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Fig. 1. Mean comparisons of leaf dry weight of sweet basil in interaction effect of intercropping ratios

with maize and nitrogen fertilizer sources in three cuts (2014 and 2015)
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11, 12, 13, 14 and 15: sole cropping of sweet basil, intercropping of maize + 25% sweet basil, maize + 50% sweet basil, maize
+ 75% sweet basil and maize + 100% sweet basil, respectively. F1: without fertilizer (control), F2: nitrogen chemical
fertilizer (urea), F3: bio-fertilizer (Nitroxin), F4: 50% nitrogen chemical fertilizer + Nitroxin and H1, H2 and H3: first,
second and third cuts of sweet basil, respectively
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Fig. 2. Mean comparisons of total dry weight of sweet basil in interaction effect of intercropping ratios

with maize and nitrogen fertilizer sources in three cuts (2014 and 2015)
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11, 12, 13, 14 and 15: sole cropping of sweet basil, intercropping of maize + 25% sweet basil, maize + 50% sweet basil, maize
+ 75% sweet basil and maize + 100% sweet basil, respectively. F1: without fertilizer (control), F2: nitrogen chemical
fertilizer (urea), F3: bio-fertilizer (Nitroxin), F4: 50% nitrogen chemical fertilizer + Nitroxin and H1, H2 and H3: first,
second and third cuts of sweet basil, respectively
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Fig. 3. Mean comparisons of essential oil yield of sweet basil in interaction effect of intercropping ratios with

maize and nitrogen fertilizer sources in three cuts (2014 and 2015)
A5 ol o ya VO + &y3 b liee SiST 1 14 (Olow s o ya 00 + D)3 bghien CiST i3 Olow y Ao ya YO + )3 bghies CiSH2 O, el ST ilL
tabord 38 Ao, 00 tFA Sy 25 2558 T F3 o) 035 5 bt 355 F2 ((als) 557 (o pme e (FL 5 Oy s Ao ys Ver 4 )3 b e 28

Mb@uk’h&)cﬁ}r}}‘J}‘ﬁ\_A:JJ:AJHS}HZGH]. }L'f:..S}ji:J

11,12, 13, 14 and I5: sole cropping of sweet basil, intercropping of maize + 25% sweet basil, maize + 50% sweet basil, maize
+ 75% sweet basil and maize + 100% sweet basil, respectively. F1: without fertilizer (control), F2: nitrogen chemical
fertilizer (urea), F3: bio-fertilizer (Nitroxin), F4: 50% nitrogen chemical fertilizer + Nitroxin and H1, H2 and H3: first,
second and third cuts of sweet basil, respectively
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Table 2. Mean comparison of plant characteristics of maize in intercropping ratios with sweet basil and

nitrogen fertilizer sources (2014 and 2015)

R O TI HES PSP g e 03
sileT gl les Leaf dry weight ~ Ear dry weight ~ Total dry weight

Treatments (kg.ha'?) (kg.hat) (kg.ha?)

2014 yray 5290a 6580b 17760b

2015 \YaF 5.610a 7180a 19150a

Sole cropping of maize S Lalls s 5640a 7190a 19220a
Maize + 25% sweet basil Ol y do 3 YO + )3 5630a 7030ab 19000ab
Maize + 50% sweet basil Olow y daoy3 B0 + Sy3 5490a 7000b 18690b
Maize + 75% sweet basil Ol y do )3 VO + )3 5390a 6760c 18170c
Maize + 100% sweet basil Ol ) deoy3 Vor + o) 5100b 6430d 17190d
Control (555 o pun puds) dalis 4620d 6190c 16100d
100% chemical fertilizer (urea) (030 055 70 oloandi 355 6220a 7260a 20170a
Biofertilizer (Nitroxin) (oS 5. 78) (s 3 355 4990c 6990b 17960c
Biofertilizer + 50% chemical fertilizer Lo 4030 + gw3 S 5980b 7080b 19590b

L 5yl e DslE Ao s =y Jla|

o 53 Sl (sl iz 0 ga3T ol ckteos &5 20 3 (115 487 (gl S0l O gt a3

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using

Duncan's Multiple Range Test
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Table 3. Land equivalent ratio (LER) in intercropping treatments of maize with sweet basil and nitrogen

fertilizer sources (2014 and 2015)

ol lasles \Yay \Ya¥

Treatments 2014 2015

Maize + 25% sweet basil-without fertilizer 355 5 e e —Olom 5 Aoy YO+ 53 1.28 1.29
Maize + 25% sweet basil+chemical fertilizer 05975 olooad 355 +0bu ) Aoy YO + )3 1.22 117
Maize + 25% sweet basil+biofertilizer e 355 Oy deo 33 YO + 3 1.31 1.23
Maize + 25% sweet basil + biofertilizer + 50% chemical fertilizer 3385+ gland 355 4oy 00 +Obu 5 deo 3 YO + )5 1.25 1.16
Maize + 50% sweet basil-without fertilizer 355 5 e e —Olom 5 Ao y3 B0+ Dp3 1.38 1.38
Maize + 50% sweet basil + chemical fertilizer 05875 olomad 355 +0bu ) Aoy 00 + D)3 1.34 1.33
Maize + 50% sweet basil + biofertilizer 3 355 0w 5 daop3 B+ Dyd 1.46 141
Maize + 50% sweet basil + biofertilizer + 50% chemical fertilizer 3355+ gland 355 4oy 00 +Obu s deo 3 O + b 1.38 1.33
Maize + 75% sweet basil and control 355 U5 s pde —Olow 5 Ao ys VO + S )3 1.46 1.52
Maize + 75% sweet basil + chemical fertilizer 3587 glomad 355 +0buy Lo ys VO + )3 1,45 1.43
Maize + 75% sweet basil + biofertilizer 3 355 0w 5 o p3 VO + D y3 1.55 154
Maize + 75% sweet basil + biofertilizer + 50% chemical fertilizer 3385+ gland 35 Aoy O +0bu, oy VO + 3 149 1.46
Maize + 100% sweet basil-without fertilizer 355 o pan pde —Olou s Aoy Vv + 3 1.54 1.52
Maize + 100% sweet basil +chemical fertilizer 3557 olad 3,8 +0buy doysV e + 2y 151 1.47
Maize + 100% sweet basil + biofertilizer ) 35S + 0l s deoy3 Ver + Sy 1.56 1.56
Maize + 100% sweet basil + biofertilizer + 50% chemical fertilizer ;s + slai 5,8 doy30t +0bu, doys Ve + 03 162 1.48

i I L Olejen )3 5, Slas talS
S v e T lajles 55 b o287 55 508
16, ((Amaranthus  retroflexus L) g,
= glacade 5L 5 (Hyoscyamus niger L)
> (Ghanbari et al,, 2010) C—ulodb i)l ;-5
S 5 Oyd bgliee S 3 6 s ST
3 Cals e le LialST (Cucumis sativus L)
AN S byt 53 5L g I35 L OLe s
.(Ghanbari et al., 2006) &l o
o ilasT dle 93 58 53 48 5l Ol ol
CiS Sl 55 45 555 V/0F (LER) (e (6 0l S
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Oljen o nS el Sz oS5 28 (s 5 255
Slass 528 55 WYY Jsl Jlas 55 e (6 0l o
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bl i8S Hled 53 psn dlo 3 5 (glendi o ST
2 e Lol et Ol 5 Ao 33 YO + (glab sl &3
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Les S ol o 5 A 0 iS” S 5 ontasS” s
¢S b (Zahir et al, 2000) sl
l_gc),sji_fc_axdg\som&\u,}nu:iuﬁ
oI P el 05y e lS L sla ST
5565 3 oy es p slasles 5o 5 adsle 5, Shas
aS sls olis s (Nanda et al., 1995) A& 55 2
G Oy op i b Lall s o iS s
3 T sty S 55 p 5 S VAYY ) wisle
gL 0T 4 S 45 SLaLE L bjslons i8S )
oS 0T s Slas 5035 o 65 0 )ls (¢ a8 4 5
e 3 5 en oS U
&M(,uﬁa};ff}l:f\w‘h)éjl&&:éox
Olouy do)ys Voo 4+ Glad ghe &3 b glie iS4
345 5 o3 bl CiS 5 (Y Js =) 55—
33 O3 g3 3, SNes o 2k 5 (Cucurbita sp.)
OT 5V s 3 58 ke Oads &3 Ll S Hles
o Mn el oy 5 Ogy p3 el ST s



WA G2l o )l (0S5 5 Syl (011 (215 psle 4 25"

5 5o bl i (gla sl ST oS 5l Ol Kos
iS4 o 6 SV LER (glas g |8 oSl
S a8 ey e iy il LS 55 alls
LS 55 ol bsliue St 035 sl e LY
Ay sl oSl by 05558 (FoS a8
(Ahmadi, 2010) Lsb b shiee CiS 55 OT Suslus

S 5 dmi

O+ il Hlas y3 a8 sl 0L Q:%L‘)Tgﬁ‘ 6\:5

33 23 S 58 (G 35S+ oland 55 Ao s
s 55 1B S 3 Shee Ol 5 5 )3 ol
e S lad 2l 53 5 Ol il 3 Shas 5 T
Ol s o ol pbs e 2dls (6,5 1 (ol 555 Hled
o300+ S g ol sy 35S 1 o2l oslanl
AR g Sl Ol e w1y sl glard S
S3aslES Slwl) 53 5 gl slas S o s
s 0L iy ool gl s i3 a5 5, 5e Sl
S 53 Ol s 5 D3 olS 55 8 e 5 Shee &S
Lo 55 bliee S8 lasleas 4 Lo ol
G b gliee St lac il dan j3 555 0l
S ki QLS o755 G 5 e e} S 0
Lol (288 S5 4 ol oS 55 ol b gl S
b 05l L e L5 40 487 iy oo S 4y B o0
iS5 Olou s (S5 4z Ol oS aly
Colal 3 5 0313 il 331 3 Uy il 551 o sl
Ol alT o S egn Sl (S 48T b sl iS
G deg Bl e oS 53 a oolal s Shes

P2y

References

b S olE 93 ol blies SiST 118 oias OLE
b ple iS5 S b)) Bl 2SS
Il 35 o) 6ol p S &S 5l Bl Olow 5 5 D053
V0% 5V e 033 Jlw 53 5 VB 5 VXY ey Ul
bgdien CiS js e Sl eslanal (Ghed s a3 g
38 053 Jlu 5 05309 5 YT sl Jle 53 i &
slaol st gilulds 0 Lol CiS 51 zin 0
(ol 2alS e, Kl jleslicul 5 S5
D)3 bl CLST s s Gl el S LS
CiS 5 il LT Ll CiS a4 G Olow
4S8 Al oo il e Aoy 53 5y b b s
G b S e RS Sl i 6ols e g 0958
FalS 35 0T Jlos a5 &S (gles (g lilay L
A A8 53 8 T 5 B G e s s
S ESE ys ash e M5 e a)ls )0 s 4
S G013 0 Lol cads s (S5 50 Sl
Db ga S slasl s lde ele )l i
s\j.ad;ﬁci-;jéfl;):uﬁ)a:}:gﬁjﬁi}é\
ol Eel w5 e s 53 Wity 51 TT
@b 2 STl e (lapndE 15 oo slacJlas
CiS i a8 sl Ol g s opl 3l ol
4 Cd (§ YL LER ¢ s 5555 Lol ot b glies
YL 2L edas Olid ST sy ajled sl

Al e lard Glad S 4 S () Sl S
2 sbed 5 (s sl S S oL L be3T s
SIS slia @l it 5 0L b sl 2
(Rezayi Chiyaneh and Dabbagh < —ufel 3

3T S ol Mohammadi - Nassab, 2014)

oslawl 8590 xlbo

Abedi, M. H., M. J. Seghatoleslami and S. G. R. Mousavi. 2014. Effects of irrigation intervals and nitrogen

fertilizer levels on vegetative and reproductive yields of basil (Ocimum basilicum L.) under Birjand

conditions. J. Agroecol. 5(4): 342-349. (In Persian with English abstract).

Ahmadi, A., A. Dabagh mohammadi Nasab, S. Zehtab Salmasi, R. Amini and H. Janmohammadi. 2010.



"YAVYEY YA OSan 5 (558 Olaly s Shes 059,55 358 pe 1"
Evaluation of yield and advantage indices in barley and vetch intercropping. J. Agric. Sci. Sustain. Prod. 20:
77-87. (In Persian with English abstract).

Aiyer, A. K. 1963. Principles of Crop Husbandry in India. Bangalore Press, Bangalore, India.

Alexandratos, N. 2003. World agriculture: towards 2015-30. In Proceeding of Congress on Global Food
Security and Role of Sustainable Fertilization, 26-28 March 2003. Rome. Italy.

Bagheri, M., F. Zaefarian, B. Bicharanlou and H. Ghanizadeh. 2014. A Study of intercropping ofmMaize
with sweet basil and borage. Cercet. Agron. Mold. 47: 13-28.

Chen, X., Z. Cui, M. Fan, R. Vitousek, M. Zhao, W. Ma, Z. Wang, W. Zhang, X. Yan, J. Yang, X. Deng,
Q. Gao, Q. Zhang, S. Guo, J. Ren, S. Li, Y. Ye, Z. Wang, J. Huang, Q. Tang, Y. Sun, X. Peng, J.
Zhang, M. He, Y. Zhu, J. Xue, G. Wang, L. Wu, N. An, L. Wu, L. Ma, W. Zhang and F. Zhang. 2014.
Producing more grain with lower environmental costs. Nature. 514: 486—489.

Ghalichi Sofla, M., S. Seifzadeh and M. Khodadadi, 2014. Evaluation of some physiological traits and yield
of basil (Ocimum basilicum L.) under different planting dates and potassium fertilizer amounts. J. Crop.
Prod. Res. 6(3): 221-230. (In Persian with English abstract).

Ghanbari A., H. Ghadiri and M. Jokar. 2006. Effect of intercropping of maize and cucumber on controlling
weeds. J. Pajohesh & Sazandegi. 73: 193-199. (In Persian with English abstract).

Ghanbari A., H. Ghadiri, M. Ghafari Moghadam and M. Safari. 2010. Evaluation of intercropping of maize
(Zea mays L.) and cucurbit (Cucurbita sp.) and effect on weed control. Iran. J. Field Crops Sci. 41 (1): 43-55.
(In Persian with English abstract).

Han, H. S. and K. D. Lee. 2006. Effect of inoculation with phosphate and potassium co-insolubilizing bacteria
on mineral uptake and growth of pepper and cucumber. Plant Soil. Environ. 52: 130-136.

Hasanzadeh Aval, F., A. R. Koochaki, H. R. Khazaei and M. Nassiri Mahallati. 2010. Effect of density on
yield and agronomic characteristics of savory and Persian clover intercropping. Iran. J. Field Cros. Res. 8(6):
920-929. (In Persian with English abstract).

Hernandez, A. N., A. Hernandez and M. Heydrich. 1995. Selection of rhizobacteria for use in maize
cultivation. Cultivar Tropicales. 6: 5-8.

Jahan, M., M. B. Amiri, F. Dehghanipour and M. K. Tahami. 2013. Effects of biofertilizers and winter cover
crops on essential oil production and some agroecological characteristics of basil (Ocimum basilicum L.) in
an organic agrosystem. J. Iran. Agron. Res. 10(4): 751-763. (In Persian with English abstract).

Koochaki, A. and M. Khajeh Hosseini. 2008. Modern Agronomy. Jehade Daneshgahi Mashhad Press.
Mashhad. (In Persian).

Letchamo, W., H. L. Xu and A. Gosselin. 1995. Photosynthetic potential of Thymus vulgaris selections under
two light regimes and three soil water levels. Sci. Hort. 62: 89-101.

Mahfouz, S. A. and M. A. Sharaf-Eldin. 2007. Effect of mineral vs. biofertilizer on growth, yield, and

Y44


https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=698022
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=485143
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=485143
https://www.sid.ir/En/Journal/JournalList.aspx?ID=13479
https://www.sid.ir/En/Journal/JournalList.aspx?ID=13479

WA G2l o )l (0S5 5 Syl (011 (215 psle 4 25"

essential oil content of fennel (Foeniculum vulgare Mill.). Int. Agrophys. 21: 361-366.

Malakouti, M. J. 1998. Comprehensive approach is recommended diagnosis and optimal use of fertilizers for
plants. Tarbiat Modarres University Press. Tehran. (In Persian).

McGuirk, S. M. and S. D. Semard. 2005. Toxicologic emergencies in cattle. Veterinary clinics of North
America. Food. Anim. Practic. 21: 729-749.

Nanda S. S., K. C. Swain, S. C. Panda, A. K. Mohanty and M. A. Alim. 1995. Effect of nitrogen and
biofertilizers in fodder rainfed upland conditions of Orisa. Current. Agric. Res. 8: 45-47.

Nour Gholipour, F., Y. R. Bagheri and M. Lotf Allahi. 2009. Effect of different nitrogen fertilizer sources on
yield and quality of wheat. J. Res. Agric. Sci. 4(2): 120-129. (In Persian with English abstract).

Omidbaigi, R. 2006. Production and Processing of Medicinal Plants. Astan Ghods Razavi Press. Mashhad.
(In Persian).

Pandey, R. K., J. W. Maranville and A. Admou. 2000. Deficit irrigation and nitrogen effects on maize in a
Sahelian environment. I. Grain yield and yield components. Agric. Water. Manage. 46: 1-13.

Raei, Y., S. Kordi, F. Ghanbari, A. A. Shayan, G. Shahkarami and S. Fatahi. 2015. The effect of
Azospirilium bacteria and salicylic acid effects on drought stress tolerance in Ocimum basilicum L. medicinal
plant. Adv. Bioresour. 6(6): 44-53.

Rajeswara Rao, B. R. 2002. Biomass yield, essential oil yield and essential oil composition of rose-scented
geranium (Pelargonium species) as influenced by row spacings and intercropping with cornmint (Mentha
arvensis L.f. piperascens Malinv. ex Holmes). Ind. Crop. Prod. 16: 133-144.

Rezayi Chiyaneh A. and A. Dabbagh Mohammadi Nassab. 2014. Evaluation of application of biological and
chemical fertilizers on quality and quantity yield of ammi. Agric. Eco, 6(3): 582-594. (In Persian with
English abstract).

Rezaei Moadab, A. R., M. Nabavi Kalat and R. Sadrabadi Haghighi. 2014. The effect of vermicompost and
biological and chemical fertilizers on growth yield and essence of basil (Ocimum basilicum L.) in the
Mashhad weather conditions. J. Ecol. Agric. 5(4): 350-362. (In Persian with English abstract).

Shakiba, M. R., R. Amini, S. Sakhavi and A. Dabbagh Mohammadi Nasab. 2016. Advantage of faba bean
(Vicia faba L.) and cumin (Cuminum cyminum L.) intercropping under organic, biological and chemical
fertilizer treatments. J. Agric. Sci. Sustain. Prod. 26(4): 17-32. (In Persian with English abstract).

Thorsted, M. D., J. E. Olesen and J. Weiner. 2006. Width of clover strips and wheat rows influence grain
yield in winter wheat/white clover intercropping. Field. Crops Res. 95: 280-290.

Vessey, J. K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant. Soil. 255: 571-586.

Zahir A. Z., S. A. Abass, A. Khalid and M. Arshad. 2000. Substrate depended microbially derived plant

hormones for improving growth of maize seedling. Pak. J. Biol. Sci. 3: 289-291.


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.vetfood.theclinics.com%2F&ei=exhfVc71PIbgyQOKvoGQBQ&usg=AFQjCNGl5ZQOyvT9Rg6Bd2rrA7lrk7W48w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.vetfood.theclinics.com%2F&ei=exhfVc71PIbgyQOKvoGQBQ&usg=AFQjCNGl5ZQOyvT9Rg6Bd2rrA7lrk7W48w

"YAVYEY YA OSan 5 (558 Olaly s Shes 059,55 358 pe 1"
Effect of nitrogen fertilizer source on yield and essential oil content of sweet basil
(Ocimum basilicum L.) and forage maize (Zea mays L..) yield in intercropping

Panahyan, M.}, S. Kordi? and J. Davarpanah?®

ABSTRACT

Panahyan, M., S. Kordi and J. Davarpanah. 2019. Effect of nitrogen fertilizer source on yield and essential oil content of
sweet basil (Ocimum basilicum L.) and forage maize (Zea mays L.) yield forage in intercropping. Iranian Journal of Crop

Sciences. 21(3):287-301. (In Persian).

To evaluate the effect of nitrogen sources on yield and quality of sweet basil and forage maize under
intercropping (additive series), a field experiment was carried out at the experimental field of faculty of
agriculture, Lorestan University, Khorramabad, Iran, in 2013-2014 and 2014-2015 growing seasons.
Experimental treatments were arranged as factorial in randomized complete block design with three replications.
Experimental treatments included: without fertilizer (Control), 100% chemical fertilizer (N), bio-fertilizer
(Nitroxin), integration of bio-fertilizer + 50% chemical fertilizer, and cropping patterns consisted of; sole
cropping sweet basil and forage maize and the additive intercropping of maize + 25% sweet basil, maize + 50%
sweet basil, maize + 75% sweet basil and maize + 100% sweet basil. Mean comparisons showed that in the
second year sole cropping of sweet basil with 100% chemical fertilizer in second harvest had the highest total
dry weight (3921.9 kg.ha'). Among cropping systems the highest total dry weight (19220 kg.ha') was obtained
from sole cropping of forage maize. Application of the integration of Nitroxin + 50% nitrogen chemical fertilizer
in intercropping produced reasonable biological yield and essential oil yield, and did not show a remarkable
difference with nitrogen chemical fertilizer. The highest LER (1.566) belonged to maize + 100% sweet basil
with bio-fertilizer. The results showed that using the integration of bio-fertilizer + 50% chemical fertilizer can be
considered as an enviromnet-friendly approach to reduce the consumption of chemical fertilizers in support of

sustainable agriculture.

Key words: Biofertilizer, Forage maize, Interropping ratios, Land equivalent ratio and Sweet basil.
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