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Introduction

Sustainable agriculture refersp to the correct management of agricultural resources that, while meeting
changing human needs, and preserve the quality of the environment and the capacity of water and soil resources.
Among the components of sustainable agriculture, we can mention the agroforestry system, integrated pest
management, crop rotation, and intercropping. The purpose of intercropping is to find plants that have the least
competition with each other and use the available resources more effectively. The purpose of this research is to
the effect of intercropping of Roselle on the quantitative and qualitative traits of borage under foliar application
of iron fertilizer and to determine the best ratio of intercropping to achieve the highest yield and the highest level
of land equivalent ratio.

Material and Methods

This research was carried out in the educational research farm of the Faculty of Agriculture of Zabol
University in the agricultural year of 2014-2015. The experiment was carried out as a factorial in the form of a
randomized complete block design with three replications. The treatments examined in this research include
foliar spraying of sulfate fertilizer as the first factor in three levels including |(no foliar application or control,
3gr.I'* and 6gr.I"Y) and eight levels of intercropping including (pure Roselle, pure Borage, 75% Roselle + 25%
Borage, 75% Borage + 25% Roselle, 50% Roselle + 50% Borage, 50% Roselle + 100% Borage, 100% Roselle +
50% Borage, 100% Roselle + 100% Borage were as the second factor. Both plants were planted at the same time
at the end of March in 2x2 plots, where the distance between the planting lines was 50 cm, the distance between
the rows was the same, but the density was different in each row. Irrigation was done according to the needs of
the plants, weeding and thinning during the growth period and weeding was done by hand during three stages.
Wagner's method was used to measure the amount of anthocyanins. The criterion for evaluating intercropping
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was using the land equivalent ratio. At the end, data analysis will be done using SAS version 9.1 software, and a
comparison of means will be done using Duncan's test at the 5 % level.

Results and Discussion

Results showed that the interaction effects of foliar application, iron, and intercropping were significant on
the anthocyanin and mucilage content of borage. Additionally, the simple effects of foliar application of iron
were significant on the number of flowers per stem, stem height, number of sub-branches, biological yield, and
harvest index. The effects of intercropping were significant on the number of flowers per stem, anthocyanin
content, mucilage content, stem height, number of sub-branches, economic yield, and harvest index. The
comparison of means effects of different intercropping systems showed that the highest biological yield (1412.8
kg.ha't) was obtained from the intercropping system of 75% Roselle + 25% borage. In addition, the comparison
of means effects of different intercropping systems showed that the highest amount of economic yield (49.68
kg.ha) was obtained from the treatment of pure borage cultivation. Comparison of means showed that the
highest percentage of mucilage with an average of 0.0713% from the foliar treatment of 6gr.1 of iron sulfate in
the conditions of pure borage cultivation, and the lowest percentage of mucilage was obtained with an average of
0.0280 from the control treatment (no application of iron sulfate fertilizer + 100% Roselle + 50% borage). The
highest land equivalent ratio (2) was obtained from intercropping of 100% Roselle + 50% borage harvest.

Conclusion

According to the results obtained in the present study, the effects of foliar application of iron and
intercropping systems had significant effects on yield and yield components of borage. By increasing the foliar
application of iron improved growth traits and yield. The highest proportion of LER obtained was from 100%
Roselle+ 50% borage, which indicated superior cropping compared to pure crop. This superiority is probably
due to the better use of mixed components of growth resources such as light, water, and nutrients compared to
pure crop.
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Table 4- Comparison of means effects of intercropping and spraying of iron sulfate solution on the
characteristics of borage

ol Sy byle CullS whaw bt $hawwge
Iron sulfate Intercropping Anthocyanin (um.g?) Mucilage (%0)
L.s-’.liS)l Ql%)'slf uéJB S 0_0200c7g* 0.0543¢-¢
Pure Borage
YO gl IV + 3 st 0.0193¢¢ 0.0376%
75% Roselle + 25% Borage
Chigh TV + 3 sl 7Y 0.0186°" 0.0450°9
25% Roselle + 75% Borage
aals Olisls 18-+ 55 sl 0+ 0.0243%¢ 0.0456¢¢
Control 50% Roselle + 50% Borage
OLsl Ve + a0, 0.0180" 0.0366%
50% Roselle + 100% Borage
Oljsls 70 + i gle Ve 0.0210 b9 i
. 0.0280'
100% Roselle + 50% Borage
Ol Ve + oy sl Ve hi
0.0266° 0.0223"
100% Roselle + 100% Borage
wba)l 0bjsl pall cuts 0.0125h 0.0390""
Pure Borage
b3S Y0 + b5 sl VOl 0.0123" 0.0610%°
75% Roselle + 25% Borage '
OLjsB AV + b5 gl ZY0 0.01739" 0.0453¢9
25% Roselle + 75% Borage '
S S aw Oljsl b + oy sy 047 0.0266%¢ 0.0496¢°-f
3g.l? 50% Roselle + 50% Borage
Oss TN+ b sl 04, 0.0260%¢ 0.0613%°
50% Roselle + 100% Borage
Objsl 20 + by gl Ve 0.2702 0.0403%h

100% Roselle + 50% Borage
BT AR P VA 0.0250%¢ 0.0386f
100% Roselle + 100% Borage

=bs)l 0bjsl LAl cuss
Pure Borage

oLl AV0 + b sle YOI 0.02602 0.0600b-¢
75% Roselle + 25% Borage
ObigB VD + sy el A

0.0240%9 0.0713?

0.0256%¢ 0.0463¢%8

25% Roselle + 75% Borage
A eS o Olisl L0 + 5 sly 047 hi
0.0210bcdef 0.0303"

6g.l! 50% Roselle + 50% Borage g

Oyl Ve e+ o5 sl 047 0.0213b-9 b
. 0.0700¢

50% Roselle + 100% Borage
ool Z0e + by sl Vool 0.022329 0.0301M

100% Roselle + 50% Borage '

OB AN+ o gl Ve 0.02832 0.0523¢-¢

100% Roselle + 100% Borage

23l o I gixe oglis glyls aoyd gy Jlein gaw ;3 LSR yg0j] olusl s S jiiie g (gl (glaypuSilio 32
* Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSR
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Cuminum ) 5w o, o (Crocus sativus L.) -/, 4c; bs Lo
dos bl b 3 e (sl Cans g CutS WAy y (Cyminum L.
Olie) 03 B il i bylre i o (p pigg (S
Slp Camd lade cp VL Jlod nl 9 992 jew 0pj 03 B0 g
5l Jols s (Koocheki et al., 2016) sy L 1y s
dS Ao 3 VO )y CudS Hlad oS 0 LS (6,500 Baind
Al 0395 3y Slas g gli) (b Al 103 V0 4
oibl 3,8des il 12> 0 a8 (05 (Sl S (i
Bigonah ) sy olamsl sgs a1y 3085 olS edgicu; 3 Slas o
edsass sl 5 iy el S sy oo skas 4 (et al., 2014
Slacia) g bawg SB Jdgp il (sl jisu I oslitul
0515 g (ol slaady) (ST (Oglitte (a3ady) (Bee wslita
CBIGSs i it dls g o gl ey LS iy,
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03> pSSbie dulia (¥ Joda) 39 ) xe dopd S (65le] b
Sl 51V Sl b 5Muwsge duoyd oy i oS 3 LS Lo
DAL S Lty o ol Slilye 20 8 i 5l oo
eleVAs 565l L Mge doo)> (S 5 (2lig)l (bjo
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B Jpiz) el sy (o)) Qg5 2

30 (5 33l 3 Capess
== 3l el cudls Calise slapiuw a8 Db LS gl
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bpbie CtS ) dY) e i o (s S oty
dol cowdy oligyl (Lol do s 00 + 55 (sly uoyd Ve
3 VL bgls i (lagians 13 (o5 S0l S (5 Jgi2)
L auolie o bolowe slacc s coje sl lis &5 gy dols
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Table 5- Variance analysis of the ratio of land equality in mixed cultivation of Roselle and European borage

Ol S il @33l 4y O3 Sl S
S.0.V. d.f LER
] 3
2 2 0.1149"
Replication
orl Sl 2 0.0009"
Iron sulfate
bglses cuiS o2
e S ol 5 0.7445™
Intercropping
Fe X1 10 0.0419"
s
34 0.0481
Error
- - 13.44
C.V (%)

il go o pd S5 g iy gdaw Hd (6P sime (o) xe pie Silo sy s g % NS
ns, *, and **: not significant and significant at 5 and 1% probability levels, respectively
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Table 6- Comparison of Land Equivalent Ratio
byleo ColS ampmn 00} Sl S

Intercropping LER

L'Jlfjﬁlf 7¥0 + 53 dl> voy. 1.71b
75% Roselle + 25% Borage

Oljss AVO + 3 sle ZVD 1.30¢
25% Roselle + 75% Borage

OlyslS e + i sl 047 1.43°
50% Roselle + 50% Borage

Lo AN e + 35 sl BT 1.40¢
50% Roselle + 100% Borage

ObielS Z0e + by gle Ver T 2

100% Roselle + 50% Borage

OligB AN e+ o sl Ve 1.90%

100% Roselle + 100% Borage
25l god I3 xe 9l (gl doyd gy Jlein! prdaw 13 LSR 9051 (bl p S yidia gy (il (olouSibio
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSR
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