversity in
barley (Hordeum vulgare L.) and fenugreek (Trigonella foenum-graecum) intercropping. International Journal of
Agronomy and Plant Production 3: 788-793.

Mushagalusa, G.N., Ledent, J.F., and Draye, X. 2008. Shoot and root competition in potato/maize intercropping:
Effects on growth and yield. Environmental and Experimental Botany 64: 180-188.

Poggio, S.L. 2005. Structure of weed communities occurring in monoculture and intercropping of field pea and
barley. Agriculture, Ecosystems and Environment 109: 48-58.

SAS Institute. 2004. SAS User’s Guide: Statistics, Version 9.1. SAS Institute Inc., Cary. NC, USA.

Schmidtke, K., Neumann, A., Hof, C., and Rauber, R. 2004. Soil and atmospheric nitrogen uptake by lentil (Lens
culinaris Medik.) and barley (Hordeum vulgare ssp. Nudum L.) as monocrops and intercrops. Field Crops Research 87:
245-256.

Thobatsi, T. 2009. Growth and yield responses of maize (Zea mays L.) and cowpea (Vigna unguiculata L.) in a
intercropping system. MSc Thesis, University of Pretoria 149 pp.

Walker, S., and Ogindo, H.O. 2003. The water budget of rainfed maize and bean intercrop. Physiology Chemistry
Earth 28: 919-926.

Yilmaz, S., Atak, M., and Erayman, M. 2008. Identification of advantages of maize-legume intercropping over
solitary cropping through competition indices in the East Mediterranean region. Turkish Journal of Agricultural and
Forestry 32: 111-119.



Journal of Agroecology
Vol. 7, No. 1, Spring 2015, p. 62-73

s e b
LA GiAy

SH9LS (ol pgr 4y il
SY-VY .o ATAF s o)led ¥ ul>

FFSr 5P Soal 5o SKes g s ol s S 35,8 ST
(Hibiscus sabdariffa L.)

Y #\ .
03 0B (GGl 9 o mr
AAIR N VAVIVAR giGit P 'c_)l:

AR\ T RN W IE

LEVCCS

(Hibiscus Sabdariffai x,5cls 29, olS 399990 (slaadls 9 5,Slae p ) s0d9S g (oold 365 Il oy yolato &
b B j3 00 38 claes S g 4 WYA-AY el Sl p3 b5 oKl (65)9liS oaSiiimgy (g — bjgal deyre y> (oulojl L)
G ppan praws Codid g Ui )3 5 Yo 9 Ve cphuo tJols (ool 395 zobaw Jols inles] (ol o .85 plodl S5 o by bolas JolS (slacS'shy
¥ 9l lad + S5y 9lywgn +enS 9y F Ho)l Sland edlggn (S gy ) 395 Spas () Wald i ol (s 355
o ) 298 e g (ol Jole plgis (ol 268 Clisie gshaw 390 ¥ 9y i )9l gurges +(3puS 955 5 ¥ gyl Slind + 9l guge
lio 1 ol il ) s slo3sS b b sty ypde ol Sliee 5 ST &y s 355 (55 LSl 0 a8, i 5o e b Jole lgie
c@l_u u.oLu:l = s S92 dlasdl A)S\Lo.c 9 &;)9]5».1 A)S\Lo.c digr )d ogue Slass ct;C)B sl sliws cadls )]aﬁ Ag 8[&.:)‘ JucL.u adllas dy90
il By e 4S5 Lt gl ol ) S g5 s 395 9 (sald 358 S 1 5 Ve plgi Byan b kS, 5 VYA L ply by
S Wl |y (o5 B Sl by b Shy g odbaidl 3,Slas il 38l 55 wlgi o by AlElas B yime 4y o ¢ 9 (oD slmdgS

OS5y ¥ 593 Slind (Sujglse 3,Shos colaidl 5 Shos gl guge 50" SOl

Sub jl Nsdoo )b omej il (AL sbaplil duog 4 &8 Sl
il el (slaseS (Martin et al., 2006) 155,55L o) 4 oS
5 oty ehud (ml s c(5) Al (5 polie Gl B g
L 5 (Rezaenejad & Afyuni, 2001) wimd o yiol38l 1y o595
S ol 03,88 (o5 phuge b (bl 3 (2l Do 5 2
(595 (g9 | (Al-Nahid, 1991) Liis 0 390 o |, SB
g ay godly Liali 8l ol ive)d e g o Jled
SeoS Sy ol sladl g posigel Ol oop,SansT e
o yadls 48, YL Coge g (Patel & Patel, 1988) s’ o
g oS 3y Slhoe 5 Sid o3ls ot Cs yu 9 S
» ol s ol (Koocheki et al., 2000; Khandan, 2005)
(Calemdula )lepaison 59y y ol ;50> sl imgiy
{Foeniculum vulgare Mill.) L jl, (officinalis L.

o)l olssls (Origanum majorana L.) Sl (ybeo;ye

v

Aol

Oy 39 Cod oy tl i @l (655lST Slaplines )

i 3l olael oyl (olond (slodgs” 5l pglie edlitul o Slos
S pH [, yuii s @ b drgy 03,8 a5 Jls )3 .l o
5 SB i Jols il o ol )3 ol I e S ez
wlS e .(Pokorna, 1984) 2,5 QT JE] PR FRYGIN [PY:
pllaipg ) (ol polie it 4 (S ollsls 5 S5
s pie «SB (i3 Jols (i) o ) a3 452 ol 5D
(Koocheki 3¢ oo Jiseo camliol el)5 cldas g o) olie dlgo
olie (il bas &y dangr (S Hluk o ey (et al., 2000

)_»oL& Cwl f)\j 9 039 w‘ L )Lw.u U] Lg).abdvob 9 ‘_;’l..\.c

5 elSsls ocg5,5LS 03l

(Email: nemati9531@gmail.com 2 gtne oA 5 — )



PY sl Ssleiee sas s 50,5 les p ) 9 sold G0eS 31yl il

{(Rahimzadeh et al, 2011)

S9st S92 29)b LS Wl & b5l el plo
gy Ll Lol 3 29290 0550 3lo Codlus g Ca S
nl b ool g ) slodgS 3,018 oo 51 5l ol Wl s
lage )8l a2T,8

Hibiscus sabdariffa L. _ale pb L o sla b 555l
L ghad i dlucsS cul 2LS Malvaceae Sy (godlgls |
U aw sl slaoety 9 oliio Sy 9 508 4 blo 05 o S,
L S5 L 5 S8 ot esllns S, ansls g gl cim
68 015 dblo] 158 S8 yuslS Laugs Woges il oS [0
S gy oS ol i bl o JomeS 2y &b YF LYY gols
LacS lS” (Zargari, 1992) cusl 3505 b8 5 Gros cCuwly dido
0oly gl & omeling 3929 J> 4 g e (153,LtS snalS
3203658 olosil oty S sl S 5l S8l 3l
02l s ¢0ig3li3 lod 53 g it 16l Ml ooyt
(Kobley, 1968) 15 oo odlizul (c08 (sla_inll 4

L oyl jeds i (Hassan, 2009) cpwe clidss b
S5 wlisesdsw g uslaol pock sl 55l b8t 4o
g el 9 jhed gy (plerd 365 Jgera e hai |
Sla)liS 50 ol S Sluogad 5 Spls 135 Slas 2ol
ol 5L (Abo-Baker & Mostafa, 2011) ik s ¢ ,Sog
9 39 04 e Slas S oS 5l oaliiwl 4
NPK olosd 355 dio)d 00 GByns ol poi 4y Slawd ouillS >
9 0390 Seyd Glaljdl any oxie (S sla (29 ol >
2 &l 9 & Grelng colwgtl Gl 5 LS 50 jiud
g o S yuuls

Sy diej > 0as plol Clalllas yiiin o8 sl S5 4y p5Y
9039 (2lord (LS glgsl Bpian lie D5l 6355
53,5 )5 5 3y9m St 5103 4y o oS 3 5y
Ol ogaie (e 4y ol (g3 G5 5 adlllas diojls W) ol
S ) 9 o ledsS Sl sy B b bl
gl aly s )5 yisly ol 5,Skes o (Si5glshse sloasls
b plol SS9 )5 2len

5 (Nigella sativa L.) slwl_. (Borage officinalis L.)
(Vieira cuwloswwy clil 4 (Silybum marianum L.) bl

et al., 1999; Abdou & Mahmoud, 2003; El-Ghawwas et
al., 2002; El-Sayed et al., 2002; Helmy & Zarad, 2003;

.(Shaalan, 2005; Bishr et al., 2006
oS At sdsie SlapuslS)ly e I St g sladeS
slagg iluby) (igris Cuts Wile (Lol pslaio 4 S0
Loasdl5)l5)Seo (3l 33530 55 008 5 0] cuaoliy (i
d)l_;. )_a.oL& u.\_> Pl ‘) ol 9 0MD YAl duly ) d‘).‘o‘ Pl 5\194.@0
Sgut ol ssilan L2l el 5 (Wu et al., 2005) 1S o
g o slagtis il o ol Conglie S5l
So5edam sladgS 5l S pS'g 55 (Nagananda et al., 2010)
03970 oS S Slas 5L (5 50 (Sh1d 4 398 00 Cguna
0395 Sty oMo ais Sy ol ol (ged sl 5 1503
(Amoaghaie & wiad o (]38l ]y ol Wiy oS e dlge o 5 b
Lo ySU cols sladgS o 515 (Mostajeran, 2007
S adls (69) g gy (S 958 9 OF9F oS LS
orlroud LS 5 g aslsly il 5 Sles ¢ Slins Jigoujye (o)
El- ) cewla s sanlis (Hibiscus sabdariffa L.) 5,5 ¢l

Hindi & El-Boraie, 2005; El-Ghawwas et al., 2002; El-
.(Khashlan, 2001

028 > slacs Sk (ol 35V 59l wlind Sojglon 258
(Bacillus) sl wl o (Pseudomonas) jwlisegis w «la_wd
STl i g g5 aile o lapanslSo b g S ol ol
ime lacland M 1> (S ol § SUIST sl 059 4
S 5 31 s 5 3031 )3 lind slaes 5T 45 b g JolomanS
(Amoaghaie & Mostajeran, 1o 3l o oge i 0y0md
(2007
orosbelad il 2GSt ol Helswan (e 355
pPH tals 53,555 ysmlins! 5L ;I 4 (Thiobacillus)
el Al ws 4y e ol S B Gl sl SK
3ylS cite 15U (cladlas L (Wainwright, 1984) >g:
) 39S S b S 5 0 b (ol A pedgman (365
Ay L3l & (Dracocephalum moldavica L.) guiyol )l



IWAF Hl ) ol o alr (6559l (ol g aapids  FY

Ohalo]l 390 48550 SB LorbonnisSo 3ud Slaogas -) Jgoa
Table 1- Soil physicochemical characteristics of experimental location
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Table 3- Analysis of variance for yield and morphological indexes of Roselle in manure and bio fertilizers treatments
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** * and ns: are significant at p< 0.01 and p<0.05 and no significant, respectively.
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Table 4- Means comparison of yield and morphological indexes of Roselle in manure and biofertilizers
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* Means within a column followed by the same letters are not significantly different based on Duncan’s test at 5% probability level.
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Table 5- Means comparison of yield and morphological indexes of Roselle in interaction effects

of manure and biofertilizers treatments
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Table 1- Effect of plant growth-promoting fungi on chlorophyll content in different phosphorus
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* Values in each row followed by the same letter are not significant different according to LSD test (p<0.05).
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* Values in each row followed by the same letter are not significant different according to LSD test (p<0.05) (The average two-year data).
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Fig. 1- Effect of plant growth-promoting fungi on LAI of soybean in different phosphorus
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Fig. 2- Effect of plant growth-promoting fungi on yield of soybean in different phosphorus
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* water limited plots from these field experiments were also used for water limited yield evaluation.
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Table 2- Parameters of ILC482 genotype obtained in parameterization

A gl el By

ILCEAY (6l o

Crop parameters Description Coefficient for ILC482
Biological day between plant emergence and flower appearance (day)
Biological day between first flower and first pod (day)
Biological day between first pod and initiate seed filling (day)
PS 9 Jsb & ol 8 0.00730
Photoperiod sensitivity coefficient
MXNOD (}5) ) °)§) a8l ) ")f A‘Jﬁ’ e )‘Slb 0.61
The maximum rate of node production at stem (node.d ")
Seed nitrogen concentration (mg.g")
PDHI ol il as dls e 10 5y 50 cublyy (adls (0 Gl e Sl 0.004

Maximum increase of harvest index rate per day at linear stage of its increase
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Table 3- Geographical details, period of weather data used of regions selected for simulation of potential yields of chickpea in
Khorasan Razavi province

olS 3laxs) (ALS 15155
il wldlir o il Job 550 Jlus lass b b (&0 55 5
Region Latitude Longitude Period No. of year Sowing date Plant denszity
(plant.m™)
< oY
5 37.26° 59.6° 1995-2012 18 19 February 33
Daregaz
oy ) . 23798 10
o 37.40 58.30 1995-2012 18 1 April 33
Qoochan
SLLs o ¥
; 34.21° 58.41° 1995-2012 18 33
Gonabad 19 February
5 AN
o . .
35.23 58.48 1995-2012 18 33
Kashmar 19 February
. Y.
et 36.15° 56.28 1993-2012 21 19F;§ruaw 33
Mashhad
g Abaol YO
Nishabur 36.16 58.48" 1993-2012 21 16 March 33
Pl oy . . B N
Ay Cayi Nidwol YO
Torbat 35.16° 59.13° 1995-2012 18 16March 33
Heidareye
. oo ¥
Ngs ° °
36.12 57.39 1995-2012 18 19February 33
Sabzevar
5.0 -
RMSE=0.31 29000 - _ 1
t =5 7000 -
3.0 - 2 6000 -
3 2 5000 -
— 2.0 = 4000 -
3‘ | 3000 -
1.0 4 2= 2000 -
1000 1
OO T T T T T 1 0 T T T T T 1
40 50 60 70 80 90 100 40 50 60 70 80 90 100

Days after planting

Days after planting

Wi 55 3959 (gl Suid 03 g Sy b e L (BUES) ouwd sudliv g (bokad) 2uud (g lwdund pdlEo Y JSW
Fig. 1- Comparison of simulated (lines) and observed (data points) values of leaf area index (LAI) and above ground biomass
of chickpea in Mashhad
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Fig. 2- Simulated versus measured grain yield (kg.ha™)

Data obtained from different experiments are indicated with different symbols.
Solid line is 1:1 line.
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Fig. 3- Simulated versus measured water limited yield (kg.ha™)
Data obtained from different experiments are indicated with different symbols.
Solid line is 1:1 line.
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Table 4- average of simulated potential yield, actual yields and yield gaps at selected regions in Khorasan Razavi province

SlyaSle e EERe (B 5 p,5S) 5Skas 3
peSks) s & 5 g ‘" L pSekS) e I" L sy Yield gap (kg.ha™)
o (o (LS 2 pSoks)  =lw (S S (LS )3 p)S5ks)
_— D © (122) ’ (32) (A) \ , 1
Region D) Irrigated cv ) cv  Water nonlimiting ~ YGwmr™  YGum YGm
Rainfed actual yield (%) Water hmltlgg (%) yield (kg.ha™) (B-D) (A-B) (A-C)
actual yield (kg.ha™) (C) yield (kg.ha™) (A)
(kg.ha™) (D)
$ 265 840 33 8 2186 635 1286 1346
Daregaz
oS 265 900 28 1300 22 1956 1035 656 1055
Qoochan
LS
o - 617 35 17 2197 - 1347 1580
Gonabad
b 172 702 32 1153 12 2225 981 1072 1522
Kashmar
et 245 885 34 1251 16 2213 1006 962 1327
Mashhad
o5l
: 270 1016 24 17 2421 682 1469 1404
Nishabur
Jjeo 236 751 30 10 2224 731 1257 1472
Sabzevar
A 162 850 36 977 15 2257 815 1280 1407
Torbat Heydarie
Pl <o 226 630 36 880 11 2584 654 1704 1954
Torbat Jam
oSk 230 799 32 1026 14 2251 817 1226 1452
Average
Ol sl Co
e 16 15 15 7 18 23 15
(12)2)
CV (%)

A ol 358Los 5 T oy ,80es oS5 )

Y Gpv= Modeled water nonlimiting potential yield-Modeled water limiting potential yield

023 9 ol Jamily 3)Shos e 55 — ¥

YGy= Modeled water nonlimiting potential yield-Irrigated actual yield
w2 (2819 0ySlas g 020 Jaawiliy 3 Sl o M5 - Y

YGpr= Modeled water limiting potential yield-rainfed actual yield
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Fig. 4- Association of long-term mean simulated potential yield with mean crop season solar radiation among selected regions
across Khorasan Razavi
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Fig. 5- Association of long-term mean simulated potential yield with mean temperature among selected regions across
Khorasan Razavi
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Table 5- average of solar radiation, temperature and rainfall during growth period of chickpea at selected regions in
Khorasan Razavi province

il (o s (59,4 (315 Slw 4 3) Lo (397 2 &2r0 50 32 J9550) gubruis
Region Rainfall (mm) Temperature (°C) Solar radiation (MJ .m'z.day")
B2 9% 20.1 208
Daregaz
ok
124 15.57 20.9
Qoochan
SLLs
’ 36 20.4 22.2
Gonabad
s 60 19.7 224
Kashmar
92 18.5 20.4
Mashhad
Jriae
82 19.2 22.6
Nishabur
Slgzems
54 21.1 21.2
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RO 82 15.0 227
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Fig. 6- Association of long-term mean yield gap between simulated potential and irrigated actual yield (¢#), mean yield gap

between simulated potential and water limited yield (m) and yield gap between simulated water limited and rainfed actual
yield (A) with mean crop season rainfall among selected regions across Khorasan Razavi province.
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Table 1- Soil physical and chemical characteristics of the experimental site
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3- Agronomic nitrogen use efficiency
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Table 2- Analysis of variance for the effect of irrigation regimes and nitrogen on seed fatty acids percentage, fruit yield and
grain yield of pumpkin
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",’S. 2 0.05 11.58 1.71 5.64
Replication
W) 3 11.80" 124" 1277 4292.61°
Irrigation (W)
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* and ** are significant at 5 and 1% probability levels, respectively.
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Table 3— Mean comparisons of WxN co-actions on seed fatty acids percentage, fruit and seed yield of pumpkin
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Table 4- Mean comparisons of the WxU co-action on water use efficiency and agronomic nitrogen use efficiency in pumpkin
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* Means within each row followed by the same letters are not significantly different at 0=0.05 based on LSD test.
W,-W,: 320, 420, 600 and 900 mm of water.ha™!, respectively. and U;-Us: 0, 130, 260, 390 and 520 kg urea.ha’!, respectively.
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Table 5- Mean comparison of the WxU interaction on agronomic nitrogen use efficiency of pumpkin
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* Means within each row followed by the same letters are not significantly different at a=0.05 based on LSD test.

(W1-Wy: 320, 420, 600 and 900 mm of water.ha™!, respectively. and U;-Us: 0, 130, 260, 390 and 520 kg urea.ha’,
respectively.
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Fig. 1- Effects of pesticides used in wheat on farm worker component in Mashhad
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Table 1- Some of physical and chemical properties of field soil in experiment
Oj9r PRI 5205 o
mg.kg™* VU] FUTIRYY
cél Js (mg.kg™) ] (u*ri’w |
Texture (we,2) phand il 59y 0B e e pH e M’_‘fﬁb
: EC (dS.m™)
Total N P K Zn Fe Cu Mn
(%)
“"L“”_"”J 0.02 13.9 325 156 221 221 864 7.96 6.8
Silty loam

Oilojl 6 slows 359,15 il Cowi 1315 A8 3 Shos 9 aild 3,Shos 3 )Shos (1501 & bgsyo sbyas b il ,lg 41300 -F Jgaa
Table 2- Analysis of variance for some yield components, seed and quality yield of canola affected by experimental treatments

s 33 A dlaws " 18 of
e . > . . ) P AR ATY) . . I s e
Bl REEN Xl &gy ceod 2 ) aild 3o RT3 OYgujoals  lgp
S.0vV ] Plant height Pod number per ee n:qu er per Grain yield oil Glucosinolate Protein
df plant
‘591-’ Nl ns ns Yl ns ns ns
Blork 2 122.52 2.07 7.46 46629.90 1.77 0.05 0.59
N(_':') 059):*’;) 2 6680.43" 1.24™ 25474 252859.80™ 3.22™ 0.03™ 18.43"
itrogen
5) ‘Z)) 2 538.80™ 0.24" 117.62" 309639.55™ 401" 0.12" 417"
Inc
S(SI’_) ftf”z; | 1 5012.99™ 2.66™ 567.12" 59134575 166.60" 92.48"™ 16.84"™
alinity
NxZ 4 36.55™ 0.93™ 16.96™ 20337.23™ 1.34"™ 0.31™ 2.11™
NxS 2 334.29" 0.72™ 31.62" 28563.59" 378" 0.05™ 0.44™
ZxS 2 45.82" 0.72™ 20.96™ 20192.22™ 2.52™ 0.38™ 2.94™
NxZxS 4 12.51™ 1.36™ 10.79™ 17188.49™ 0.42™ 0.17™ 3.16™
EU” 34 20.27 1.54 6.99 6145.07 1.08 0.18 1.77
rror
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*,**and ns: significant at the 0.05 and 0.01 levels of probability and no significant, respectively.
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Table 3- Mean comparison for some yield components, seed and quality yield of canola affected by experimental treatments

Tobw .
Cobs Gy %)/ Slass 3 Sos
Ojors 89 Tokw ’ &gy T abslaw s " N oS
, sofels)  Twd) .. < o obs, O 4 5955
SpSoks) P Rres - slw) SUE :
Perye . o ; J 9kS) (o 49) (me,3)
; 2 ool G 5 PAM) (ao,) ) )
(s (’m ’ ) (o ) Seed - 2 Protein Glucosinolate
- zinc levels (e Pod number (¥ 2 oil (%) % %
Nitrogen (Kg.ha™ - Plant number perpod  Seed yield (%) (%)
levels (kg.ha g. Salinity height per plant ko harl
) levels (cm) (kg-ha™)
(ds.m™)
0 - - 50.87% 11.06 25.39° 2519.89° 37.56 8.98° 28.79
50 - - 76.22° 11.17 28.17° 2657.35° 38.24% 10.31° 28.74
100 - - 88.67° 11.56 32.83% 2755.87° 38.33% 10.96° 28.65
- 0 - 66.57° 11.17 26.28° 2500.81° 37.69° 9.54 28.84
- 5 - 71.70° 11.22 28.72° 2674.38° 37.86° 10.21 28.65
- 10 - 77.50° 11.39 31.39* 2757.92° 38.58% 10.48 28.69
- - 8 81.56% 11.48 32.04° 2749.01° 39.80° 10.64° 27.49°
- - 16 62.29° 11.04 25.56" 2539.72° 36.29° 9.52° 30.11°

Sisb g I gime BB (gl Juoy> iy aws y3 (SO (903l sliee pr S yiie By S JBlis gyl (glo Sl (ygia yo y
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using
Duncan's multiple rang test.
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Table 4- Mean comparison for some yield components, gain and quality yields of canola affected by experimental treatments

e — 05 9S) &> 5, Sos
G390 Tobw S99 T Qg gl e . ol .
(kg.ha™) (% o 5 o03) (o 5 u0) BYE ;5 &l Sl (LU 5 (w23) o9,
Nitrogen levels )M” el M ’m‘:) Seed number per plant (kg.ha'l) Oil (%)
(kg.ha'™) Salinity levels (dS.m™) Plant height (cm) ) .
* Seed yield (kg.ha™)
0 8 56.84° 27.56% 2665.16° 39.83°
16 44.90° 23.22° 2374.62° 35.28°
8 84.77° 31.00° 2745.69° 39.84°
50 16 67.67° 25.33% 2569.01¢ 36.65°
100 8 103.01% 37.56% 2836.20% 39.73%
16 74.29° 28.11° 2675.53"™ 36.92°

bl e by gxe M lyly do > y pdaws > 4SSl 034)‘1 Sl p Sy B S JBlas gl slo 1, Sl (g o y0 %
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using
Duncan's multiple rang test.
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Table 5- Analysis of variance for some nutrient uptake of canola affected by experimental treatments

a0
R > e .. . L.
i gle R Oi9re s ey el 25 2w s
S.0.V & N P K Ca Mg Na cl
df
d9L ns ns ns ns ns ns ns
2 0.01 0.00008 0.00024 0.00029 0.000001 0.025 0.006
Block
(N) 9% 2 0.47" 0.00086" 0.00080™ 0.00020™ 0.000007"™ 0.197™ 0.003"
Nitrogen (N)
@ o 2 0.10™ 0.00082™ 0.00159" 0.00002" 0.000006™ 0.026™ 0.026™
Zinc (2)
(S_) %5”“3 1 0.43™ 0.00038" 0.28747" 0.02986™ 0.000005"™ 1465573 811.8515"
Salinity (S)
NxZ 4 0.05™ 0.00011™ 0.00026™ 0.00010™ 0.000006™ 0.196™ 0.023™
NxS 2 0.01"™ 0.00011™ 0.00160™ 0.00016™ 0.000001™ 0.231"™ 0.009™
ZXxS 2 0.07™ 0.00037" 0.00007"™ 0.00013™ 0.000007"™ 0.007™ 0.005™
NxZxS 4 0.08™ 0.00004™ 0.00067"™ 0.00006"™ 0.000005"™ 0.092" 0.008"™
EUb 34 0.04 0.00004 0.00062 0.00015 0.000023 0.177 0.019
rror
I gime BMB] pas g Ao yd S cuo ) gy Jlosis] o 55 (65 dize a5 43 NS g
*, ** and ns: are significant at the 0.05 and 0.01 levels of probability and no significant, respectively.
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Table 6- Mean comparison for some nutrient uptake of canola affected by experimental treatments
2ia5w T 89y Tohw s Ao 43 0,5
0395 Tobw _ 5 ool y g
(LS ;3 0,5 5L5) 2 eFS) w2 siri e Percentage 2d ;
Nit)rogen)levels (ké ha® (s (550 2 %) mg.100g
1y ' Zinc levels Salinity levels (AS.m™)  Gjopmi  Jhwd  mawlly  pandS  pijete o s
(kg.ha™) N P K Ca Mg Na Cl
0 - - 1.44" 0.118° 2.33 1.29 0.339 9.59 10.42
50 - - 1.65° 0124 234 1.30  0.338 9.38 10.43
100 - - 175 013280 234 1.30  0.338 9.48 10.45
- 0 - 1.53 0.117° 2.33 1.30 0.339 9.49 10.46
- 5 - 163  0127° 234 1.30  0.338 9.52 10.39
- 10 - 1.68 0.30% 2.35 1.30 0.339 9.44 10.45
- - 8 1.70°  0127° 241° 1.32* 0.338 4.27° 6.56°
- - 16 1.52°  0122° 227"  127°  0.339 14.69°  14.31°

ALl el o stme EMST (glls duoyd iy e )3 SO gl (slise 2 Sy B S Bl gyl (slaSilie gty 5
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using
Duncan's multiple rang test.



VYO 3l o1ié polis iz g (S slaiasliv o Shes 1 695 9 (559 70 Tobaw 13T

5 I all o580 LalS Juols a5 (g raal S3 oagly JUS" )
slagg dibie of Gl jglate 4 olS bwg i (g5l By
w_.\uu.)&ﬁ > ch:f 9 Cuoww .)l?ul L)‘“a ..\a.)lyL;o (s 9 )lf Jbe
ol 2939 &S g ysb &y S alon] MBI 0lS 5 Slie jolie Gls
035 S 3 39290 (NS yolie Pl (3)95 w8 2 o By
iy 9 pedS 2iile (69,2 yolie JEI 5 Ol coled 3
o=l »» (Kafi & Mahdavi Damghani, 2007) 545 . i
;= (Abdolzadeh et al., 2006) -, Sea 4 03lj Joe bLS)|
P A g e i BRI g el 5 (9% Gl lals
H3)S )13 6ped el aoms 3 1) IS a5 (alge plu
b cud (aplie gl 4 35 (Francois, 1994) 5 gl

6 5 4o

2 85 5 G S S Ui 5l (S bl cal b
o=l L ogs S aby a8 5 Slas 50,8l linl o Slas 290
bl 00 555 (slapadls p (e B (6y9d SR 92
rolie el o8 sy o 5 40 Glalesl ol @l o 2l sl
e Sl GralS can )l plsie 4 g Jold (ol
S 50 5190 5

e 3 e jsd V(6590 Jlosl dom 53 dgacnl b
i j owd Cuddid (6o o b dunlie > &b gy Aoy
Jlos! (ite (i (Y Jgan) <él ials (o)l dxe yobo 4 yio
ol i 36 51 8L liicn IS 4> (389 203 2 ()9
sl &85 51,5 oy 390 daldl )3 5Bl bl (g5 ol

ad ol i

Mosine asly jnd 5 (15958 Loy 3 LS Gy 3 S
Qg 59y 2l golaw Sl jhud o) o (pizren g,
(8 Jgia) 395 )3 e (olid polis plo

> jad doyd 59y 5 F9xks 355 28 ok LIPIL
o=l 3 F Jgi) BliS Glidl an 5y o)l ine psb 0 T3S
Coio (Siuen 3 (Duan et al., 2004) -, Kan 5 olgs bl
3 assges (135 1) 05le A5 )3 Haud Gl g (g Bpae om
olie Qi G533 (69 5 s 28 U ple g
LS T e > ) W15 oo Yhainl S jl GoymonS ol
72 () Jgis) amal oS 5L el g S o jolis
Joi) 39 b ine (2 yolie plo Cla  6)58 Sl jute
Oisri el Mo pd (SBg)9d e pRlEIL Sigysb 4 (0
g5l IS 5 e o (e 5 (R S 5l 008
7 Jgrz) <8l Gl ()l gme

&be

Abdolzadeh, A., Malekjani, Z., Galeshi, S., and Yaghmai, F. 2006. Effects of salinity and nitrogen interaction on
growth of canola (Brassica napus). Journal of Agricultural Sciences and Natural Resources 13: 29-43. (In Persian with

English Summary)

Ahmadi, S., and Ardekani, J. 2006. The effect of water salinity on growth and physiological stages of eight Canola

(Brassica napus) cultivars. Irrigation Science 25: 11-20.

Alizadeh, B., Valizadeh, M., Moghaddam, M., Ghassemi-Golezani, K., and Ahmadi, M.R. 2005. Genetic analysis of
NaCl salinity tolerance of rapeseed (Brassica napus L.) at germination stage. Journal of Agricultural Sciences and
Natural Resources 11: 47-58. (In Persian with English Summary)

Ankumah, R.O., Khan, V., Mwamba, K., and Kpomblekou, A.K. 2003. The influence of source and timing of
nitrogen fertilizers on yield and nitrogen use efficiency of four sweet potato cultivars. Agriculture, Ecosystems and

Environment 100: 201-207.

Beygi, M., Savaghebi, G., and Motesharezadeh, B. 2012. Study of zinc efficiency in selected common bean
cultivars. Journal of Water and Soil 26: 33-41. (In Persian with English Summary)

Boem, F.H.G., Scheiner, J.D., and Lavadi, R.S. 1994. Some effect of soil salinity on growth, development and yield
of rapeseed (Brassica napus L.). Journal of Agronomy and Crop Science 137: 182-187.



AP g o) o lods ¥ ol o(g5y9lS bl pgr ay s VYA

Bybordi, A., and Ebrahimian, E. 2013. Growth, yield and quality components of canola fertilized with urea and
zeolite. Communications in Soil Science and Plant Analysis 44: 2896-2915.

Bybordi, A., and Malakouti, M.J. 2003. The effects of rates of nitrogen and manganese on the yield and quality of
two winter canola varieties in Ahar region, East Azarbayjan. Journal of Water and Soil 17: 1-8. (In Persian with English
Summary)

Duan, Z., Xiao, H., Dong, Z., Li, X., and Wang, G. 2004. Combined effect of nitrogen—phosphorus—potassium
fertilizers and water on spring wheat yield in an arid desert region. Communications in Soil Science and Plant Analysis
35: 161-175.

Ebrahimian, E., and Bybordi, A. 2012. Effects of organic and chemical fertilizer combinations on yield, yield
components, oil and protein percentages of two canola cultivars. Journal of New Agricultural Sciences 8: 11-22. (In
Persian with English Summary)

Ebrahimian, E., Roshdi, M., and Bybordi, A. 2011. Influence of salt stress on cations accumulation, quantity and
quality of sunflower cultivars. Journal of Food, Agriculture and Environment 9: 469-476.

Elwan, M.W.M., and Abd El-Hamed, K.E. 2011. Influence of nitrogen form, growing season and sulfur fertilization
on yield and the content of nitrate and vitamin C of broccoli. Scientia Horticulturae 127: 181-187.

Foroughifar, H., and Poor-Kasmani, M.E. 2002. Soil Science and Management. Ferdowsi University of Mashhad

Press, Mashhad, Iran 336 pp. (In Persian)

Francois, L.E. 1994. Growth, seed yield and oil content of canola grown under saline condition. Agronomy Journal
86: 233-237.

Ghollar-Atta, M., Raeesi, F., and Nadian, H. 2008. Salinity and phosphorus interaction on growth, yield and nutrient
uptake by berseem clover (Trifolium alexandrinum L.). Iranian Journal of Field Crops Research 6: 117-126. (In Persian
with English Summary)

Hacisalihoglu, G., and Kochian, L.V. 2003. How do some plants tolerate low levels of soil zinc? Mechanisms of
zinc efficiency in crop plants. New Phytologist 159: 341-350.

Jafarnejadi, A.R. 2005. Effect of sources and rated of nitrogen fertilizer on yield and canola oil. Journal of Water
and Soil 19: 39-41. (In Persian with English Summary)

Kafi, M., and Mahdavi Damghani, A. 2007. Mechanisms of environmental stress resistance in plants. Ferdowsi
University of Mashhad Press, Mashhad, Iran 467 pp. (In Persian)

Khajehpour, M.R. 2005. Industrial Crops. Jahade-e-Daneshghahi Isfahan Press, Isfahan, Iran 571 pp. (In Persian)

Morshedi, A., and Naghibi, H. 2004. Effects of foliar application of Cu and Zn on yield and quality of canola seed
(Brassica napus). Journal of Agricultural Sciences and Natural Resources 11: 15-22. (In Persian with English
Summary)

Salvagiotti, F., Castellarin, J.M., Miralles, D.J., and Pedrol, H.M. 2009. Sulfur fertilization improves nitrogen use
efficiency in wheat by increasing nitrogen uptake. Field Crops Research 113: 170-177.

Singh, 0. 1998. Effect of soil salinity and nitrogen on yield and nutrient uptake in okra (Hibiscus esculantus). Indian
Journal of Agronomy 43: 333-337.

Valdiani, A.R., Hassanzadeh, A., and Tajbakhsh, M. 2006. Study on the effects of salt stress in germination and
embryo growth stages of the four prolific and new cultivars of winter rapeseed (Brassica napus L.). Pajouhesh and
Sazandegi 66: 23-32. (In Persian with English Summary)



Journal of Agroecology o=t $3gUaS (bl pgr 4 pdd
Vol. 7, No. 1, Spring 2015, p. 127 A5 WY .o ITAF s ) oyles ¥ ol

Interaction of nutrient resource and crop diversity on resource use efficiency in
different cropping systems

E. Azizi*, A. Koocheki®”, P. Rezvani Moghaddam?and M. Nassiri Mahallati?
Submitted: 20-02-2011
Accepted: 07-04-2012

Keywords: Absorption Efficiency, Intercropping, Monoculture, Nutrient, Use efficiency, Water

Introduction

Conventional operations in fields, soil and water management are not efficient and loss of and damage to the
environment are considerable (Lal, 2000). Crop diversity and understanding the complex interactions between
environmental and socioeconomic factors are approaches to make better use of limited resources (Tengberg et
al., 1998). The most diverse ecosystems have a higher production under environment stress conditions compared
with ecosystems with low diversity due to the better efficiency in the use of water, radiation and nutrients
(Hulugalle & Lal, 1986; Walker & Ogindo, 2003).

Materials and methods

In order to investigate the effects of crop diversity and nutrient source on resource use efficiency, a split plot
experiment was conducted based on complete randomized blocks with 3 replications at the Agricultural
Research Station, the Ferdowsi University of Mashhad, Iran, during 2006 and 2007. The treatments included
manure and chemical fertilizers as the main plots and intercropping of 3 soybean varieties (Williams, Sahar and
Gorgan3), intercropping of 3 Millet species (common millet, foxtail millet and pearl millet), intercropping of
millet, soybean and sesame (Sesamum indicum L.) and intercropping of millet, sesame, fenugreek (Trigonella
foenum-graecum) and ajowan (Trachyspermum ammi L.) as sub plots.

Results and discussion

The results indicated that in the first year, intercropping of 3 Millet species and intercropping of millet,
soybean and sesame showed the highest water use efficiency (WUE) based on biological yield. In the second
year, intercropping of 3 millet species showed the highest WUE based on biological yield. The highest
concentrations of nitrogen, phosphorous and potassium in crop tissues were observed in intercropping of 3
soybean varieties and intercropping of millet, soybean and sesame. In the first year, intercropping of 3 soybean
varieties showed the highest nutrient use efficiency (NUE). In the second year, intercropping of 3 soybean
varieties, intercropping of millet, soybean and sesame and intercropping of millet, sesame, fenugreek and ajowan
showed the highest NUE. In the two years, intercropping of millet, soybean and sesame and intercropping of
millet, sesame, fenugreek and ajowan showed the highest nitrogen and phosphorus absorption efficiency (NAE).
Intercropping of millet, soybean and sesame showed the highest potassium uptake efficiency. In this study,
nutrient resource did not have a significant effect on water and nutrient use efficiency.

The research results have indicated that often nitrogen amount and use efficiency in legume and non legume
intercropping were higher than monocultures. This indicates the synergist effect in the intercroppings
(Vandermeer, 1989; Szumigalski & Van Acker, 2006). In general, the different benefits of diversity and better
use of available inputs are obtained by increasing the diversity of crops and proper selection of

plants cultivated in intercropping systems and crop rotations in monoculture systems
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Introduction

Fertilizers are the key components which provide plant nutrients' needs in recent years (Omid Jangir & Sing,
1996; Kapoor et al., 2007). In many cases, using chemical fertilizers has different negative environmental effects
such as soil, water and air pollution, which increase environmental hazardous and production costs (Jangir &
Sing, 1996; Kapoor et al., 2007). Biological activities are markedly enhanced by microbial interactions in the
rhizosphere of plants (Kapoor et al., 2007).

Many investigators have successfully used mycorrhiza to increase the availability of immobilized phosphate
and thus minimize the use of mineral fertilizers. Arbuscular Mycorrhizal Fungi (AMF) can better enable a plant
to withstand environmental stresses such as drought and salinity. AMF interacts with pathogens and other
rhizosphere inhabitants which affect plant health and nutrition. More importantly, mycorrhizal fungi are capable
of dissolving weakly soluble soil minerals, especially phosphate, by releasing acids or increasing CO, partial
pressure (Gupta et al., 2002; Gosling et al., 2006; Kapoor et al., 2007). Therefore, they have the ability to
enhance host plant uptake of relatively immobile nutrients particularly P, S and Zn.

Limited water supply is also another major environmental constraint in the productivity of crop and
medicinal plants. Moisture deficiency induces various physiological and metabolic responses such as stomatal
closure, decline in growth rate and photosynthesis (Flexas & Medrano, 2002). The results of Baher et al. (2002)
showed that greater soil water stress decreased plant height and total fresh and dry weight of Satureja hortensis
L.

Materials and methods

In order to study the effects of mycorrhiza inoculation and different irrigation levels on the growth,
quantitative and qualitative yield of fennel (Foeniculum vulgare Mill.) and ajwain (Trachyspermum ammi L.), a
field experiment was conducted as factorial based on randomized complete block design with three replications
at the Agricultural Research Station, the Ferdowsi University of Mashhad, Iran during two growing seasons of
2009-2010 and 2010-2011. Mycorrhiza inoculation (with and without inoculation) and irrigation levels (1000,
2000 and 3000 m’.ha™") were allocated to the first and the second factors, respectively. Several criteria such as
yield components (including branch numbers per plant, umbel number per branch, umbellet number per umbel,
seed number per umbellet and 1000- seed weight), biological yield, seed yield, harvest index, essential oil
content and essential oil yield of fennel and ajwain were measured.

Results and discussion

Results indicated that the simple effects of mycorrhiza inoculation and irrigation levels on the biological and
seed yields, harvest index (HI), yield components, essential oil content and essential oil yield of fennel and
ajwain were significant (p<0.01). The maximum biological yield of fennel (5.3 g.m™) and ajwain (4.3 g.m?)
were observed in mycorrhiza inoculation. Mycorrhiza inoculation enhanced seed yield of fennel and ajwain up to
46% and 97% compared with control, respectively. The highest essential oil content of fennel (4.2%) and ajwain
(3.0%) were obtained in mycorrhiza inoculation. The highest and the lowest seed yield of fennel and ajwain were
observed in 3000 m®.ha™ (1.6 and 0.9 g.m™) and 1000 m’.ha™ (1.4 and 0.7 g.m™) irrigation levels, respectively.
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The maximum essential oil content of fennel and ajwain were obtained in 3000 m>.ha™ (4.0% and 3.4%) and the
minimum were for 1000 m’ha” (3.2% and 2.9%). Interaction effects among mycorrhiza inoculation and
different irrigation levels on the biological yield, HI and some yield components of fennel (such as branch
number per plant, umbel numbel per branch, umbellet number per umbel and seed number per umbellet) and
ajwain (such as umbellet number per umbel, seed number per umbellet and 1000- seed weight) scale fern
number, seed number and 1000 seed weight of ajwain were significant (p<0.05). Inoculation with mycorrhiza,
enhanced root development and resulted in the availability of moisture and nutrients, particularly phosphorus.
On the other hand, these fertilizers are the cause of production of many growth regulators for the plant. The
higher irrigation levels increased photosynthesis and dry matter production due to vegetative growth and
photosynthesis area of the plants.
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Introduction

With the continuous growth of world population, degradation and ecological imbalance throughout the
world, there is a need to increase agricultural production and environmental protection measures. In this respect,
efforts to supply nutrients to the environment are at the head of the programs. One of the ways to approach this
goal is the use of intercropping systems (Najafi & Mohammadi, 2005). Suitable performance in intercropping

systems may be achieved by selecting genotypes possessing traits consistent with and appropriate for
establishing minimum and maximum synergy and competition employing proper agronomic practices such as
density and planting pattern (Mutungamiri et al., 2001). In this context, selected plants should be less
competitive in terms of environmental impact. The purpose of this study was to investigate the effect of different
planting patterns on the competition between the two species of Calendula and soybean and to evaluate the yield
and quality of an intercropping system compared with a mono-cropping system.

Materials and methods

In order to evaluate the competition between soybean and calendula, a field experiment was conducted based
on randomized complete block design with 7 treatments and 3 replications in the research farm of the Faculty of
Agriculture, the University of Tabriz in 2009. The treatments included pure stands for both species, 1:1, 2:2, 4:2,
4:4 and 6:4 for soybean and calendula number of rows per strip, respectively. Before planting, soybean seeds
were inoculated with Bradyrhyzobium japonicum. Before harvesting, the number of pods per plant, seeds per
plant, 1000- seed weight, seed yield, percentage of oil and protein of soybean seed were measured in 10
randomly selected plants. The number of flowers per plant, dry inflorescence weight and dry petal weight of
Calendula were recorded. The harvest of flowers of calendula began on July 30 and harvesting was done every
15 days in six steps. It was continued to mid-October. Total dry petals and sepals of 6 withdrawals flower per
plot were considered as inflorescence dry weight. The land equivalent ratio (LER), actual yield loss (AYL),
relative crowding coefficient (RCC), aggressivity (A) and competitive ratio (CR) were determined at the end of
the growing season. For statistical analysis, analysis of variance (ANOVA) and Duncan’s multiple range test
(DMRT) were performed using Mstat-C.

Results and discussion

The results showed that the effect of planting pattern on the number of pods per plant, seeds per plant, 1000-
grain weight, seed yield of soybean, percentage of oil and protein contents of soybean was not significant. The
effect of planting pattern on inflorescence dry weight and dry petal weight of calendula was significant. Row and
strip intercropping 6:4 produced greater dry inflorescence weight and dry petal weight than calendula
monoculture. The highest petal and inflorescence yield was achieved by 1:1 (87.63, 30.75) and 6:4 (41.75,
22.68) intercrops, respectively. The effect of planting pattern on the number of flowers per plant was significant
at 1% level. The number of flowers per plant for row intercropping and strip intercropping of 1:1 and 6:4 were
greater than calendula monoculture. The highest flowers per plant was achieved by 1:1 and 6:4 intercrops,
respectively. The land equivalent ratio was greatest for 6:4 and 1:1 intercrops equal 1.34 and 1.13, respectively
and the lowest land equivalent ratio was achieved by 2:2 intercrops. The actual yield loss value of all treatments
were positive that indicated increased yield. In row intercropping and strip intercropping 4:4 and 2:2 competitive

1, 2 and 3- MSc Student, Professor and Associate Professor, Department of Eco-physiology, Faculty of Agriculture,
Tabriz University, Tabriz, Iran, respectively.
(*- Corresponding author Email: allahdadi m@yahoo.com)



132 Journal of Agroecology Vol 7, No 1, 20015

ratio of calendula (1.13, 1.25, 2.06) was>0 and the competitive ratio of soybean (1.07, 1.2) was>1 that show that
yield advantage was greater than mono-cropping system. The relative crowding coefficient (RCC) of calendula
(0.46, 0.46, 0.76) was greater than that of soybean that proves the competitive advantage of calendula against
soybean. In strip intercropping, 6:4 and 4:2 aggressivity of soybean (0.98, 1.43) was>0, that indicates the relative
yield of soybean is greater than calendula. The negative aggressivity of calendula (0.93, 1.19) in this treatment
shows that the relative yield of calendula is less than soybean. In row intercropping and strip intercropping 4:4
and 2:2 competitive ratio of calendula (1.13, 1.25, 2.06) was>0 and competitive ratio of soybean (1.07, 1.2) was
>1 that shows that yield advantage was greater than mono-cropping system.
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Introduction

Intercropping of legumes with cereals is one of the old practical multi-cropping techniques to increase crop
yields and to improve land use efficiency (Thobatsi, 2009; Poggio, 2005). Hence, competition among mixtures is
thought to be the major aspect affecting yield as compared with solitary cropping. Species selection, seeding
ratios and competition capability within mixtures can affect the growth and yield of the species used in
intercropping systems (Agegnehu et al., 2006; Banik et al., 2006). Some competition indices such as land
equivalent ratio, aggressivity, relative crowding coefficient and competitive ratio have been proposed to describe
competition and economic advantages of intercropping systems (Dhima et al., 2007). Therefore, the objective of
this study was to compare the productivity of corn intercropped with different bean cultivars compared with sole
cultures and to examine the competitive relationships of corn and bean cultivars in intercrops.

Materials and methods

A field experiment was carried out in randomized complete block design with three replicates at the Sari
Agricultural Sciences and Natural Resources University (latitude 36°N, longitude 53°E and altitude of 25m below
sea level, GARMIN, GPSmap) during 2010. The experimental treatments were mono-cropping of corn, white

bean, bush bean, red bean, pinto bean, and intercropping of corn with bean types in 50:50 planting ratio. The plot
size was 3.0m x 6.0m (providing 5.3 plants.m™ for solitary treatment). Experimental plots of pure corn and
mixed crops received the 300 kg.ha™ of urea, 100 kg.ha™' of potassium sulfate and triple super phosphate and the
pure bean cultivars plots received 100 kg.ha" of urea, potassium sulfate and triple super phosphate all applied at
planting. The experiment was planted on May 1 in 2010 and was harvested on September 20 in 2010. seed yield
was determined by harvesting each crop separately from the mixtures in the two middle rows. The land
equivalent ratio (LER), aggressivity (A), relative crowding coefficient (K) and competitive ratio (CR) were
calculated by using the following formula:

LER= YC/ ch+ Yb/ Ybb

where Y. and Yy, are the yields of corn and bean cultivars as sole crops, respectively and Y. and Y, are the
yields of corn and bean cultivars as intercrops, respectively;

Kcom:(Yc x Zb)/(ch 'Yc) x Zc and Kbean :(be Zc)/(Ybb'Yb)X Zb

where Z. and Z;, are the proportions of corn and bean cultivars in the mixture, respectively;

Acom: (Yc/ch x Zc)'(Yb/Ybb x Zb) and Abean: (Yb/Ybe Zb)'(Yc/ch X Zc)a

CReom= (LER/LERy) x (Zy/Z.) and CRyey= (LERy/LER,) X (Z./Z})

For statistical analysis, analysis of variance (ANOVA) and least significant difference (LSD) were performed
using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).

Results and discussion

In the present experiment, intercropping the corn-bush bean and corn-pinto bean had the highest economical
yields (5718.4 and 5687.1 kg.ha™, respectively) and land equivalent ratios (LER=1.13 and 1.21, respectively).
Among different crops, the highest relative crowding coefficients were related to red bean (K= 1.85), pinto bean
(K=2.41) and sword bean (K= 2.80). The most aggressivity value, however, belonged to pinto bean intercropped
with corn (A= -0.02). Also, both the red bean and pinto bean (CR=0.75 and CR=0.98, respectively) had the
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maximum competitive ratios. Furthermore, the most corn relative crowding coefficient (K=1.15) belonged to
corn and sword bean intercropping. The maximum corn aggressivity value was observed in corn intercropped
with white bean (A=+0.60) and bush bean (A=+0.69). In conclusion, according to competition indices,
intercropping of 50% corn +50 % red bean and pinto bean plants were superior as compared with other
combinations.
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Introduction

Since excessive use of fertilizers causes changes in soil pH and salt augmentation, it reduces soil fertility and
bacterial activity (Pokorna, 1984), while use of manure increases soil microorganisms activity and results in the
production of carbon dioxide, ammonium nitrate and simple acids in the soil (Patel & Patel, 1988). Bio-
fertilizers that are beneficial microorganisms cause nitrogen fixation, release of phosphate ions, potassium, iron,
etc., and will help the plants in the absorption of elements (Wu et al., 2005). Since the production process of
medicinal plants is going to improve the quality, quantity and safety of their active substances, healthy nutrition
plants by using biofertilizer and organic manure, are more compatible with this process. In this study, the effects
of the application of organic fertilizers on yield and morphological index of roselle was studied.

Materials and methods

The experiment was conducted as split plot based on a randomized complete block design with three
replications at the Agricultural Research Center of Zabol University, Iran during the growing season of 2011-
2012. The treatments included three manure levels; 0, 10 and 20 t.h! and eight levels of biofertilizer such as
control, nitroxin, biosulfur, biological phosphorus, nitroxin+ biosulfur, nitroxin+ biological phosphorus, bio-
sulfur+ biological phosphorus, nitroxin+ biosulfur+ biological phosphorus. Different levels of manure and bio-
fertilizer inoculations were considered as main plots and subplots, respectively. Adding manure to the soil and
seeds of roselle inoculation treatment was performed with biofertilizers before planting. Traits including plant
height, stem diameter, number of lateral branches, number of fruits, economical yield, biological yield, harvest
index and morphological index of roselle were measured at the end of the growing season (November) when the
fruits were at physiological maturity. The former measurements were statistically analyzed using SAS program
version 1.1. Means were compared by using Duncan multiple range test at 0.05 level.

Results and discussion

Based on the results, levels of manure and biofertilizers and their interactions on biological traits were
significant. The results showed that 10 t.h™ manure+ nitroxin consumption increased plant height and stem
diameter by 24 percent compared with control (168.5 vs. 135.4 ¢cm and 13.3 vs. 10.7 mm, respectively). The
same results have been reported for fennel by Azzaz et al. (2009). 10 t.h”' manure+ nitroxin treatment increased
the number of fruits by 111 percent compared with the control treatment (36 vs. 17 fruits per square meter). The
highest number of lateral branches (8.3) was obtained in 10 th™' manure+ nitroxin treatment that shows an
increase of 66 percent when compared with the control treatment (5.1). The highest economical yield (1.29 t.ha’
") was shown in 10 t.h"" manure+ nitroxin treatment that indicates more than 300 percent increase in economical
yield compared with the control treatment (0.3 t.ha™"). The highest Biological yield (17.4 t.ha™) and harvest index
(7.6 %) were obtained in 10 t.h"! manure+ nitroxin treatment. Farm yard manure is the most important source of
energy and nutrients through improved physical, chemical and biological soil properties to increase the yield
(Fallahi et al., 2009). Also use of biofertilizer includes nitroxin that can produce vitamins, drivers of growth and
root growth can accelerate the absorption of water and nutrients, and improve the number of branches of flowers,
fruit and their biological yield. These features increase the economical yield which is positively related to
growth. These results are in agreement with the results of researchers (Sanches Govin et al., 2005). The results
showed that the combined use of manure and bio-fertilizer, rather than taking them individually plays an
effective role in increasing economic performance and growth characteristics of roselle.
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Introduction

In recent years, integrated farming systems have been developed based on reduced inputs of chemical
fertilizers. Many researchers believe that using fungal bio-fertilizers is an environmentally-friendly approach, as
it can help to enhance the crop growth and promote organic farming production (Bulluck et al., 2002; Chacon et
al., 2007; Leck et al., 2008; Martinez-Medina et al., 2011). The network of arbuscular mycorrhizal fungi’s
(AMF) mycelium connects to the roots and increases the soil volume, which can be more efficient in phosphate
uptake than a non-mycorrhizal root (Yedidia et al., 2004; Meghvansi et al., 2008; Neumnn and George, 2009).

Fungal genus Trichoderma (T) is cosmopolitan in soils and the ecological adaptability of Trichoderma
species is evident by its widespread distribution including under different environmental conditions and on
various substrates (Zheng and Shetty., 2000; Harman, 2005; Yadav et al., 2009; Powlson et al., 2011; Medine et
al., 2011). In addition, a synergistic effect of some saprophytic fungi on AMF colonization has been confirmed
(Gosling et al., 2006; Meghvansi et al., 2008; Ene and Alexandru, 2008; Martinez and Johnson, 2010; Martinez-
Medina et al., 2011; Hemashenpagam et al., 2011). Meghvansi et al. (2008) reported that some Trichoderma
strains may influence AMF spore germination and activity.

In recent years, increase in soybean cultivation in Iran has improved the rural economy and socio-economic
status of Iranian farmers. Therefore, this study was designed to evaluate the response of soybean seedling growth
to inoculation of AMF (both G. intraradices and G. mosseae) and the beneficial fungus of Trichoderma
harzianum under conventional and low input phosphate conditions.

Materials and methods

A field study was conducted at the research farm of the Genetics and Agricultural Biotechnology Institute of
Tabarestan, the Sari Agricultural Sciences and Natural Resources University (SANRU) during the 2011-2012
growing season. This site is located at latitude 36'N, longitude 53°E and altitude of 25m below sea level
(GARMIN, GPSmap). A factorial experiment was used based on a randomized complete block design with three

replicates. Treatments were two factors of fungi inoculation with six levels (T. harzianum and AMF genus
Glumus: G. mosseae, G. intraradices, and co-inoculation of T. harzianum + G. mosseae, T. harzianum + G.
intraradices and noninoculated control) and phosphorus amounts at three levels (conventional P: 140 k.ha™ and
reduced levels of Pyo,: 0 and Psge,: 70 kg.ha’l). The data were analyzed by using GLM procedures included in the
SAS statistical package version 9.1.

Results and discussion

Results of combined analysis showed that the inoculation of T. harzianum and G. mosseae increased SPAD
value up to 17% and 16% at the reduced (70 kg.ha™) and the conventional (140 kg.ha™) phosphorus dosages as
compared with the control, respectively. Using these inoculants plus either reduced or conventional phosphorous
dosages had a more remarkable effect on chlorophyll a than those plots without phosphorous application. Co-
inoculation of Trichoderma and mycorrhizae fungi in the reduced phosphorous dosage did not have a significant
effect on the plant dry weight and chlorophyll a content than the conventional phosphorous dosage. In the
present study, the effectiveness of these fungi on soybean growth was remarkable in the reduced phosphorous
dosage (70 kg.ha™") than the non-application of phosphorous. However, these fungi did not show any efficiency
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in the conventional phosphorous dosage.
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Introduction

Chickpea is the most important legume in West Asia and North Africa especially under rainfed conditions
(Silim et al., 1993). Chickpea yield is at low levels in major producing countries (Millan et al., 2006), indicating
a need to increase crop yield via crop genetic improvement and enhanced crop management. Genetic and
management constraints can be analyzed by using crop simulation models. Crop models are very useful tools to
evaluate the potential yield and environment constraints, genetics and management factors (Lobell et al., 2009).
The yield gap (Yg) is the difference between Yp (irrigated crops), or Yw (rainfed crops) and actual yields (Ya).
Any improvement of crop management practices requires that the potential yield and its difference with actual
yield be determined and ultimately evaluate the determinants of yield gap (Lobell et al., 2009). Assessment of
potential yield and yield gaps can help in identifying the yield limiting factors and it helps us develop suitable
strategies to improve the productivity of any crop (Naab et al., 2004). In this study, yield potential and yield gap
across the major chickpea-growing regions of the Khorasan Razavi province in Iran were quantified by using the
SSM-chickpea model and actual yield and its variability within farmers’ fields were evaluated. This study tries to
determine the potential yield capacity and chickpea yield gap.

Materials and methods

For model parameterization, a field experiment was conducted in a randomized complete design with 4
replications in the research field of the Ferdowsi University of Mashhad. The chickpea cultivar ILC482 was used
in this experiment.

The chickpea model of Soltani & Sinclair (2011) was used in this study. The simulations started from the
sowing date and ended at maturity. Finally, the simulated results of LAI, aboveground biomass and seed yield
were examined by the root mean square error (RMSE). RMSE was calculated (Wallach & Goffinet, 1987):

Where Oi is the observed data, Pi is the simulated data and n is the total number of observations.

The study was performed at nine regions in the Khorasan Razavi province located in the Northeast of Iran,
under two water conditions, i.e. potential and water limited. Irrigated and rainfed actual yields were based on
statistical data at regional level for the period of 2002-2012, which were collected from the Agricultural Jihad of
the Khorasan Razavi province (Anonymous, 2012). These yields were averaged out for calculating the actual
yield for each region for which simulations were carried out.

Yield gaps

Yield gaps were defined as:

YGMM-= Simulated potential yield - simulated water limited yield

YGMI= Simulated potential yield - irrigated actual yield

YGMR= Simulated water limited yield - rainfed actual yield

Results and discussion

The results suggest that the Khorasan Razavi province with low actual Chickpea yields has a high probability
of large yield gaps and large potentials to increase current yields. The model simulations showed that the average
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potential yield of Chickpea for the regions was 2251 kg.ha™', while the water limited yield was 1026 kg.ha™
indicating a 54% reduction in yield due to adverse soil moisture conditions. The average irrigated and rainfed
actual yield were also 64% and 79% less than the simulated potential and water limited yields, respectively.
Across all study locations, the potential yields were less variable than water limited and actual yields, and were
correlated with solar radiation during the season (R2 = 0.63, p< 0.05). Generally, YGMI and YGMM showed an
increasing trend from the North (including Neishabur, Mashhad, Quchan and Daregaz regions) to the South of
this province (Torbat Jam and Gonabad). In comparison with other yield gaps, the quantity of YGMR was very
low because both limited simulated water and average rainfed actual yields were low in these regions.
Furthermore, YGMR was more or less unaffected by the amount of rainfall received in these regions.
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Introduction

Oilseed pumpkin is a medicinal plant, and it seeds as well as some other parts of it are being utilized in
treating an array of human diseases in Iran. Plant yield and its components are considered in plant production
and the effect of water stress depends on plant type, harvested product, irrigation intervals and time of stress (Ali
and Shui, 2009). Drought is one of the most common and important environmental stresses that may limit
agricultural production worldwide. Despite the negative effects on yield, drought stress can enhance other
stresses, to the especially nutrient deficit stress in plant (Kumbhar et al., 2007). Among food elements, nitrogen
plays a very crucial role in the production power of crops and its deficit is one of the most important limiting
factors to crop yield. Nutrient absorption is reduced under water deficiency conditions which causes proper
proportion generation between water supply and fertilizer consumption that can reduce excessive consumption of
nitrogen and this does not have any positive effect on seed yield in such conditions. Considering the plant's
significance in the health products industry on the one hand, and the countrywide drought stresses and a lack of
information on mineral nutrition of the oil seed pumpkin on the other hand, the aim of the present paper was to
study the impact of different irrigation regimes and nitrogen levels on percentage of seed fatty acids, yield, water
and nitrogen use efficiency of pumpkin.

Materials and methods

Field experiment was carried out as split plot based on complete randomized block design with three
repl1cat10ns at the Bu-Ali Sina University in the growing season of 2013. Irrigation (320, 420 600 and 900 mm.
ha') was set as the main plots and nitrogen fertilizer (0, 130, 260, 390 and 520 kg urea.ha™) was allocated in
subplots. A furrow irrigation system was used for crop irrigation and irrigation treatments were applied after full
establishment of the plants. Nitrogen fertilizer was applied at three stages of planting, flowering and fruiting. The
evaluation traits included oleic acid, linoleic acid, fruit and seed yield, water use efficiency (WUE) and
agronomic nitrogen use efficiency (ANUE). After physiological maturity, 1 m” from each experimental unit was
harvested to determine fruit and seed yields. Seed yield was calculated with 14% mmsture at the harvest time.
Seed fatty acids were determined using gas chromatography (GC). The WUE (kg.mm ' water) was calculated for
fruit and seed yield. Agronomic nitrogen efficiency (ANE) was calculated as the ratio of (Grain yield F — seed
yield control) to N applied, where F equals fertilizer treatments (El-Gizawy, 2009). SAS procedures and
programs were used for analysis of variance (ANOVA) calculations. The significance of the treatment’s effect
was determined using F-test and to determine the significance of the difference between the means of the two
treatments. Least significant differences (LSD) were estimated at the 5% probability level.

Results and discussion

Our findings indicated that the effects of irrigation and nitrogen on all traits were significant (p<0.01). Also,
interaction of irrigationx nitrogen had a significant effect on all traits except WUE and ANUE. The highest
values of linoleic fatty acid, fruit y1e1d seed yield and agronomic mtrogen use efficiency were achieved with the
consumption of 600 mm water.ha™ and application of 390 kg urea.ha”. The lowest fruit and seed yield were
obtained with the consumption of 320 mm water.ha™ and nonapplication of urea. The highest water use
efficiency for fruit and seed yield; 56.61 and 1.10 kg.mm™', were obtained at 600 mm irrigation water ha™.
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Between nitrogen levels, maximum and minimum WUE for fruit and seed yield, were achieved at treatments of
390 and 0 kg urea.ha™, respectively. Also, maximum agronomic nitrogen efficiency belonged to 390 kg urea. It
seems that water and nitrogen limitation during the growth period of the plants caused a decrease in fruit number
per plant, seed number in fruit and seed weight through interruption in fertilization and reduction in plant growth
period. The WUE was obviously reduced due to an increase in water consumption at irrigation level of 900, and
a decrease in yield at irrigation level of 320 mm water.ha ', respectively. With increasing N rates up to 390 kg
urea.ha”', WUE increased due to an increase in fruit and seed yield. Generally, based on the results of this
research and by considering water and nitrogen use efficiency, irrigation of pumpkin plants with 600 mm
water.ha” and consumption of 390 kg urea ha™ are identified as suitable treatments.
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Introduction

The environmental impact quotient (EIQ) developed by Kovach et al (1992) is used an effort to fill an
important gap; i.e. the need to provide farmers and others with easy-to-use information about the adverse effects
of pesticides. It represents a method for calculating the environmental impacts of pesticides, and the values
obtained from these calculations can be used to compare different pesticides and pest management programs
with each other to ultimately determine which program or pesticide is likely to have the lowest environmental
impact.

The EIQ value for a particular active ingredient is calculated according to a formula that includes parameters
for toxicity (dermal, chronic, bird, bee, fish, and beneficial arthropod), soil half-life, systemicity, leaching
potential, and plant surface half-life. Each of these parameters is given a rating of 1, 3 or 5 to reflect its potential
of causing harm. Six of these ratings are based on measured or known properties and the other five are based on

judgments according to their potentially low, moderate or severe impact. Since the EIQ value is mainly a hazard

indicator, additional calculations are required to obtain an indication of the pesticide risk. To account for
exposure, an equation called the Field Use EIQ has been developed. This rating is calculated by multiplying the
EIQ value for a specific chemical from the tables by the percent active ingredient in the formulation and its
dosage rate used per hectare (usually in liters or kilograms of the formulated product).

EIQ is used in different studies to compare the environmental effects of different pesticides and/or different
production systems (Avila et al., 2011; Doris et al., 2011; Gallivan et al., 2001; Macharia et al., 2009). The aim
of this study was to evaluate management strategies in using pesticides in wheat and barley farms in the city of
Mashhad located in the Khorasan Razavi province in Iran.

Materials and methods

Data related to pesticides (insecticides, herbicides and fungicides) used in wheat and barley in the city of
Mashhad located in the Khorasan Razavi province were gathered through face to face filling questionnaires by
the users. The indices measured in this study include Environmental Impact Quotient (EIQ) and its components
(farm worker, consumer, leaching and ecology) and Field Use Rate - EIQ (FUR-EIQ). EIQ is calculated based
on the work of Kovach et al. (1992). The formula is:

EIQ={C[(DTx5)+(DTxP)J+[(Cx((S+P)/2)xSY)+(L)+[(FXR)+(Dx((S+P)/2)x3)+(ZxPx3)+(BxPx5)]}/3

In this formula: DT: Dermal Toxicity; C: long term health effects; SY: mode of action; F: fish toxicity; L:
leaching potential; R: surface runoff potential;, D: bird toxicity; S: soil residue half-life; Z: bee toxicity; B:
beneficial arthropod toxicity; P: plant surface half-life.

EIQ field use rating was calculated by multiplying the EIQ value for a specific chemical from the table by the
percent active ingredient in the formulation and the rate of its dosage used per hectare:

EIQ Field Use Rating = EIQ x % active ingredient x Rate
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Results and discussion

A large degree of variation was observed in the amount of EIQ and its components. The results showed that
in wheat cultivation, Carbendazim had the most effect on the farm worker component and Diazinon had the least
effect on this component. The most risk of the consumer and leaching component in wheat fields were shown in
fungicides. The fungicide Carbendazim had the most effect on the consumer and leaching component. The least
effect on consumer and leaching component were obtained in Deltamethrin. Replacement of Carbendazim with
Iprodione, Thiram and Carboxin which are used for disinfection of seeds will improve the consumer and
leaching component.

In terms of ecology, the Diazinon component had the most dangerous environmental risk in wheat fields. In
this section, pesticides were more importance than fungicides. The use of Deltamethrin to control Eurygaster
integriceps in wheat, is not recommended and it should be replaced by Trichlorfon because of the risk of
ecological destruction. Such ecological destruction is not much different among the various fungicides.

The maximum and minimum amount of EIQ among the pesticides used in wheat farms in Mashhad were
obtained in Diazinon and Deltamethrin, respectively. 2, 4- D and Fenoxaprop ethyl had the lowest and highest
EIQ indices among the herbicides used in wheat farms. The lowest FUR-EIQ index in wheat fields was observed
for the application of herbicides. The maximum value of this index was shown in the usage of fungicides. The
highest value of the EIQ-FUR related to the Carbendazim fungicide. Due to low consumption of Detamethrin, it
had the small value of this index. Considering EIQ-FUR, the use of Deltamethrin is considered to be more
appropriate than Trichlorfon. Use of Iprdion for the disinfection of seeds, and Tribenuron-methyl for the
elimination of weeds in wheat fields are the best choices since they had the lowest FUR-EIQ index.

In barley cultivation, Carbendazim and Diazinon had the most and the least effects on farm worker
component, respectively. In the consumer and leaching component, the most and the least effects were to the
observed in Carbendazim as a fungicide and in the Deltamethrin as an insecticide, respectively. In terms of
ecology, the Diazinon and Tribenuron-methyl components had the most and the least effect respectively. In this
respect, the fungicides used for seed treatment did not show much difference.

The maximum EIQ among the pesticides used in barley fields in Mashhad was observed in Carbendazim.
Iprdion used for the disinfection of seeds had the lowest EIQ. Considering the herbicides 2, 4- D and Fenoxaprop
ethyl had the lowest and highest values of EIQ, respectively.

The evaluation of FUR-EIQ in barley fields in Mashhad showed that cyproconazole was the best fungicide
used for seed disinfection and it is a good alternative for Carbendazim. Carbendazim was assessed as the most
dangerous environmental pesticide. Considering the pesticides dosage and FUR-EIQ, Deltamethrin was found to
be a suitable insecticide against Eurygaster integriceps and Tribenuron-methyl was found to be a less dangerous
herbicide.

The results showed that in wheat and barley farms in Mashhad, the biggest danger in farm worker consumer
and leaching components was Carbendazim fungicide. Diazinon pesticide had the lowest risk in the farm laborer
component. The lowest risk in consumer and leaching component related to the Deltamethrin pesticide. In terms
of the ecology components, the most environmental degradation was created by the Diazinon pesticide.
Carbendazim is the most dangerous pesticide. Based on the measurements of FUR-EIQ, the fungicides had the
highest risk and the herbicides had the lowest risk.
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Introduction

In general, canola is a salt sensitive crop especially at germination and seedling establishment stages. Hence,
saline soil or saline water can affect canola yield potential through salt stress induction (Francois 1994; Hashemi
et al. 2010). Soil and water salinity are two of the major problems of agriculture in the arid and semi-arid regions
of the world, especially in Iran (Ashraf and McNeilly 2004; Rameeh et al. 2004). On the other hand, reasonable
canola production depends on nutrient supply and any increase in quantitative and qualitative yields is highly
correlated with the availability of nutrients, especially nitrogen and Zinc (Chamorro et al. 2002; Bahmanyar and
Kazemi Poshtmasari 2010).

Since Zn deficiency is one of the most widespread micronutrient deficiencies in Iran as a result of calcareous
soil, it is important to apply zinc fertilizers to increase crop yield and improve crop quality in such conditions
(Hacisalihoglu and Kochian 2003; Khoshgoftar et al. 2006). On the other hand, N and Zn fertilization differ from
normal to saline soils. Therefore, the objective of this study was to investigate the effects of different rates of N
and Zn on quantitative and qualitative traits of canola irrigated with saline and ultra saline water.

Materials and methods

In order to investigate the effects of nitrogen and zinc levels and water salinity on yield quality characteristics
and nutrient uptake in canola (Brassica napus L. cv. Okapi), a field experiment was conducted in the Agriculture
Research Center of East Azerbaijan, Iran from 2009 to 2010. The experiment was arranged by using a
completely randomized block design based on factorial fashion with three replications. The experimental
treatments included different nitrogen levels (0, 50 and 100 kg. ha™), different zinc levels (0, 5 and 10 kg. ha™)
and different irrigation salinity levels (8 and 16 dS.m™), respectively.

Each plot was 8 m long and consisted of six rows, 0.5 m apart. Between the blocks and the plots, a 1 m wide
alley was kept to eliminate all influences of the treatments on each other. Full amounts of potassium and
phosphorus fertilizers and one third of the N fertilizer were applied at seed sowing time. The rest of the N
fertilizers were used at the rosette and flowering stages.

At the physiological maturity stage, seed yield and yield components in each plot were estimated by
harvesting 8 plants at random. The oil percentage and glucosinolate content were measured using succulent and
HPLC methods, respectively. In addition, N, phosphorous, potassium, calcium, magnesium, sodium and chlorine
were measured in the canola seeds.

The results were subjected to statistical analysis using the SAS software. The analysis of variance (ANOVA)
was carried out as a combined analysis. Mean values were compared by using Duncan’s multiple range test.

Results and discussion

Based on the results, nitrogen and zinc applications showed a significant influence on increasing plant height,
number of pods per plant and seed yield of canola. However, such traits of canola decreased as a result of
increasing water salinity levels (from 8 to 16 dS.m™). Irrigation salinity at rate of 16 dS.m™ showed a significant
effect on increasing glucosinolate percentage in seeds up to 9.5% (from 27.49% to 30.11%).

Glucosinolate which is a toxic organic component is considered as an undesirable qualitative trait in canola
seeds (Francois, 1994; Kim et al., 2002; Bybordi & Malakouti, 2003), although the mechanism by which salinity
affects glucosinolate content is not clearly known. It seems that water or temperature stresses during crop growth
cause glucosinolate accumulation in seeds and consequently affect meal quality. Soil or water salinity is not an
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exception and can decrease oil or meal quality during the process.

Increasing salinity levels caused a decrease in N, P, K and Ca uptake and caused a significant enhancement
of Na and Cl accumulation in the seeds. Totally, it seems that nutrient supply, especially nitrogen, can be
considered as an effective approach to diminish the negative effects of salinity stress.
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