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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Introduction

Characteristics such as the high levels of agrobiodiversity, the efficiency of the nutrition, and also variety in
ecological and socio-economic functions have altered home gardens into the appropriate model for achieving a
sustainable agricultural system. So far, fewer studies in relation to these features have been done in home
gardens of dry and semi-arid regions. Protection of diversity with a particular emphasis on agricultural
biodiversity is fundamental to sustainable development in food production and hence food security. Expansion of
industrial agriculture in the form of monoculture for the purpose of maximizing the yield with the aid of high-
yielding varieties and intensive use of inputs has hampered the ecological functions of food production systems
worldwide. This problem can be overcome by the application of a wide array of ecological agriculture practices,
of which food production in home gardens is only one of them. This environmentally sound practice is an old
system of land use almost in all parts of the world with a wide range of dimensions. A combination of different
plants, from herbs to trees and in cases with poultry and other low-weight animals, provides a complex
sustainable system of food production. This type of subsistence food production is based on local knowledge and
normally is part of the residential area or, to the, low input. Food produced in this system is consumed locally,
and women are the main element in both production and marketing. Exchanges of experience and knowledge,
seed, and also tools, and labors are very common in neighboring communities. The purpose of the present study
was to investigate the agrobiodiversity of home gardens in an arid environment of Khorasan Razavi Province.

Materials and Methods

Data collection for this study was based on the fieldwork with the distribution of questioners. For this
purpose, 17 villages from 3 highly populated counties of Mashhad/ Quchan and Nyshabour were selected, and
164 questioners were distributed with a face-to-face procedure. After the collection and validation of data, only
136 questionnaires were selected, data were extracted, and finally, an analysis was carried out. Afterward, the
Shannon biodiversity index, Simpson index, and species richness were calculated. The amount of carbon
sequestered was also calculated by an equation referred to in the literature. For the calculation of biodiversity
indices, the area under cultivation of each species was used. Based on the available previous studies, seven basic
functions for home gardens were assigned.

Results and Discussion

Results showed the highest Shannon index of species diversity equal to 1.88 for the county of Neishabour;
however, the highest functional diversity was found in Quchan. More the 79 percent of changes in the Shannon
index are caused by changes in species richness. Stepwise regression analysis revealed that changes in species
richness, home area, and household population were the factors that caused 84 percent of changes in functional
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diversity. Home gardens in these three counties sequester 8.1 tons of carbon dioxide per hectare, and this amount
showed a decreasing trend where the distance from the vehicle roads was increased.
Conclusion
It was revealed that with taking distance from the main roads, the amount of carbon dioxide (kg per m?)
decreased by tree species.
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Fig .1- Box plot of Shannon index in homegardens of Quchan, Mashhad and Neyshaboor
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Table 6- Model of Shannon index changes using stepwise regression

Model 5,Ibin! pué gl o 3,lwilil Culpd | (5,18 sro g
Unstandardized coefficients | Standardized coefficients | Significant level
B S bl glas Beta Sig.
Std. Error
ol oy 1.848 0.000
Constant
(55 sl w2 1) )X-ZSCOrE 0.612 0.920 0.000
(logarithm of Specific richness)
(@l colue ou,K)Xo-ZSCOrE -0.067 -0.102 0.013
(Logarithm of home area)
X3' —— - —— ——
(2les J2e)Final Model Y=1.848+0.612X1-0.67X2 R2=0.802
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Table 7- Model of Functional Shannon index changes using stepwise regression

3,15 buel pu gl i

o 3 ilins! gl po &1 xe

Model Unstandardized coefficients Standardized coefficients  Significant level
3, a5t ks
B ’ d Beta (Sig.)
(Std. Error)
(Constant) cub g o 1.613 0.000
(55 bé )R OX1-Zs00re 554 0.932 0.000
(Logarithm of functional richness)
(sl slud o WOXo-ZsC0re ) 455 0.032 -0.405 0.000
(Logarithm of species richness)
(0,9l glaseS s£4:5)X3-ZSCOrE
o s &J N 0.110 0.030 0.292 0.000
(Shannon species diversity)
(65 colus)Xa-Zscore
-0.036 0.015 -0.096 0.016
(House area)
(> curez)Xs-ZsCOre
0.027 0.013 0.071 0.049

(Household population)

(oles Jao)Final Model

Y =1.613+ 0.353X1- 0.153X2+0.110 X3-0.036 X4+ 0.027 Xs

R?=0.844
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Fig.6- Box plot of Carbon sequestration amount in Homegardens of Quchan, Mashhad and Neyshaboor
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Fig.7- Scatter plot of carbon sequestration changes vs. road distance and relative area of home gardens

Fslges plpeas s98) Glolid plial glaaxel auglie )

Ol L glag Siddas § Suts 3blie o @y (slaaxsl,
bl 5 @ly coasil b Jlo 3 5o (oo YO ) a8 (Sl
; Lerch, 2000; Guillaument et al., 1990) o,l> ;Lo

Lamont et al., 1999; Ore Balbin & Samaniego, 1996;
A sl sbs il Laaxel () &S 4 ssalie (Smith, 1995

391 J3y95 1 (558 iy

Ol 0590 St g )Sy Jdo et osalie sl pogde

L o 2ly 53 ()8 i ppolio Olysis pr Cilisio Jolge 15T
e Jdsas g a5 03> (bl o 4 5 (yg0m Sy g, 51 ooliial
2l aBlie jsoan 555k S Jde o cups b
B 5IR? lade jeltis (s o 5 s 9 2 00> (53l (lies o
e 5 e G OlsSee A Jgda 53 00 YL o
sstldis Gl oed 3 1) e Al 53 iy S 5 Jde o
J (o (S s Solune Jo pl (bl 2 3905 0aalda
i )L palie il s a0 00 3l Liu 45 Cowlaa el

235 (o0 g |y g 22ly 53 (S a5

723l Ok 2 Pige Ol laled S P &1 Pl (a5 ) banwg 0l 0313 (5515 Jdo 9 (510 e ualpd (0 3 —A Jgi

292l e 3 (@50 550 3 0,5 5hS) ()5 (oot )
Table 8- Model of carbon sequestration changes using stepwise regression in Home gardens of Neyshaboor

3,6kl e ol o s 3 ylaibiw! Cul g S sxo mhaw
Model Unstandardized Coefficients Standardized Coefficients  Significant level

B .:)L\al.?wai sks Beta (Sig.)

Std. Error
(Constant) cub g po -0.413 0.063
(45l oamd Colune o, 8\ X1-ZSCOTE -0.402 0.056 -0.717 0.000
Xo-
(The logarithm of the relative area of the garden)
(2l J)Final Model Log(Y)=-0.413 — 0.402X1 R2=0.514
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Introduction

Current estimates indicate that 25% of the world's agricultural lands are affected by water stress. Iran, with an
annual 240 mm of rainfall, is classified as a dry region of the world. Wheat is one of the main cereal crops,
cultivated to the demands of the population for human feeding. Winter wheat, the most important food grain
produced in Iran, is grown on some 6 million ha. Production of wheat typically requires intensive use of
chemical fertilizers. In addition to nitrogen (N) and potassium (K), phosphorous (P) is also one of the essential
macronutrients required for the growth and development of wheat. P is usually applied to the soil in the form of
phosphate fertilizers. However, a large portion of soluble inorganic phosphate applied to the soil as chemical
fertilizer is immobilized rapidly and becomes unavailable to plants. Soil microorganisms can contribute to the
enhanced availability of soil P through mineralization of organic P or solubilization of inorganic P resulting in
the reduction of P fertilization. Beneficial free-living rhizobacteria, which have been shown to improve plant
health or increase yield, are usually referred to as plant growth-promoting rhizobacteria (PGPR). Mycorrhiza,
which is a symbiotic fungus, has been under research for more than a century. Inoculation of plant roots with
arbuscular mycorrhizal (AM) fungi may be effective in improving crop production under drought conditions.
Improved productivity of AM plants was attributed to enhanced uptake of immobile nutrients such as
phosphorus, zinc, and copper. In addition, other factors associated with AM fungal colonization may influence
plant resistance to drought. These include changes in leaf elasticity, improved leaf water, and turgor potentials,
maintenance of stomatal opening and transpiration, increased root length and depth, and development of external
hyphae. Therefore the main goal of this study was to find the effect of phosphate solubilizing bacteria and
Mycorrhizal fungi on yield, yield components, and its association in two dryland wheat cultivars.

Materials and Methods

In order to find the effects of the phosphorous deficiency and phosphate solubilizing bacteria (PSB) and
Mycorrhiza fungi on grain yield and associated traits, an experiment was carried out in factorial arrangement
using a randomized complete block design with three replications at the Agricultural Research Station of llam
University (46*28' N, 33* 37 E; elevation 1174 m) during 2013-2014 cropping season. Experiment factors
consisted of two dryland wheat cultivars (bread (Keras Sabalan) and durum wheat (Saji)) and phosphorous
deficiency, phosphate solubilizing bacteria, and Mycorrhiza fungi treatment including (without application of
phosphorous, 100% consumption of phosphorous fertilizer, phosphate solubilizing bacteria, Mycorrhiza fungi,

1, 2 and 3- Ph.D student in Agronomy, Assistant Professor, Associate Professor of Department of Agronomy and Plant Breeding,
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phosphate solubilizing bacteria + Mycorrhiza fungi, 50% of phosphorous fertilizer + phosphate solubilizing
bacteria + Mycorrhiza fungi, 50% of phosphorous fertilizer + phosphate solubilizing bacteria, 50% of
phosphorious fertilizer + Mycorrhiza fungi). At full maturity, agronomic traits such as spik.m2, spikelet.spike™,
grain.spike, 1000-grain weight, grain yield, biological yield, harvest index, spike length, spike weight, and
plant height were recorded using a sample of ten random guarded plants from the middle ridges of each plot. The
data were analyzed statistically by the SAS program, and the data means were compared by Duncan's multiple
range test (DMRT).

Results and Discussion

Results indicated that the interaction effect between cultivarxbio-fertilizer had a significant effect on the
spike.m, spikelet.spike™, grains.spike, 1000-grain weight, grain yield, biological yield, harvest index, spike
length, spike weight, and plant height. The use of bio-fertilizer had a positive and significant effect on total
studied traits in two dryland wheat under dryland conditions so that Saji cultivar and Using of bio-fertilizer had
the highest grain yield with 62% to check treatment (without using of phosphorous chemical fertilizer and f bio-
fertilizer) and also Increasing of 36% observed to 100% of using of phosphorous chemical fertilizer. There was a
significant difference between cultivars to the response of Using phosphate solubilizing bacteria and mycorrhizal
fungi so Sji cultivars had the best response to mycorrhizal fungi. Therefore with, regard to the cultivation of
wheat is facing terminal stresses (drought and heat), indicating that the Saji cultivar and Using of mycorrhizal
fungi can be the best result under dryland conditions.

Conclusion

This study indicated that phosphate solubilizing bacteria (HSB) and Mycorrhizal fungi had a positive effect
on grain yield and associated traits and grain yield was higher in the presence of inoculation with Mycorrhizal
fungi and HSB. In general, using bio-fertilizers and managing integrated nourishment quantitatively and
qualitatively is one the efficient ways to improve plant production, and the environment would have a better
condition if chemical fertilizers consumption reduce. Recent studies indicated that using bio-fertilizers also
improves soil physiological structure and also increases organic matter content and P available to the coexistent
plant. Of course, before it is recommended for massive production and wide application, it is necessary to
implement and replicate this experiment in different regions.

Keywords: Bio-fertilizer, Dryland conditions, Grain yield, Phosphorous chemical fertilizer
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Table 2. Soil physical and chemical properties of experimental area
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kg (mg kg™) (%) carbon (%)  EC (ds.m) pH

ISOI;% 7.2 310 0.12 1.28 0.97 7.2
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Introduction

Water shortage in spring for the cultivation of summer crops is a challenge for farmers in most parts of the
country due to the fact that cultivation of these crops coincides with the one or two last irrigations needed for
cereals during the critical stage of grain filling. Corn, sugar beet, and other summer crops are cultivated during
such periods, and hence water allocation is normally problematic during this period. Relay cropping has been
considered as a method to overcome such problems. Furthermore, overseeding of one crop to the stand of
another crop in the last stage of development of the second crop (relay intercropping) has been considered as
energy-saving and efficient resource use method. The aim of the present work was to investigate the possibility
of relay intercropping of corn and canola in order to save water and hence overcome water shortage effects in
early spring for summer crops.

Materials and Methods

In order to evaluate the possibility of relay intercropping of corn and canola, an experiment was conducted 10
kilometers west of Shirvan in two growing seasons of 2012-13 and 2013-14. The experiment was conducted as a
randomized complete block design with six treatments and three replications. Treatments included four relay
sowing rates of canola and corn (3 rows of canola: 1-row corn, three rows canola: 2-row corn, four rows canola:
2-row corn, six rows canola: 2-row corn), pure stands of canola and corn. Corn seeds were planted between
canola rows at the end of the canola growth period to use the latest irrigation of canola for corn germination and
emergence. A drip irrigation system was installed, and the amount of water used was measured. All field
management operations, including irrigation, fertilizer application, and others, were practiced as the
conventional farmers normally conduct. After crop ripening, necessary samples were taken, and finally, LER
was calculated for comparison of the treatments.

Results and discussion

Analysis Variance of the data showed that the highest 1000-seed weight of canola (3.63 gr) and corn (221.69
gr) were obtained in 4:2 and 3:1 treatments, respectively. This was 3.35 gr for the pure stand of canola and 218.5
gr for the pure stand of corn. Economic and biological yields for both crops of canola and corn were highest in
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pure stands (2502.5, 9763.5 kg/ha for canola and 6207.6, 15769.2 kg/ha for corn, respectively). The highest seed
yield of corn was obtained in 2-row corn and 3-row wheat, but in research, by Adeniyan et al. (2007), the highest
seed yield was obtained in pure stand. Harvest index of canola was 26.03 in 3:2 ratio indicating no significant
difference with other treatments. The maximum harvest index of corn (40.53%) was observed in the 3:1 ratio. In
an experiment by Nassiri Mahallati et al. (2011), the harvest index of corn and wheat was highest in pure stands,
but the highest harvest index of canola was found in 4-row canola with wheat cultivation. The highest total LER
(1.11) was obtained in 3:1, followed by the 6:2 ratio (1.016). The total water used for the pure stand of canola
was 3750 m¥/ha, whereas it was 9081 m3ha for corn. If corn was planted after canola, total water use had been
12831 m3/ha, whereas when they were relay intercropped, water consumption was 10915 m%ha, saving 1916
mé/ha of water. Zarehaghi et al. (2016) also reported that water consumption in intercropped treatments of corn
and bean was less than in pure cultures of these crops.

Conclusion

The highest seed yield of both plants was obtained in pure stand. Between different intercropping ratios of
canola and maize, the maximum land equivalent ratio that was more than one (1.11 and 1.016) was observed in
3:1 and 6:2 treatments, respectively. The amount of water saved by relay intercropping of these crops was 1916
m3/ha, which is a considerable amount of water.

Keywords: Biological yield, Harvest index, LER, Yield, Yield components.
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Table 1- Some of soil physical and chemical characteristics
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Table 6- Analysis of variance (mean of squares) of Land Equivalent Ratio (LER) at different patterns of relay intercropping
of canola and corn in 2013-14 and 2014-15
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Tzble 7- Mean companson of LER at different pattems of relay mtercropping of canola and com m 2013-14 and 2014-15
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(PNG 25 Sl Cond
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Canola Corn Total
Jls
Year
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Intercropping ratios
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A 0.67 022 0.90
(4 rows of canola: com 2)
Sk, Y i, F
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dalgs LS e 5 pSaitn jlaw (il O > 2400 5
3 Pl Lpgl b )3 bogoes €3S 59, o8 (ool 3 3y
5 oS bgde oS (Brume O e a5 sl o0l astiie
s >g ool L (Zarehaghi et al., 2016) cul odg (2l cuis
2556 g e b (delS et (5935 bglowe cuiS 3 (oolate zuls

S ppbany ol oads (3))i5 Ol Bpms i osas
Lo lelS dass (5935 bglo i )3 (hpae O pliee oyt
ol 035 3556 Ly (cd 28 4 esd (5945 bglowe culS g s

(Khoramivafa et al., 2011)

5 Ao
& o (550 bgleo cuiS cla i)l )5 by ol 5o
W28 CiS wa b ogls 3 palld ©jgod olS 93 pa &5 Slej

720 VO ety Ol Bz )3 gs2ddpio s g 2L talS
Y gao (653 bolbio oS I ookl ¢ plply i S

S ran ol ol
2 xS 1o YVO- el S 5 158l o ialejl cpl g
VAN ol Byan Ol (lie JS )3 (el g 45 Bpan O S
3548 39 0 51 sl g Al a5 K 53 S
23y S IS Culyyy Sl ey )3 9 S 8 e b ol
D D9 o Byune Ul HliSa > caSe yio VYAYY jlade ggeme
Py aS ol Jdoas olS g3 opl bglse cusS calisee (sl il
il B 5 13,5 catS IS glainsy cym 3 ol Sl gl sl
sl 3 8l bl cog 90 3l oo alay 5 Yo )l 5o 1S
S olime S eonlplis S oalisl )3 (4 o 5 S0l
Vo200 3 il B IS uslS lo ] gyasma 5 kb Gy
Sl bglste (S 13 weasy ol 4 g S )3 cxSo yio
s oo O S 3 caSe yo VAVE Jlade w)d ¢ IS
2 4S8 0l SV gaxe (bl sl e > 5yslis” &8 4l
ol Y gamo (g lul 5 35,05 )15 Wl (b 5 05 090 (sla]
o dites dnlge o)l OF Codgaze by il )3 S o5l oS



VE) 5l Yoyl AF wde (65,9Lis (wlbich pgs 4y yi5 O

L IS (68 b bgloe cutS’ cilisee (slacums o 3 503 (5w
S YL e (gl Cans gl Y "j Slom o Vi) S wd
aS (1059 (M) 9 VY s pany) LER Hlade oy i 5 359
4 Caas S il 3 cpl b bglste cusS g5y osimd L
Aoy jl S LER L ccils slacu s pluw 5 yalls cuis

sl e

d)‘}i*":w’

osalS o 13I8 (gillale Jdods 1387 slacaysy oo po yd
slajlos o @y adgl wiy 5 Jiailen plplo 0 Cuglsy AW
Obes 503 G J 035 (0 g it (Al & G bolie
QYTM[A 5 b Jwled 0,33 35 e LS)'L»D.)LJ &l 5l 090
B SB (58 pie g Cogw 033 45 390 (e )y 658
3y Slas 9 asly 3y Sles Oy Wgwd 0 Igmte C)i sblse 5l
5 (LS 10 p,55 LS AVEY/D 5 YO-V/0 o yan) I3 IS s

9 Y VIF) Cyd sy oy Shos g a Sy oy Slae iy
O i b odalie Lalb cuiS s ((Sa jo p,55LSVOVEAY
Oy o ViV bS] cas o (YF/+F) 13IS iy ol

B e Y/YAYYs D)u 4\!&9)4 )l.».&‘ J.’x.a )l C)Jo L)J‘ d>dg

235 o (6 3Seolies g (2 45 Gl 045 (5l g
5 el Gy (Aoyd F/OY) Y2) Cans > @) by adli

Refferences

Adeniyan, O.N., Akande, S.R., Balogun, M.O., and Saka, J.O., 2007. Evaluation of crop yield of African yam bean,
maize and kenaf under intercropping systems. American-Eurasian Journal of Agricultural and Environmental
Science 2(1): 99-102.

Amirmardfar, R., Dabbagh Mohammadi Nassab, A., Raei, Y., Khaghaninia, S., Amini, R., and Tabataba Vakili, S.H.,
2015. Evaluation of yield and yield components of oilseed rape in the wheat-oilseed rape strip intercropping
influenced by chemical and biological fertilizers. Journal of Crop Ecophysiology 8(4): 437-450. (In Persian with
English Summary)

Azizi, Kh, Darayei Mofrad, A., Heidari, S., Ahmadi Fard, M., 2014. Studying utilization time of lands under relay
intercropping of broadleaf vetch and triticale. Research in Crop Ecosystems 1(4): 105-115. (In Persian with English
Summary)

Echarte, L., Della Maggiora, A., Cerrudo, D., Gonzalez, V.H., Abbate, P., Cerrudo, A., Sadras, V.O., and Calvino, P.,
2011. Yield response to plant density of maize and sunflower intercropped with soybean. Field Crops Research 121.:
423-429.

Hamzei, J., and Seyedi, M., 2012. Determine of the best combination of wheat and canola intercropping based on
agronomy indices, total yield and LER index. Journal of Crop Production and Processing 2(5): 109-119. (In Persian
with English Summary)

Hossein Panahi, F., Koocheki, A., Nassiri Mahallati, M., and Ghorbani, R., 2009. Evaluation of yield and yield
component in intercropping of maize and potato. Iranian Journal of Field Crops Research 7(1): 23-30. (In Persian
with English Summary)

Jamshidi, Kh, Mazaheri, D., Majnoon Hosseini, N., Rahimian, H., and Peighambari, S., 2008. Evaluation of yield in
intercropping of maize and cowpea. Agronomy Journal 80: 110-118. (In Persian with English Summary)

Khoramivafa, M., Dabagh Mohammadi Nasab, A., Zahtab Salmasi, S., Javanshir, A., and Mohammadi, S., 2007.
Evaluation of some of agronomical characteristics of maize in intercropping with pumpkin. Journal of Agricultural
science 17(4): 75-85. (In Persian with English Summary)

Khoramivafa, M., Eftekharinasab, N., Sayyadian, K., and Najaphy, A., 2011. Water use efficiency in medicinal
pumpkin (Cucurbita pepo L. var. styriac)/ chickpea (Cicer arietinum L.)-lentil (Lens esculenta Moench.)
intercropping system associated with several nitrogen levels. Agroecology 3(2): 245-253. (In Persian with English
Summary)

Koocheki, A., Boroumand Rezazadeh, Z., Nassiri Mahallati, M. and Khorramdel, S., 2012. Evaluation of nitrogen
absorption and use efficiency in relay intercropping of winter wheat and maize. Iranian Journal of Field Crops
Research 10(2): 327-334. (In Persian with English Summary)



O Leoliiwl b (Zea mays)es yd cusls 1o o4l g kel codgume &3,

Koocheki, A., Fallah Pour, F., Khorramdel, S., Jafari, L., 2014a. Evaluation of wheat and canola intercropping on yield
and yield components and weeds diversity and density. Journal of Agroecology 6(1): 11-20. (In Persian with English
Summary)

Koocheki, A., Lalehgani, B., and Najibnia, S., 2010. Evaluation of productivity in bean and corn intercropping. Iranian
Journal of Field Crops Research 7(2): 605-614. (In Persian with English Summary)

Koocheki, A., Nassiri Mahallati, M., and Porsa, H., 2014b. Water capture efficiency, use efficiency and productivity in
intercropping of rapeseed, bean and corn. European Journal of Sustainable Development 3(4): 347-358.

Li, L., Sun, J., Zhang, F., Li, X., Rengel, Z., and Yang, S., 2001. Wheat/maize or wheat/soybean strip intercropping. II.
Recovery or compensation of maize and soybean after wheat harvesting. Field Crops Research 71: 173-181.

Mead, R., and Willey, R.W., 1980. The concept of a ‘land equivalent ratio’ and advantages in yields from intercropping.
Experimental Agriculture 16: 217-228.

Nakhjavanimoghadam, M.M., Dehghanisanji, H., Akbari, M., and Sadreghaen, S.H., 2011. The effects of deficit
irrigation on water use efficiency of new early maize variety (CN. KSC.302) using sprinkler system. Journal of
Water and Soil 24(6): 1236-1245. (In Persian with English Summary)

Niknezhad, Y., Nassiri, M., and Pirdashti, H., 2009. Effect of planting date and seed amount in relay intercropping of
canola before rice harvest under Amol conditions. Journal of Dynamic Agriculture 6(3): 291-302. (In Persian with
English Summary)

Namdari, M., and Mahmoudi, S., 2013. Evaluation of yield and productivity indices in planting ratios of intercropping
of chickpea (Cicer arientinum L.) and canola (Brassica napus L.). Iranian Journal of Crop Sciences 14 (4): 346-357.
(In Persian with English Summary)

Nassiri Mahallati, M., Koocheki, A., and Jahan, M., 2011. Light absorption and use efficiency in relay intercropping
and continuous culture of winter wheat and maize, Iranian Journal of Field Crops Research 8(6): 878-890. (In
Persian with English Summary)

Panhwar, M.A., Memon, F.H., Kalhoro, M.A., and Soomro, M.I., 2004. Performance of maize in intercropping system
with soybean under different planting patterns and nitrogen levels. Journal of Applied Sciences 4(2): 201-204.

Van der Meer, J., 1989. The Ecology of Intercropping. Cambridge University Press, New York. pp. 273.

Zaefarian, F., Aghaalikhani, M., Rahimian Mashhadi, H., Zand, E., and Rezvani, M. 2009. Yield and growth indices of
corn/soybean intercrop under simultaneous competition of redroot pigweed and jimsonweed. Iranian Society of
Weed Science 5(1): 107-125. (In Persian with English Summary)

Zarehaghi, D., Neyshabouri, M.R., Majnooni-Heris, A., and Jalilian, Z., 2016. Determining crop coefficient of corn and
bean in intercropping in order to increase the precision of irrigation planning. Water and Soil Science 26(1.2): 69-
78. (In Persian with English Summary)

Zhang, L., Spiertz, J. H.J., Zhang, S., Li, B., and Van Der Werf, W., 2008a. Nitrogen economy in relay intercropping
systems of wheat and cotton. Plant and Soil 303: 55-68.

Zhang, L., Van Der Werf, W., Bastiaans, L., Zhang, S., Li, B., and Spiertz, J.H.J., 2008b. Light interception and
utilization in relay intercrops of wheat and cotton. Field Crops Research 107: 29-42.

Zhang, L. Z., Van der Werf, W., Zhang, S. P., Li, B., & Spiertz, J. H. J., 2007. Growth, yield and quality of wheat and
cotton in relay strip intercropping systems. Field Crops Research 103: 178-188.

Zulfigar, A., Asghar Malik, M., and Cheema, M.A., 2000. Studies on determining a suitable canola-wheat intercropping
pattern. International Journal of Agriculture and Biology 2(1-2): 42-44.






Journal of Agroecology
Homepage: https://agry.um.ac.ir/ R

Research Article
BV Vol. 14, No. 1, Spring 2022, p. 53-68

Effects of Organic Fertilizers on Essential Oil Composition and Yield in
Sustainable Cultivation of Hyssop (Hyssopus officinalis L.)

M.T. Darzi %", B. Sadeghi Nekoo? and M. Haj Seyed Hadi 3

How to cite this article:
. Darzi, M.T., Sadeghi Nekoo, B., and Haj Seyed Hadi, M., 2022. Effects of
iewsetda.li-dflgj;(z)égl organic fertilizers on essential oil composition and yield in sustainable cultivation
ACC?FSI .O I N 15.06-2022 of hyssop (Hyssopus officinalis L.). Journal of Agroecology 14(1):53-68.

varlable Dnfine: 15-06- DOI:10.22067/agry.2021.20242.0

Received: 31-01-2020

Introduction

Organic fertilizers such as compost and vermicompost improve soil's physical and chemical properties that
enhance beneficial microbe's activity in soil and nutrient availability by plants. Nitrogen-fixing bacteria such as
Azotobacter and Azospirillum as biofertilizers also have the ability of nitrogen-fixing and release phytohormones
which could stimulate plant growth, absorption of nutrients, and the photosynthesis process. Production of
medicinal plants with using from biofertilizers leads to an increase of the quantity and quality of active
substances such as essential oil. Hyssop (Hyssopus officinalis L.) is a perennial herb that grows wild and is
cultivated in temperate regions of Asia, Europe, and America. The essential oil of hyssop is widely used as a
traditional drug in some the parts of Asia and Europe to treat respiratory diseases. Hyssop is also used in food,
pharmaceutical, flavor, and cosmetic industries throughout the world. The main constituents of hyssop essential
oil have been reported as pinocamphone, pinocarvone, and phellandrene.

Materials and Methods

In order to study the effects of compost, vermicompost, and nitrogen-fixing bacteria as sustainable nutrient
management on the essential oil composition of Hyssopus officinalis, an experiment was conducted based on a
randomized complete block design with eight treatments and three replications at the research field of
Agriculture Company of Ran in Firouzkooh of Iran during 2012. The treatments were 20 t.ha"* compost, 12 t.ha
vermicompost, biofertilizer (inoculated seeds with Azotobacter chroococcum and Azospirillum lipoferum), 10
t.hat compost + 6 t.ha™ vermicompost, 20 t.ha* compost + biofertilizer, 12 t.ha™* vermicompost + biofertilizer,
10 t.ha compost + 6 t.ha’ vermicompost + biofertilizer and control (without fertilizer). Studied traits were
contained herb yield and percent, yield, and composition of essential oil. The essential oil extraction was done by
the hydro-distillation method in Clevenger’s apparatus, and essential oil composition was determined by gas
chromatography (GC) and gas chromatography-mass spectrometry (GC/MS). Analysis of variance was
conducted by SAS software, and the means were compared by the least significant difference test (LSD) at the
5% probability level.

Results and Discussion
Results showed that the highest herb yield (2601.6 kg.ha?), essential oil percent (0.20%), and essential oil
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yield (5.21 kg.hal) were obtained in integrated application of 12 t.ha! vermicomposts and biofertilizer
(nitrogen-fixing bacteria)(2 lit/ha). The maximum cis Pinocamphone percent (63.56%) and beta Phellandrene
percentage (9.71%) and the minimum trans Pinocamphone percent (2.50%) in an essential oil by integrated using
of 10 t.ha* compost, six t.ha vermicomposts, and biofertilizer and the highest Valerianol percentage (5.36%)
and Phytol percentage (2.19%) in essential oil with the application of 20 t.ha™ compost were obtained.

Integrated application of vermicompost and biofertilizer through the high ability for absorption of mineral
nutrients like N, P, and K by plants and then increase of biomass amount has a positive effect on essential oil
content. Increased essential oil yield in treatment of the integrated application of vermicompost (12 t.ha) and
biofertilizer can be owing to the improvement of yield attributes such as; essential oil percentage and herb yield.
Some studies have reported that the application of bio and organic fertilizers can increase the content and yield
of essential oil in a few medicinal plants such as basil, chamomile, and coriander. Integrated application of bio
and organic fertilizers through the improvement of biological activities of soil and nutrient elements absorption
such as nitrogen and phosphorus, caused more growth and biomass production, which leads to improvement of
the essential oil quality. Several studies have shown a beneficial effect on the essential oil composition of
medicinal plants by the integrated application of bio and organic fertilizers.

Conclusion

Generally, the highest essential oil quantity with the integrated application of 12 t.ha vermicomposts and
biofertilizer and the highest essential oil quality with the integrated application of 10 t.ha' compost, six t.ha'
vermicomposts and biofertilizer were obtained.

Keywords: Biofertilizer, Cis pinocamphone, Compost, Vermicompost
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Table 1- Some physical and chemical characteristics of soil in experimental site, compost and vermicompost
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Introduction

Water scarcity is the main challenging issue in supplying sufficient food in arid and semiarid regions.
Agricultural production in Razavi Khorasan, like other arid and semiarid provinces, depends on underground
water. Groundwater exploitation alongside climate change has dramatic effects on the availability of surface water
for agricultural production in semiarid areas. Crop water use estimation is the first step to increasing Water Use
Efficiency (WUE). From the water resource point of view, assessing the gap between actual and attainable crops,
WUE is so important, especially for future mitigation strategies. The term water use efficiency refers to production
per unit of water used by evapotranspiration, with units such as kg grain/ha per mm water or kg/m?® water, so it
does not scale in the 0-1 range. This paper aims to evaluate WUE for main crops (wheat, barley, sugar beet, onion,
potato, tomato, cucumber, and watermelon) in the different areas of Razavi Khorasan province (Torbat-e
Heydarieh, Torbat-e Jam, Chenaran, Mashhad, Sabzevar, Quchan, Kashmar, Gonabad, and Neyshabour) for 26
years (1985-2010).

Material and Methods

WUE shows crop production per unit of water use. It was calculated as production per unit of crop water used
(CWU) by evapotranspiration. CWU was acquired by estimating two components: reference evapotranspiration
(ET,) and crop coefficient. ET, was calculated via the Blaney-Criddle equation. Although this method has a coarse
accuracy in comparison to other methods, this is ideal when only air-temperature datasets are available. We
examined the relationship between yield and CWU, as well as WUE and CWU for wheat, tomato, alfalfa, and
sugar beet. A polynomial line was fitted to describe the best relation between two variables. The maximum yield
at each point of CWU was determined as the highest attainable yield. Mann-Kendall test was applied to detect the
trend of data over time.

Results and Discussion

The long-term average of WUE showed a similar trend for wheat and barley. The highest wheat WUE was
about 0.59 and 0.53 yield per m® in Torbat-e Jam and Chenaran. Chenaran and Torbat-e Heydarieh had the highest
WUE of sugar beet (3.12 and 3.08 kg fresh root per m®). The highest amount of potato WUE (4.05), tomato WUE
(4.7), and onion WUE (4.9) were found in Torbat-e Jam, Chenaran, and Chenaran, respectively. Kashmar,
Gonabad, and Sabzevar had the lowest WUE for most of the crops. It seems that high temperature during crop
growth caused a decrease in WUE in the mentioned locations. WUE of all crops had an intense fluctuation between
1986 and 1996, while it modified in the later years to the extent that a mild increasing slope was found in WUE.
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A polynomial line was fitted to show yield and WUE changes, then the upper boundary line and the lower
boundary line were fitted to represent attainable yield and WUE and minimum yield and WUE. The highest yields
were obtained around 540, 880, 940, and 850 mm water use for wheat, alfalfa, sugar beet, and tomato, respectively
and the law of diminishing returns was observed between yield and CWU. An increase in temperature caused yield
and WUE to decrease. The upper boundary line was more resistant to environmental changes, whereas the lower
boundary line was sensitive.

The effect of 1 and 2 °C temperature rise on yield and WUE was negligible, while with a three °C increase,
yield and WUE of lower boundary line decreased by 20%. Although a three °C increase in temperature had a
negligible impact on WUE in the higher boundary line, WUE in the lower boundary line decreased dramatically.
Alfalfa was known as the most sensitive, and sugar beet was the most tolerant crop to temperature in terms of
WUE.

Conclusion

WUE was negatively associated with mean annual temperature rise. The results indicated that global warming
damages vield stability. Yield and CWU showed a positive correlation up to the maximum yield; then, excessive
CWU increases led to yield decline. When temperature increases and environmental conditions become worse,
appropriate agronomic management such as changing sowing date, balancing crop nutrition, and proper irrigation
schemes can play an effective role in enhancing yield. We concluded that when temperature increase, the WUE
gap will widen, and agronomic management will play a more important role in this condition.

Key Words: Blaney-Criddle equation, Crop yield, Mann-Kendall test, Water requirement
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Table 1 - Selected weather stations in Razavi Khorasan province

o3 ke Wl S5,b
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LW Pt oo Job 2 g jl €] Wl To:;arir;il ‘
Station name sl sl Above sea level Mean annual precipitation
Latitude Longitude (m) temperature (mm)
Q)
Ayl Cuyl
Torbat-e '16° 35 '3° 59 1451 143 267.7
Heyedariyee
b coys
P ey '15° 35 '35° 60 951 15.7 172.8
Torbat-e Jam
L
ohbe '29° 36 '17° 59 1176 135 208
Chenaran
lyjee "12° 36 '39° 57 972 175 186.6
Sabzevar
Olys ' o o
4" 37 30" 58 1287 12.7 308.4
Quchan
i 12° 35 128° 59 1110 1738 197.2
Kashmar
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et '16° 36 '38° 59 999 143 2515
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3- Crop Coefficient
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1- Crop Water Use
2- Reference Evapotranspiration
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Table 2 - Single crop coefficients (Kc) of different stages of crop growth (FAO)
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Crop 9l y adgl dls po 2y (o als g Sy (s2lol als o Maximum crop height (m)
The initial stage The mid-season stage  The end of the late season stage
P 0.15-0.5 115 0.25-0.4 1
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= 0.3 1.15 0.25 1
Barley
e ; 1 1 0.3
Onion
RN 0.35 12 0.705 05
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) e - 115 0.754 0.6
Potato
GRS ; 115 0.70-0.90 0.6
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s 0.6 1.002 0.75 0.3
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&lgain
Water 0.4 1 0.75 0.4
melon
N 0.4 0.95 0.90 0.7
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Sl Alw YY 090 S5 (sl (Citrullus lanatus) aslsais ((sativus
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2- Water Use Efficiency
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Table 3-Area cropland and yield of agricultural products in Khorasan Razavi province in 2009-2010

i ot el . 3,5dos gk
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P <! w20 55 < w20 55 <! w20
Irrigated Rainfed  Total Irrigated Rainfed  Total Irrigated  Rainfed
. i~ 260408 2458882 506289 838089 99617 937706 3218.4 405.1
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Cereals Ba’:ley 132335 24512 182846 450301 25012 476213 34027 512.99
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Table 4- Long-term average of crop water use in Razavi Khorasan province for the period of 26 years (1984-2010)
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Station Cereals plants Forage crops Vegetables Cucurbits
name P » B e ey (0 b SNyhaasS s dlgan
Wheat Barley Sugar Beet Alfalfa Potato Onion Tomato Cucumber Water melon
G )de> Coy
Torbat-e 048 052 3.08 1.04 336 346 325 5.66 2.32
Heydarieh
plr oy
Torbate 059  0.56 2.95 0.92 405 353 449 5.20 2.23
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ot 0.56 0.49 3.29 1.10 4.10 4.90 4.95 5.64 2.27
Chenaran
oo 0.39 0.4 2.31 0.75 242 1.99 3.19 5.99 2.36
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o9l 0.46 0.45 2.86 1.10 3.90 4.64 451 6.69 2.44
Sabzevar
;\})If:r: 0.46 0.44 2.72 0.94 3.14 3.20 3.62 5.58 2.23
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Fig. 1 - Long-term average of crop water use efficiency in Razavi Khorasan province (1984-2010)
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Fig. 1- Long-term average of crop water use efficiency in Razavi Khorasan province (1984-2010)
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The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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Fig. 7- Trend analysis of tomato water use efficiency (WUE) by Mann-Kendall test from 1985 to 2010

Bl gy b3 g Gl Ol Bpme S bawgio 01imd U (i 5ty (S 57 g 508 ot bglas
The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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The dashed lines represent the upper and lower boundary lines and the solid red lines represent the fitted model.
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Introduction

Millet (Panicum miliaceum L.) is a ,warm-season grass with a growing season of 60-100 days. It is a highly
nutritious cereal grain used for human consumption, birdseed, and/or ethanol production. Millet ranks sixth
among the world’s most important cereal grains, sustaining more than one-third of the world’s population.
Millets are generally among the most suitable crops for sustainable agriculture and food security on marginal
lands with low fertility. Millet crops are grown on marginal lands and under low-input agricultural conditions,
situations in which major cereal crops often produce low yields. Foliar application of Zn brings the greatest
benefit in comparison with addition to soil where they become less available. Generally, Micronutrients are
essential for plant growth and play an important role in balanced crop nutrition. Micronutrients are as important
to plant nutrition as primary and secondary nutrients, though plants do not require as much of them.

Materials and methods

To study the effect of cow manure (CM: 0, 10, 20, and 30 ton ha') and zinc sulfate (ZS: 0, 60, and 90 kg ha-
1) application on common millet (Panicum miliaceaum L.) growth and yield, a factorial experiment based on a
randomized complete block design (RCBD) with three replications was conducted in the research field of
University of Birjand, Iran, in 2018 growing season. In addition, a chemical fertilizer (NPK) treatment was
considered in each block, and its effect was compared with 12 other combination treatments based on a
randomized complete block design. The studied traits were plant height, number of tillers per plant, 1000-grain
weight, grain yield, biological yield, harvest index, and seed zinc content. The software SAS (V9.1) and Excel
were used to analyze the data and draw the figures. Means were compared using the FLSD test at a 5%
probability level.

Result and discussion:

Analysis of variance results showed that the simple effects of both experimental factors were significant on
all studied traits, but none of the interaction effects were significant. Application of 60 kg ha* of ZS improved
all growth and yield parameters of millet, while the highest zinc content in the seed was obtained by applying 90
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kg ha. The highest seed and biological yields (2227 and 7940 kg ha, respectively) were obtained by 60 kg ha™
of ZS application, which was 36 and 6.6% higher than the control treatment (no-fertilization), respectively. All
studied traits showed an increasing trend with increasing the amount of CM consumption, so that their highest
values were obtained when 30 tons ha* of CM was applied. Seed yield (2564 kg ha™) at the highest CM level
was 138% more than the control treatment and ultimately led to a 14.4% increase in the harvest index.

Conclusion:

Millet (Panicum miliaceum L.) is a cereal plant cultivated for its grain, mostly in Asia and North America. It
is a warm-season grass with a short growing season and low moisture requirement that is capable of producing
food or feed where other grain crops would fail. Chemical fertilizer treatment (NPK) also improved all traits
related to plant growth and yield compared to control as well as some other fertilization treatments. Modifying
the physical properties of the soil and the availability of nutrients for millet plants can be a major reason for the
increased yield and growth of the plant. Also, the results showed that consumption of zinc sulfate at 60 kg.ha
increased yield and yield components of common millet, but consumption of 90 kg.ha* of this fertilizer reduced
the studied traits. In addition, the results of this experiment showed a significant difference between four levels
of manure so that the highest grain yield of studied millet was obtained from 30 tons per hectare of manure.
According to the test results, it can be stated that the application of zinc sulfate at a rate of 60 kg per hectare
increased the yield and yield components of millet and therefore is introduced as the desired amount of fertilizer
to achieve ideal yield.

Keywords: Chemical fertilizer, Fertile tiller, Seed weight, Seed yield, Yield components.
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Fig. 1- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on millet height
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Control=no-fertilization; C= cow manure (T.on.ha%); Zn= zinc sulfate (Kg.ha*); Numbers in front of C and Zn indicate the level of
application of each fertilizer.
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Fig 2. Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on number of
tiller per plant
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Control=no-fertilization; C= cow manure; Zn= zinc sulfate; Numbers in front of C and Zn indicate the level of application of each
fertilizer. Differences of the columns that have the same letters non statistically significant at 5% (LSD)level of significance.
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Fig. 3- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on number of
panicle per plant
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fertilization; C= cow manure; Zn= zinc sulfate; Numbers in front of C and Zn indicate the level of application of each fertilizer.
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Fig. 4- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on 1000-grain
weigh of millet
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Control=no-fertilization; C= cow manure; Zn= zinc sulfate; Numbers in front of C and Zn indicate the level of application of each
fertilizer.
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Fig. 5- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on millet grain

A3l 0 355 b Bpas prdaws LSl ZN 5 C gols shiel (LS 13 p,56LS) (g9)lilow 22N (([iSa 3 05) (ol 555 =C 045 (b uno pae =Control
Control=no-fertilization; C= cow manure; Zn= zinc sulfate; Numbers in front of C and Zn indicate the level of application of each
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Fig. 6- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on millet
biological yield
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Control=no-fertilization; C= cow manure; Zn= zinc sulfate; Numbers in front of C and Zn indicate the level of application of each
fertilizer.
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Fig. 7- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on millet
harvest index
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Fig. 8- Effect of different treatments of cow manure and zinc sulfate compared with chemical fertilizer (NPK) on zinc content
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Control=no-fertilization; C= cow manure; Zn= zinc sulfate; Numbers in front of C and Zn indicate the level of application of each
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Introduction

Basil (Ocimum basilicum) is an herbaceous medicinal plant from the Lamiaceae family with a wide range of
applications in the culinary, cosmetic, food, perfumery, and medical industries. The presence of more than 200
chemicals, including flavonoids, monoterpenes, sesquiterpenes, triterpenes, and aromatic compounds in basil oil,
have been identified. The main components of its oil are eugenol, methyl eugenol, linalool, estragole, and
anethole, varying by chemotype. Basil is one of the most important medicinal plants in Iran, which is widely
used in various industries, including pharmaceuticals, cosmetics, sanitary, and food industries, and it is
considered an anti-fluff and appetizer in traditional medicine. Therefore, to maximize yield and increase the
length of the basil production period, the appropriate management of this product is necessary. Among these, the
use of suitable nutritional elements is one of the useful ways to improve the performance of this plant. The
centers of origin of basil are the tropical and subtropical regions of Africa, Asia, and South America. Therefore,
the purpose of this study was to evaluate the effects of different levels of vermicompost and copper sulfate and
their interaction on vegetative, reproductive growth, and yield of basil's medicinal plant.

Materials and Methods

To investigate the effect of vermicompost and copper sulfate on some vegetative and reproductive
characteristics of the basil plant, an experiment was carried out as factorial based on a randomized completely
block design with three replications in the research farm of Birjand University, Iran, during the growing season
2017-2018. Treatments were three levels of vermicompost (0, 5, and 10 t.ha*) and three levels of copper sulfate
(0, 3, and 6 per thousand) with three replications. The measured indices include vegetative characteristics (plant
height, lateral number, plant fresh and dry weight, leaf fresh and dry weight, number of leaves and node per
plant, lateral branch length internally spaced, and diameter stem) and reproductive characteristics (inflorescence
number and length, number of plant seeds, the weight of one thousand seeds, harvest index, grain performance,
and biological function).

Results and Discussion
The results showed that the studied treatments had a significant effect on the number of lateral branches,
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plant dry weight, number of leaves per plant, lateral branch length, number of seeds, 1000-seed weight, harvest
index, grain yield, and biological yield so that the highest number of lateral branches (17.33), Plant dry weight
(14.83 g.m2), Number of leaves per plant (167), Lateral branch length (26.83 cm), Number of seeds (3854.3),
1000-seed weight (1.80 g), Seed yield (3350 kg.m) and biological yield (20968.3 kg.m) basil was obtained in
the treatment of 5 t.h of vermicompost and 6 per thousand of copper sulfate and its advantage over the control
was 67, 51, 16, 43, 79, 26, 87 and 26%, respectively. Harvest index in the treatment of 5 t.h* of vermicompost
and 3 per thousand of copper sulfate with 13.01 in its maximum amount.

Conclusion

In general, the results indicated a positive and incremental effect of the combined application of the chemical
and organic fertilizers on the yield of the basil plant, and according to the results, treatment with 6 per thousand
copper sulfate and five t.hal vermicompost was recommended as the best treatment for increasing yield. But
always in agricultural products, especially in the production of basil as a medicinal and vegetable plant, the best
results in terms of crop production and health, as well as essential oils and medicinal compounds, were related to
the combined treatments of organic and chemical fertilizers, because these treatments are relative compared to
organic treatments alone, they increased the yield and on the other hand, compared to chemical fertilizers, they
had a healthier product and more medicinal compounds.

Acknowledgments: Authors are grateful to Ebrahim Ebrahimabadi for their help with the field experiments.

Keywords: Foliar spraying, harvest index, one thousand seeds, organic fertilizer.



S$309LS (owliclh p g9 &g gl

Homepage: https://agry.um.ac.ir/

C/’Z’m’aav

(S5 PB s Ol gt g e O g 5 G paS )5 B sl 6w
(Ocimum basilicum L.) Ol olS 5 S sl 5 5 ,Shas

"ol g 5 Bl suge TOL K oo M sl e deses
WWAY/ 1 B/TY 3l 53 b
WAV 16 K554 fe sl

Slogad ;1 us n.:l.&b_w 9 Ca_a»%.o.{u_o” bz polaw ).UL =y YN p Sl g ep bld wp b Sus wpp )8 L_SMI
MOIYY (ONF (gjysliS” cwlisspss (Ocimum basilicum L.) yloo, olS 5 Slos (glial g 5o ¢ (S555)98 590

CRVLCES

Gygodsy oyl (OCimum basilicum L) ubu) OLS L;.wl) 9 (M9 Olas R R u‘.njy» 9 wwsz ).y;b = )9.|a.~a=b

Oinlejl (slaygS s 1yl WA — 48 elyj Jlo p> dix o oSy Sl ae 30 )3 ¢ Sdbas JolS slacSols b )b LB p3 o )eS6
‘.)I.)uLuuc;l_u.\;.)y)l)g.JMlJ()l)m).); 9‘“;}1‘9)@@»4‘»}3&;;&94»9()&&:))& Ve 50 ;)mo)c.la.mm).) w%guc)gk}olm
sl )‘).tb )9 gduy )0 &l olday ‘LS“JB as Lo J9]o ‘4.:5; )0 LS)J iy ‘4.:9: Sis )9 “;JB asLiolias » d)bu"’“’ )uL SWIP D90 dlm)ln.u
ampoyio 3 £S5 VFIAY) wigy Sis 59 (WINY) (ools adliolis o iy oS g ysbody il So5glom 3,Slos g il 5)Slas cudldyy (adli
£ 5ok YYD ) aily 5 Shas (p)5 VIAL) &l i 55 (VAOF/Y) gy ;0 4l slaw o yio Lo YEIAY) ils a3l Job (VYY) &gy )0 Sy slaws
Jobs e Slilgus sl 53 (D g CungeoS (c0)9 S 13 oF iy Jlos 3 by (@pesie 3 p)S5hS T VPAIY) SUdgn 0)Shas g (mye e
A g CawgaaS sayg S )3 o g Hlewd ) Cudldy (asld g Jo)d YE g AV Y5 VA XY A8 D) SV Lol gas sals & Cand ol (55 g 15
s odd 5 (g olewd cladgS il 3,8 cuo L3l by w6 (IS jobay gy 395 Jlade oyt 3 WV b (e Slddgus Hlim 40
Olssas ) CuogeaS o)g )8 ) (55 iy 9 e Sl i 13 G35 o e @S 4 g b g 3 (bx ol 3)Slas 5 oS Cliogad

oL 45 Ocimum basilicum L. _ale pb L ;lou, olS

2 )l n HB )l Jh) 45 02 plieliai 0dlgil oo
wlisee mlio o ol (Lima-Corréa et al., 2017) ¢!

Ol 2,08 (lis o 5 (2ilie eyl gl @lio dlox
oaimpSud gllendl i A plgieas o 5l (it b 3 95
Lima et ) 39500 3k (552 slacsilow glopd )3 5o 5 0dne 3
03)3) LualS5l 4 1 5 V0+ + slo Jlo blgl 5 box, (2l 2004
Lupton et al., ) o b oaoxio YLl 5)lg Ve aad jd 500

D)8 duogi ol cpl 5 )Slas (ol (sl Lo (o yiae

b slre o T 35 il Jlim g acatly Gasls gadS slaosl

aibais of g OLalS (gl 3500 5 SLtl pole (sl g8 il -

Oyl iz y iy ol ¢(gj)aliS” 0uSisly

OLalS (G S5 «SLtl pole 09,5 )l (owlid)lS (sopmiils —¥

(Ol iy i OESIS (559U 028> (g plae g slaugdl (gl

(Ol iy iy oSS ((SB3lS (oBjgel 095 ¢jlutils Y

(Email: mh.aminifard@birjand.ac.ir :Jstus st g —#)
DOI: 10.22067/agry.2021.20304.0



https://agry.um.ac.ir/
https://dx.doi.org/10.22067/agry.2021.20304.0

VFo) Jle Voslods OF wlo> (5559l cwbis pgs 4 pits VYA

1y oS 4 g 039 (bord 355 (sl 3ol Wlgie o8

Jete (T slasgS algd alessl (Sridevi, 2016) 595
ohalS (gl dlgo (2005 (siledlil 4 Gl oo CamgeeS g
e gy o (il (()3g 55 (5B) Cuwd g gbic]
.(Chen et al., 2006) 3,5 o)Ll 8y annS  olié yole el
dj9 2l jolis enld it & SB & CuangraS )9 (395
5 Sojud bl b og o L a Sy el odly ool ol 1y oS 5L

P9 Sid ole 1y g alss plulad) Gl Clage s,
Arancon et al., ) cuwl 03yl paly s 551, 5,Slos 90 «oles
il eel (lou) olS (59) 2 CuwgreS 00yg 3282004
Capi (2l Soplil Sid g 55 Sas Sy 3 )Slos iy g5
Sy 50D gy, J(Tahami et al.,2010) 45,5 sals 4y

90 ) .))_ilo& J»l)ﬁ‘ o C,m:%\ofun)g d)am FLERW ua?v.w.n
Plantago major L. and Plantago ) S a)l oS 45sS
»led (6,5 s (Sanchez et al., 2008) . (lanceolata L.

2 e d)LS as S ()15 S (Asgari Lajayer et al., 2015)
3ySdas 5 o3gicun; Rl ad) S 28 cage ol glackile
Ol olS Sl 4y dagi b 9d o () (295 olS ) il
Syl 4 a2 b rizmen 5 )b 5 2 lio 3 o] B)leas
9 e Sllg Jolite (31 jogad > Ghe Cldlae (1556
odis plosl o) (g0d) Cluogad 95 Sles y CavgpeS )5
sl (lojon 58 (wyp 2k o2l Glpl 5l Gas
oS 5, Slae 5 (tlj 5 gy Dl 00355 g alasd

P92 e olS cpl Sk Gl g Ik Wy cae 3 ple

b 59, 9 dlge
2 J0gSh Cyeod WA = WYAD (el Jlo o (gl o
S dyje )3 LSS aw b (Bolar Jol5' sbaSsl g5k (B
bF g a2 d¥Y (allie 5)e) Ly oK (g5)5liS oaSiils
WA gLyl g (88 dids VW 5 0% (ol Jobo ¢ Jlod 4de>
Ologad e Cgr a8 5l 808 [l (L) gdaw ) i
Srtelw ¥ U o Goe jlas)fo SB oland 9 (38

(2016
Joa> jolatedsy (oelyj gipaeln 53 wae bl 5l (S
(s Sl 2j50 3 Logasis Cgllae et b Yl 3 Shes
oo gy Ll oS auis Calie slapiuww (obj)l
o) bpomo b (youd (lgi o0 oS 035 5 SB (il
DS i) 95 Ol g Gl b el ool curs Sl
5} o3laul ojg,—o! (Ebadi et al., 2008) sls )58l 1, Laoslys

ol 3908 Gy Sl ol e Olypsa lesd sadgS
Salehi ) cosl 4l (¢ pSoiiar (Byms Vb3 ySlas 5 SK- ol
Ot 33 e il S 3 de50 oli polic (et al., 2014
SAIP Jparme CuisS dgue (ivred 5 olS 3Sles 9 A5 lise
OLBLS s )90 o8 jludeds aSul 3929 b Bpae o5 polis i)l

Pirzad et) ,l> blS gai g 4d) )5 (gl ids Jg il oo
Ay 6l JLs 350 Bpae o olie yolie jI S (al., 2013
2 Tl ) Shes g )lE Lo o i a5 Wb e (e GlalS
Zare Dehabadi, ) syl sage ;o lals Slolie glassl,s
9 oS 3y Sles yy Bymen S olie 130 5l Sl mls (2009
owlwly (Preeti pande, 2007) a_ib o gyl olals as
o381 L (Rezakhani et al., 2012) 4, Sen 5 SBLs, )15
0395 Oliee (PSS 1o p)S (o Ve o B) (e (lise
o8l iliél (Spinacia oleracea L.) gliaw! oloa  yisy

(Heidari et al., 2008) ;,LSen g (s, (yisle] zoli pwiocan

5 89y SWg «Sygr dwl) (dse sy polis )80 i
el (Mentha piperita L.) Jals gl olS ;5 (ol oy yiwgSe
2 plerd (Sl 3805 (091> ol cpl Suts (g Gl
Lialidl S lielss ol Lais el JT glodsS b oS 5
dgupp ol (ol S Sliedlge wyiwd > Ul (S I slge
old jials'y SB ghadlol 5 obesd 5 (S5 Oluogad
& ¥ gmaze 3, Slas il el Klg oo 5 2980 (5355
Yang etal., ) g5 &Y guamo j3 olie dlge Lo 5 Sid 00lo
(2004
5 ol 8 Wle Sluogas il cdeay 1o I ladgS
Lol (205 gjloalil g (uxe polie 5 JTolge (YL (50855
2 ol 3 eslitl o ()0eS5 sVl b )b 35 5 (015950 Logeas)
g (=h) SV game CudS 5 a8y deme Sl ek 65sliS



AR} ...QWWﬁwQWWQMM@)QMCQMﬁ}E@»)})

Form s o2y Gk Jl iy sbile 385 8,55 1,8
sl | S 9l jgdaied SLS 5 LaazalS JolS )izl
(23S adeyo an (LaLS 3959 5l ey 2 plox LaaoalS
x5 ol e ((Bolad g0t © )5 Sl gy ) (s S gl
Wi 0 S p ol W S S i g glas)) vy, Slas
@ Sgs 53 0,8 dliw ( Sl BLE S5 Job (Sl a3ls ol
) (ol Slio 5 (S Sutd (g @l jlad 0 Sl dlold
sl Sl cole, b g poyte S o )3 (2315 oo 031 S
9 =2 L Job g oSl dlold iy glis)) Clio 135 ploxl
Bl o5 oy iman o Sk ] eslil | Lol 48l 1 31 S
Se e s S ) eoliul b Bl cond (p iomly Sl el
S9ilS by S g 4 S (g b S ojlul S
ol&iwd )0 ladiges «Sid yjg cpasd S Wb (6 S0l Jluswd
U el VY Sacods ogmadar 40 YO (lod b (y9]) oS Siiis
3929 3 rmg by Juad BT )3 siad ool )18 b g 4 s
De 48 Jloj dm o3l IS (15 55 plSim 5 (md0gue dlo o 4 olS
3392 03esy SalS oS 533 85 Jlej g 391 05 3,5 4250 Ao
I 0y Slas i S vt yo S (b Ll by
plosl cuilsyy pasli 5 )d 3 )Slas ((2lgn slaplil S5 Shos)
335 51 pilesl 51 ol slaosls Juboss g 2o pglaiod; a3
cliials 1ix gafl sl 1 b eSilis .15 e3lizl SAS 9.1

WA duglie 056 b duopd oy Jlesn] pdaw j0 5 S

il Jols ctlofl slojlog () Join) 2 plosl 54500
Ol ghaw 4w 1 (S 5 ©jg0ds &5 Kdgr CungeoS (c0)9 9
4w o (Shakoorifar et al., 2015) (jlia 3% 5 ¥ <)o 0) o
Aminifard & ) (;LiSe ;5 (5 V¢ 50 r0) CuvgpeS oo )9 paw
3 | o cinlej] plool jglaieds 0d s (Bayat, 2017
4o @lad Sy pbol (e g )S SB35 wanes 9 S
L) yte 95 5503 JH S5l (g aliold ) dboml 20 VXY ola
Loloss 51 WS 5l (S5 k> (sl 5 (ke slagssn Clus!
shol sz 5l Ol S ol 5o e Sy oS (o alole
P aSe 0 codls W81, b, cuin b @) a ab ad S
alols gy e 5l Yo L cindy o clS’ alols a5 395 g po e
5 )3 ke Bl VO CBlS Bas 3 g yie il Ve ki) (59,
& 2 el e b g g Cygots Lo, S (olo] b 48,8
)] ) €l b lojen Jgl o)l 3 plsl ) S5 (59,
L Lad >als 4 ol copn 4o .ab pbl (B )y @y VYA
LSl bl (gl 4b) g Wb gyl Sl gyt Cggu
Gillas) cowlio o515 Joma> sl b plonil (2S5 alo Slidee
2 J=ehEel ey g o a3 (lalS (S AL595 Jols
90 o lied) Cungre 00yg slod Bl S (S i Al> ye
b gre g b by le SB b et I J5 S )5 (5) -
P atsyo jl i 137 9 ¥ i jladeds 55 e Sllgw (S
J=le Job 38y plosl o) VW aloliay cugiaw (b (S
o3lissl 3)90 (plhord (iSile 5 (Sl B lesl 2

ool £9 51 S8 SB liowsd 5 (S5 Cluogad—) Jos»
Table 1- Physical and chemical properties of soil used in experiment
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Table 2- Some chemical properties of Vermicompost
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Organicmatter (%) Organic carbon (%) EC (dS.m™) pH
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Introduction

Wheat and barley are important strategic crops that constitute the staple food of the world population
including Iranian people. Given the role of these crops in the household food basket, food safety and self-
sufficiency in the production of these crops can be an important and valuable step towards economic
independence. Increasing agricultural production due to the use of chemical inputs causes serious damage to the
environment. Therefore, any plan and policy to increase production, in addition to technical and economic
aspects, must also be analyzed from an environmental perspective. Considering the importance of this issue, the
present study aims to investigate the sustainability of rainfed wheat and barley production using the
multifunctional ecological footprint (EF). The results can provide useful information to agricultural planners and
policymakers.

Materials and Methods

To analyze sustainability, data from Agricultural Statistics of 2017 and the statistics published in domestic
databases were used. In the agricultural sector, the footprint indicator should reflect the type of agricultural
operations and land use. Accordingly, the EF is divided into two parts: direct and indirect parts of the footprint.
The direct footprint indicates the amount of land, buildings, forests, and rangelands for crop production that is
defined as the amount of bio-productive area. The indirect footprint represents the amount of bio-productive land
used to absorb the amount of CO- emitted during crop production and agricultural operations.

Other aspects and benefits of EF are the use of different functional units that can provide researchers with
broader analytical backgrounds. For this purpose, evaluating EF based on a ton of crops, 10,000 Rials income
and benefits in the field were also calculated using divided EF by each of the different functional units.

Results and Discussion

Concerning rainfed wheat production, Alborz, Mazandaran, and Golestan provinces had the highest
emissions by 1632, 1140 and 860 kgCO-eq, respectively and Sistan and Baluchestan, South Khorasan and Qom
provinces had the lowest emissions. Concerning rainfed barley production, Markazi, Hamedan, and Mazandaran
provinces emitted 989, 869, and 775 kg CO.eq, respectively, so that they were ranked first whereas Sistan and
Baluchestan, South Khorasan and Isfahan provinces with 236, 263 and 298 kg CO2eq had the lowest emissions.
EF for rainfed wheat production ranges from 2.57 in South Khorasan to 2.87 in Alborz. EF for rainfed barley
ranges from 2.57 in South Khorasan to 2.73 in Markazi. With respect to rainfed wheat and barley production, on-
farm emissions had a higher share in indirect EF than off-farm emissions. EF for one ton of rainfed wheat varied
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from 0.75 Gha in Mazandaran province to 10.85 Gha in South Khorasan province. EF vyield of rainfed barley
production indicates that Fars, Isfahan, and South Khorasan provinces are in the most unsustainable conditions
for producing one ton of rainfed barley.

The results of correlation between EF and yield EF and benefit revealed a significant relationship between EF
of rainfed wheat and barley in provinces at the 1% probability level. Also, there was a significant relationship
between EF and yield EF in rainfed wheat at the 5% probability level, but this relation was not significant for
rainfed barley. Also, the lack of a significant relationship between EF yield and EF profit shows that an increase
in crop yield would not necessarily lead to an increase in the benefit of rainfed wheat and barley.

Conclusion

The comparison of EF indices and correlation between them showed that increasing inputs in rainfed wheat
could increase yield, but it had no effect on barley yield enhancement. On the other hand, no statistically
significant relationship between EF yield and benefit showed that yield increase does not necessarily lead to
higher profitability. Therefore, cost management is one of the key elements in increasing the profitability of
rainfed cereal production at the national level. Therefore, to increase the sustainability of rainfed cereal
production at the national level, apart from planning to increase yield, policy-making for efficient use of
resources and reducing production costs should be considered a key basis in production planning and policy-
making.

Keyword: Ecological footprint, Greenhouse gas emissions, global hectare
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Table 2 - Greenhouse gas emission coefficients of agricultural inputs
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a- Off-farm emissions (embedded in inputs)
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Sliud 355 1 Nguyen & Hermansen (2012)
Phosphorus fertilizer
w5°)*“> 6.3 Hoshyar et al., 2015
Pesticide
"'Ld; 3.9 Hoshyar et al., 2015
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J_}P g 0.016 kg CO2 eq. MJ* diesel x36.4 MJ.L"! Diesel Mohammadi et al., 2014
Diesel fuel
g 55 0.8 Mohammadi et al., 2014
Electricity
a0 Ja b il -
b- In-Farm emissions
039S (0.01 kg N20-N/kg N) 4.7 Nguyen & Hermansen (2012)
Nitrogen fertilizer
Slo=> ’9_5_ 0.3 kg CO2eq. MJL FMY MJ.kg? FMY 0.097 Nguyen & Hermansen (2012)
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Fig. 1- Distribution of dryland wheat (right) and dryland barley (left) in different provinces
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Table 3- Average yield and consumption of inputs in dryland wheat in the provinces of the country
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. Yield Seed - P fertilizer K fertilizer Insecticides Fungicides Herbicides Cow manure Diesel
Province fertilizer (tha’) (Lhad)
(kg.ha™) ' '
S . 936 110.10 68.16 34.75 - 0.37 0.06 0.26 0.0127 166.18
Markazi
CL-EQIU 1250 126.55 89.45 46.25 171 0.01 0.09 - 0.0927 89.34
ilan
ohsie 3701  196.74 171.45 76.20 21.23 0.40 0.91 1.20 0.1433 153.52
Mazandaran
B eyl
East 1098  145.47 57.16 28.74 - 0.03 0.04 0.14 0.0515 121.00
Azerbaijan
wF OL’.‘.’.L)S“
West 1415  156.08 40.55 24.46 0.63 0.16 0.03 0.44 0.1076 135.03
Azerbaijan
olisle S
913 165.35 45,91 33.25 0.03 0.59 - 0.77 0.0319 14161
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i 714 143.37 44.54 17.72 211 0.03 0.03 0.28 0.0219 118.61
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ars
ok
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Isfahan
9 Ol
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Sistan and
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oS
. 883 150.87 46.40 16.39 0.04 0.17 0.16 0.28 0.204 140.90
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o 689 128.43 61.02 28.38 - 0.38 0.07 0.15 0.0786 182.20
Hamadan
9 Jbesler
)l
Chaharmahal 1141 154.36 103.84 24,07 - 0.08 0.09 0.48 0.137 100.85
and
Bakhtiari
o) 1224  168.56 81.29 42.31 0.21 0.32 0.04 0.74 0.2684 139.83
Lorestan
I{;W 557 174.86 42.64 27.00 - 0.07 - 0.41 0.329 127.52
am
PRMIVSS
Janlyyg
Kohgiluyeh 1111 137.88 108.51 61.13 - 0.15 0.01 0.38 0.2656 92.79
and Boyer-
Ahmad
Ql"_‘"} 915 114.73 50.98 35.56 0.28 0.14 0.01 0.07 0.1033 150.00
Zanjan
Ol 1145  219.79 82.85 3.37 3.11 0.05 0.13 0.31 0.026 168.48
Semnan
o 1274 84.14 30.60 15.50 0.43 0.04 - 0.04 - 115.67
Tehran
olals
2019 17452 99.49 40.03 0.59 0.32 0.40 0.74 0.0636 150.32
Golestan
93 850 112.56 21.17 16.48 - 0.16 0.02 - - 133.49

Qazvin
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\FY

o)l

i 2154 137.46 23.18 21.42 - - 0.22 0.46 0.0813 136.33
Ardabil
i 413 95.65 42.60 60.86 - 0.09 - - 0.0652 79.01
Qom
w9 gl
South 237 31.09 3.53 3.49 - - - - - 80.52
Khorasan
9oy gl
Razavi 485 62.16 6.62 2.69 - - 0.04 0.02 - 122.86
Khorasan
(_JL&MA: QLJ)&
North 539 132.28 27.17 39.58 0.07 - - 0.47 0.1735 130.34
Khorasan
5 1500  300.00 250.00 93.75 62.50 - - - 6.25 219.33
Alborz
”I:‘{ F 1011 134.97 52.50 26.43 0.94 0.17 0.09 0.31 0.09 129.70
ran
BTV 1 LY\ V) S LRSI CY R TR R JWT PR JUN PVSIENUS WS S PR TS
Table 4- Average yield and consumption of inputs in dryland barley in the provinces of the country
s RO LI s WoiSopds  buiSz,B sl . s
e )g""‘ ™ N )M_ 95 e 95 Q"S)"""' U”SC) U”S Sly 395 Jﬁa.w,w
Yield  Seed fertili P fertilizer K fertilizer Insecticides Fungicides Herbicides cow manure Diesel
Province ertilizer hea L Fet
(kg.ha?) (tha?) (L.ha)
‘5;"’_ 501 105.79 141.15 83.02 3.53 0.04 0.05 0.02 0.01 154.33
Markazi
oS
Gil 1366  129.54 116.19 47.95 2.33 - 0.11 - 0.14 100.56
ilan
ol 2537 197.23 132.73 119.25 1.36 - 0.74 1.10 0.12 127.44
Mazandaran
G eyl
East 1081  120.91 28.16 10.22 - - 0.07 0.15 0.12 104.57
Azerbaijan
@ ol’.‘ile)‘j
West 1132 153.85 39.32 10.83 - 0.06 0.01 0.23 0.32 116.91
Azerbaijan
obadle 846 16523  36.74 27.14 0.07 0.32 - 0.61 0.01 135.28
Kermanshah
e 715 129.94 73.14 29.57 - 0.07 0.02 0.21 0.05 109.07
Khuzestan
;’”u 242 146.34 12.18 5.25 - 0.01 - 0.03 0.01 82.02
ars
ok
938 173.08 49.03 44,73 - - - - 0.06 90.11
Kerman
e 347 72.67 38.77 9.6 - - 0.05 0.04 0.04 64.73
Isfahan
9 Ol
Ol 858  61.53 - 3.84 - - - - - 56.87
Sistan and
Baluchestan
Ol S
. 1150  152.52 35.8 6.79 1.46 0.02 0.08 0.03 0.53 104.96
Kurdistan
chen 934 164.31 84.82 34.23 - 0.34 0.05 0.24 0.08 161.28
Hamadan
PRLOSES
&k
Chaharmahal 1202 152.60 107.02 15.33 - 0.05 0.03 0.35 0.12 84.86
and

Bakhtiari
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ok 946 174.47 54.99 28.06 -
Lorestan

!
llam
PRYPRILE
Salyrg
Kohgiluyeh
and Boyer-
Ahmad
obs;
Zanjan
R
Semnan

R 1272 86.54 53.14 41.52 1.66
Tehran
olals

Golestan

“’“5’5 1125  104.25 25.19 18.96 -
Qazvin

J"‘P"_ 1291  130.23 12.54 9.39 -
Ardabil
o gl
South 467 75.88 11.31
Khorasan
$9oy ol
Razavi 536 123.34 2.87 1.95 -
Khorasan
‘_JLQMJ OL,J)&
North 595 130.81 65.85 43.47 0.07
Khorasan

654 155.41 40.18 18.61 -

958 120.31 100.08 49.11 -

667 111.35 39.28 15.34 171

966 196.01 375 0.0001 -

951 168.72 60.29 33.77 1.10

5.05 -

5 1407 13954 8.72 29 ;
Alborz

S 866 139.54 47.33 25.89 0.26
Total

0.14 0.04 0.50 0.20 128.94
0.04 - 0.13 0.06 115.88
0.06 0.02 0.15 0.15 85.11
0.05 0.05 0.06 0.15 141.59
- - 0.11 - 157.55
- - 0.07 - 101.31
0.01 0.09 0.17 0.01 129.05
0.05 0.05 - - 126.92
- 0.07 0.12 - 133.27
- 0.06 - - 71.34
- - 0.02 0.05 114.13
- - - - 128.04
0.06 0.08 0.22 0.07 152.12
0.06 0.22 0.08 0.07 110.53

JESe o g lp ghen 5 ohjle (Jled ol slalial
298 Lol plaw dn Cas (s sloodles jl o puiS
slaslB sl e oy i 1S (¥ Jgasn) d50g0d ool !
5 3des bl ol 1 slaslsds
izl b ohsile o len (635 yo sl il wd o> Mg
Ll o yidi COy Uslse p,55 LS VWO 5 ASA QAR (i iy
s ol i 5 e (sla il 5 53l |, Saz ]
COy Jslas p)SkS YAA o YOV XY5 (i ey sLaml b olodol
295 dy )9S o ) 3 g2 g 53 0an Y il (a8
1 SO s Lassl Ll s (5 Jais) wols ol
g glaosleg sbj Brae olinile 5 Ghes (390 sl
sbapbiol 13 ¢ B)b il adlioe Jp3 Cd g 5 (15955 355 o9t
Sul bodlg Bpae pledal g (g Glul B oliuarsl 5 Gl
angr LU L(F Jgis) cawl 48,55 )18 oolizul 3590 Mol |y g 35

5 S o G yme ol oy (IS loj8 il 5o

O Jodo pd youdS calizes (sla liwl 10 13 paiS Wdg (sl aoolys
Jimd Ch g g (59— 368 2 L ol .l oads edld L
Ry A03gr v pAS Ag5 50 edn Y il wlie oy ek
)l el il s Lo o w5 piiS sl 3 Woay¥T Ltz 50
pSskS Ao g WY+ ASYY iy Ll L S g o5l
5 2= Ol e sl o b lag il 5 59: COy Joleo
yiaS COyp Usleo p)SskS FYY o YV Y -Y o gay Ll | o3
e (B Jgz) 59 Ll 1y 23 S g po eV Ll e
PS5 lS VXY 1M 3 puiS gl (el (glaj Lol
Wkl 55 pgy90 pu5 (¢l (Rajaniemi et al., 2011) COy Joleo
paS o (Alhajj Al et al., 2017) COy Jslse p Sk YFAV/A
(Khoshnevisan COy Jsle ,55kS YVVY letol oliwl y3
sl a8 ol 4 dng Uy .l 00 3155 et al., 2013)
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Sl e cccwl ol (5155 (Gan et al., 2012) COy Jslse
Jolre p )55 LS VYA pa 0 o Wy sl lalS slajlE
YAYVINS oyl 3 g Adgs ¢l o (Xia et al., 2016) COy
Us,l35 (Pishgar- Komleh et al., 2013) COy Jolxo p)Ssls
sl Ll p b il adllas ol gols dn dngi b ol o

2 D 52 5 paSS Mol 20 e odbline S ssly o lalsS

23 518 (Jod BB aw y> (o)lly yhaie 5l )5S (glali]

AU 3 S5 5 039t 15l (glboslys Bpas oS ol 4
Ot §90 Sl )l (SlasbdS sl Ll o (g pRain
2 adlas ol gl ol s Jols g8 Galise (gl bl
Laou V1 yidiy 938 sl plil g 53 03 52 9 pa5 W55
S 5eS ot 430 )b HUED] g 0392 Ay fe (9> Uil 4 by e
wlaB Ll e sl Lolasdl 36 4 1) e VT jLisl )
PSS VAV WM 3 5 (6)LiS S 4s e (sl SIS
£S5 S VY s y> 5 (Rajaniemi et al., 2011) COy Jolxe

(CO2 Jslro 0,53kS) ;ouiS e 55 d 08 USRS wgi (IS b jl5 Uil oyl 5ue —0 Jou
Table 5- Greenhouse gase emission per hectare of dryland wheat (kg CO2 eq.)

39 365

bl N yhad 355 el 395 L iSopis LLISZ,B  boisdle  Jlged8S Jpd Claw Js
Province fertilizer P fertilizer K fertilizer Insecticides Fungicides Herbicides  manure Diesel Total
SFEr . 241.42 6.95 - 2.32 0.33 1.02 58.20 544.39 854.64
Markazi
oS
- 316.83 9.25 0.26 0.09 0.46 - - 292.67 619.56
Gilan
o 607.28 15.24 3.18 2.50 4.63 4.68 - 502.93 1140.43
Mazandaran
o oty 202.46 5.75 - 0.18 0.19 0.55 0.26 30639  605.78
East Azerbaijan
& ol’.‘ile)‘j
West 143.63 4.89 0.09 0.99 0.16 1.72 - 442.36 593.85
Azerbaijan
N 162,61 6.65 - 373 0.01 2.99 0.72 46392 640.65
Kermanshah
obig 157.76 3.54 0.32 0.20 0.13 1.10 0.19 388.58 551.82
Khuzestan
‘E;’rl; 138.21 2.68 - 0.19 0.09 0.16 0.29 353.55 495.17
ol 298.27 14.95 - - 1.14 0.41 - 434.00 748.77
Kerman
bl 160.77 3.04 - 0.22 0.30 0.49 - 367.12 531.94
Isfahan
Ozl 5 Ol
Sistan and - - - - - - - 203.11 203.11
Baluchestan
Ol S
A 164.35 3.28 0.01 1.09 0.81 1.09 - 461.60 632.21
Kurdistan
o 216.13 5.68 - 2.38 0.35 0.58 - 596.89 822.00
Hamadan
PRCSUES
Sl 367.80 4.81 - 0.48 0.47 1.86 0.90 330.38 706.71
Chaharmabhal
and Bakhtiari
o) 287.93 8.46 0.03 2.04 0.21 2.88 - 458.07 759.62
Lorestan
I‘;M‘)‘l 151.03 5.40 - 0.44 0.02 1.61 0.60 417.76 576.86
am
danlpg g 4skSeS
384.34 12.23 - 0.92 0.06 1.49 0.36 303.98 703.38

Kohgiluyeh and
Boyer-Ahmad



\¥O

.9 o(Triticum aestivum L.) puss ol ol g losly Julxs

obs;

i 180.57 7.11 0.04 0.86 0.05 0.29 - 491.42 680.34
Zanjan
Oliows
293.45 0.67 0.47 0.29 0.65 1.23 1.26 551.94 849.97
Semnan
o 108.39 3.10 0.06 0.28 - 0.17 2.33 378.92 493.25
Tehran
L'Jl:.;.lf
352.39 8.01 0.09 2.02 2.06 2.87 - 492.43 859.87
Golestan
“‘”ﬂ 74.98 3.30 - 1.04 0.09 - 0.47 437.30 517.17
Qazvin
Ju)l
i 82.10 4.28 - - 1.10 181 - 446.63 535.92
Ardabil
~ 150.89 12.17 - 0.55 - - 0.99 258.84 423.44
Qom
s ollp 12.50 0.70 - - 0.01 - - 263.79 277.00
South Khorasan
S92y Ol
Razavi 23.45 0.54 - 0.03 0.18 0.06 - 402.50 426.76
Khorasan
o ol 96.24 7.92 0.01 - 0.01 1.83 . 42699 533.00
North Khorasan
) 885.50 18.75 9.38 - - . . 71851 163213
Alborz
(CO2 Jalao 0,5 9S) j9uiS gehaw )3 023 92 JUSH G i (SIS (G55 Ll (yle0 =1 Jgo
Table 6 - Greenhouse gas emission per hectare of dryland barley (kg CO: eq.)
*359 youd D . s . . : o vl : . .
ol “”9”\‘;"" td Shwd 395 pawly 35 L ESomis LLISEE LLISAle Jlae 3 JpdCdew S
Province fertilizer P fertilizer K fertilizer Insecticides Fungicides Herbicides  manure Diesel Total
SFE . 465.51 16.60 0.53 0.26 0.23 0.08 0.30 505.57 989.09
Markazi
oS
" 434.37 9.59 0.35 - 0.54 - - 329.43 774.28
Gilan
ohile 325.82 23.85 0.20 0.02 3.76 4.30 - 417.50 775.45
Mazandaran
W ol 115.14 2.04 - - 0.36 0.58 - 34256 460.69
East Azerbaijan
@ QL"““L"_)_I 135.71 217 - 0.36 0.07 0.90 - 382.99 522.20
West Azerbaijan
olisle S
180.37 5.43 0.01 2.03 0.02 2.37 0.44 443.16 633.83
Kermanshah
s 174.94 5.91 - 0.45 0.12 0.80 - 357.32 539.55
Khuzestan
'“:"”b 93.99 1.05 - 0.07 0.01 0.10 0.27 268.69 364.20
ars
oler 15951 8.95 - - - - - 20520 46365
Kerman
ofede! 83.82 1.92 - - 0.27 0.14 - 212.05 298.20
Isfahan
| Oesh 5 (e 49.40 0.77 - - - - - 18631 236.48
Sistan and Baluchestan
e 194.45 136 0.22 0.14 0.39 0.11 - 34384 54051
Kurdistan
gaen 331.07 6.85 - 2.15 0.27 0.94 - 528.37 869.64
Hamadan
e g Jon o . 307.26 3.07 - 0.31 0.14 1.37 0.73 278.01 590.89
Chaharmahal and Bakhtiari
o) 174.34 5.61 - 0.87 0.19 1.95 - 422.40 605.36

Lorestan
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el
llam
danlyg g 45kSes
Kohgiluyeh an
obs;
Zanjan
Semnan
ol
Tehran
ols
Golestan
o
Qazvin
=2yl
Ardabil
@y ool
South Khorasan
S92y Ol >
Razavi Khorasan
o gluls
North Khorasan
3
Alborz

d Boyer-Ahmad

224.98 3.72
217.41 9.82
55.83 0.17
136.67 3.07
154.41 -

198.09 8.30
165.11 6.75
71.77 3.79
42.72 1.88
28.41 1.01
97.08 0.39
154.40 8.69

0.26

0.25

0.17

0.01

0.27 0.01
0.39 0.12
0.32 0.28
0.09 0.46
0.33 0.24

- 0.36

- 0.30

0.50

0.57

0.24

0.43

0.26

0.68

0.48

0.02

0.08

379.61

278.82

167.02

463.86

516.14

331.88

422.78

415.80

436.61

233.72

373.89

419.47

609.10

507.12

223.01

604.69

672.38

538.78

596.03

491.93

482.05

263.58

471.67

582.66

5 el €Oyl iy plp YO o (iale S Jrwilty o] 1o
oo B ol Uil qums as 30 I35 55 (5900 355 508
=hi iz Glides (b )3 0ah Bpas [ g S5k
Ay aeyie I Jusl g g ol 4 s gyt COy
s -3 2 90 1 )l (g5 (Sun VT Ll s g 0 0
a3 )3 ace e S35 LIl ppw 023 92 9 pAS A ) U o
Db 4o 5l ) L] a1 Gl aiane 8 S 3581 5L,

2 > A5 1055 Sl sy Sl & b ol

1 So39e8T loo,y (ad L daly cocuwl odd ooy LS YV Jods
odalie 0B 5, bl )0 VIVA U sein oylol 3 okl 55 VOV
095 3 3 32 25 sl Sl (sbsy bl ey
3y yaiie jydl ol j3 VIAY U gl sl 5 yltuas okl 45 V/0F
2 asyie S5 Lanl mw od 92 9 p45 395 3 (A Jgi2)
e Sl pts | s i Sl sy il
4 035 NYO (S a5 oy oten 5| (S oGl ds 30

23S w45 23 pS Mg Su39IsST by Ll -V Jgaa
Table 7- Ecological footprint of rainfed wheat production in the Iran

ol )50 gy CO2 sk, 450 J&12 CO2 gbs, 13,C02 S23951 ks,
Province EF CO: off farm (Gha) EF CO2 on farm (Gha) EF CO2 EF (Gha)
3 3 _ 0.04 0.14 0.19 2.70
Markazi
oS 0.04 0.10 0.14 2.65
Gilan
ol 0.08 0.17 0.25 2.76
Mazandaran
P bl 0.03 0.10 0.13 2.64
East Azerbaijan
s ub.‘é.le)ﬂ
West 0.03 0.10 0.13 2.64
Azerbaijan
obidle S 0.04 0.11 0.14 2.65

Kermanshah
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Obis 0.03 0.09 0.12 2.63
Khuzestan
o) 0.03 0.08 0.11 2.62
Fars
ol 0.05 0.12 0.17 2.68
Kerman
e 0.03 0.09 0.12 2.63
Isfahan
Ol sl g Gl
Sistan and 0.01 0.04 0.04 2.55
Baluchestan
s, 0.03 0.11 0.14 2.65
Kurdistan
hon 0.04 0.14 0.18 2.69
Hamadan
9 Jooylex
Sl 0.05 0.11 0.16 2.67
Chaharmahal
and Bakhtiari
o) 0.05 0.12 0.17 2.68
Lorestan
!
0.03 0.10 0.13 2.64
Ilam
denlpg g 45l SeS
Boyer-Ahmad
ks 0.04 0.11 0.15 2.66
Zanjan
Obiew 0.05 0.14 0.19 2.70
Semnan
o 0.02 0.08 0.11 2.62
Tehran
ofels 0.05 0.14 0.19 2.70
Golestan
o9 0.02 0.09 0.11 2.62
Qazvin
Jedl 0.03 0.09 0.12 2.63
Ardabil
i 0.03 0.07 0.09 2.60
Qom
i olel 0.01 0.05 0.06 257
South Khorasan
S92y oLl
Razavi 0.02 0.08 0.09 2.60
Khorasan
o ol 0.03 0.09 0.12 2.63

North Khorasan

3 0.11 0.25 0.36 2.87
Alborz
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Table 8- Ecological footprint of rainfed barley production in the Iran

Province 4,50 )8 COz b, 48,50 J&1 COz b3, 13,CO; S39951 ks,
EF CO, off farm (Gha) EF CO; on farm (Gha) EF CO, EF (Gha)
SFr 0.06 0.16 0.22 2.73
Markazi
oS 0.06 0.12 0.17 2.68
Gilan
b 0.03 0.14 017 2.68
Mazandaran
s 0.03 0.08 0.10 261
East Azerbaijan
wif obmbl
. 0.03 0.09 0.12 2.63
West Azerbaijan
ebisle)s 0.04 0.10 0.14 2.65
Kermanshah
ks 0.02 0.10 0.12 263
Khuzestan
o 0.03 0.05 0.08 2.59
Fars
ol 0.03 0.08 0.10 2.61
Kerman
olede! 0.01 0.06 0.07 258
Isfahan
| sl y ol 0.02 0.03 0.05 2.56
Sistan and Baluchestan
oS 0.04 0.08 0.12 263
Kurdistan
o 0.06 0.14 0.19 2.70
Hamadan
sy ol 0.03 0.10 0.13 264
Chaharmahal and Bakhtiari
o) 0.03 0.10 013 2.64
Lorestan
e
0.05 0.09 0.13 2.64
llam
| e2liin g 4SS 0.01 0.10 011 262
Kohgiluyeh and Boyer-Ahmad
b 0.03 0.10 0.13 2.64
Zanjan
s 0.04 0.11 0.15 2.66
Semnan
o 0.03 0.09 0.12 263
Tehran
ofels 0.03 0.11 0.13 2.64
Golestan
o293 0.02 0.09 0.11 2.62
Qazvin
eyt 0.02 0.09 0.11 2.62
Ardabil
s> oLl 0.01 0.05 0.06 257
South Khorasan
S92y ol 0.03 0.07 0.10 261
Razavi Khorasan
o oLl 0.02 011 013 2.64
North Khorasan
5 0.03 0.09 0.13 2.64

Alborz

VYA
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Fig. 2- The share of each input in the ecological footprint index of dryland wheat production
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Fig. 3- The share of each input in the ecological footprint index of dryland barley production
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Table 9- Multy-functional Ecological footprint of rainfed wheat based on different functional units
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Table 11- Correlation coefficients of ecological footprint index based on different functional units
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Introduction

The main goal of conventional agriculture is to maximize both production and income. Intercropping, the
agricultural practice of cultivating two or more crops in the same space at the same time, is an old and commonly
used cropping practice that aims to match efficiently crop demands to the available growth resources and labor.
The most common advantage of intercropping is the production of greater yield on a given piece of land by
making more efficient use of the available growth resources using a mixture of crops of different rooting ability,
canopy structure, height, and nutrient requirements based on the complementary utilization of growth resources
by the component crops. Mixed cropping of cereals with non-cereal plants, in addition to the optimal and fair use
of resources such as land and labor, increased productivity per unit area and strengthened total productivity per
unit area and time. In mixed cropping of bean and sesame, treatments including 25:75, 50:50 and 75:25 had
1000-seed weight, number of capsules or pods per plant, number of seeds per pod and harvest index were higher
than other treatments.

Materials and Methods

An experiment was carried out as factorial based on a randomized complete block design with three
replications in Gonbad Kavous University farm from 2017-to 2018. The intercropping ratios were in nine levels,
including sole crop of chickpea and lettuce, replacement intercropping of 33, 50, and 66% lettuce instead of
chickpea, and additive intercropping of 100% cicer + 33, 50, 67, and 100% lettuce and pure nitrogen
consumption in three levels of 0, 50 and 100 Kg™. Row distance was 30cm, and row lengths were 3m. The
distance between plants in rows was 20 cm for lettuce and 10 cm for chickpeas. The number of rows in sole
cropping of chickpea and lettuce was four, 50% lettuce + 50% chickpeas 4 (chickpea-lettuce-chickpea-lettuce),
33% lettuce + 67% chickpea 5 (chickpea-lettuce-chickpea-chickpea—lettuce), 33% chickpea + 67% lettuce 5
(lettuce-chickpea-chickpea- lettuce-chickpea) and in additive treatments was 8 (lettuce-lettuce-Ilettuce-lettuce-
lettuce-lettuce-lettuce-lettuce-) with 15 cm from together. In additive treatments distance of plants was 60, 40,
30, and 20 cm for 33, 50, 67, and 100% increase, respectively. SAS Ver. 9.4 was performed for statistical
analysis of data, and the least significant difference test (LSD) at the 5% probability level was employed for
mean comparisons.

1- M.Sc. of Agroecology, Plant Production Group, Gonbad Kavous University, Gonbad Kavous, Iran.
2- Assistant Professor, Plant Production Group, Gonbad Kavous University, Gonbad Kavous, Iran.
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Results and Discussion

The results showed that the highest dry weight, number of pods per plant, number of seeds per plant, 1000-
seed weight, seed weight per plant, and chickpea harvest index were obtained from replacement series of 33%
chickpea and 67% lettuce. This was due to reduced external competition, which provided more space for the
plant and produced more photosynthetic material. Also, the lowest dry weight, number of pods per plant, number
of seeds per plant, seed weight per plant, and 1000-seed weight of chickpea were obtained from an increase of
100% lettuce to chickpea. With increasing nitrogen consumption, plant weight, the number of pods per plant,
number of seeds per plant, seed weight per plant, 1000-seed weight and chickpea harvest index, and lettuce plant
height and weight were increased. By increasing of nitrogen, plant growth, yield components, and consequently,
chickpea seed yield increased.

Conclusion

Among the two pea and lettuce plants, lettuce plant weight was higher. The higher weight of lettuce can be
attributed to the genetic characteristic of the plant (harvest of the whole plant and high level of water content of
the plant). The weight of both species increased with increasing nitrogen consumption. The highest harvest index
resulted from the treatment of 50 kg nitrogen per hectare, and the lowest harvest index was obtained from the
treatment of non-consumption of nitrogen. Chickpea plant dry weight was reduced due to increasing density
which in turn resulted in high competition between plants. Seed weight and yield components of chickpea
decreased with increasing density.

Keywords: Additive intercropping, Harvest index, 1000-Seed weight, Plant density, Replacement
intercropping
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Table 1- Farm soil specifications of Gonbad Kavous University
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Table 2- Analysis of variance (mean of squares) of effect of planting pattern with lettuce and nitrogen on studied traits of

chickpea
PSR Sl po (155ko
Traits )y’ ) YL dlaxi Al sl Wil dlaxi Ve 59 w15 oy59 oW
ol &33! Dryws EEPORN e EEPORY &l EEPORN Cudls
s & df weight Pod per  Seedper  Seed per  1000-seed Seed weight Harvest
S0V plant pod plant Weight per plant index
s 2 5.007 9.038 0.002 1.565 231.8 0.226 14.79
Replication
Ol 2 52.86% 13.1% 0.009 206.6%* 1681+ 35.17# 176.7¢
Nitrogen (N)
ClS lacns
b 7 218.3% 442.0% 0.017 542.8% 1341+ 83.36% 160.3%
Intercropping
ratios
x cslS gsSl
RRTyeR 14 0.75 3.744 0.005 7.146 46.17 0.755 21.02
(N x PP)
u».il.n)" L;Ua&
46 7.468 7.533 0.008 19.17 337.9 2.866 37.32
Error
Olyuss o b
12.32 . A 15.84 37 17.71 14.
C.V. %) 3 9.98 9.19 5.8 5.3 39

*and **: Significant at 5 and 1% probability levels, respectively
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Table 3- Mean comparison of plant dry weight, number of pods per plant, number of seeds per plant, 1000-seed weight, seed
weight per plant and harvest index of chickpea under planting pattern influence with lettuce

L?c‘;).'s s . . .
- o SUiA s AOYE dlaws A5 Doy M Yoo o 5 Sy et ) )
Traits  *% 9 il 0k vy ‘_‘-'" O ity Lasld
Plant dry Lgs A9 40 1000-seed Seed weight per H ind
: weight Pod Seed weight plant arvest index
bglso Cuils’ gcing 0d per eed per (%)
] _ (9) plant plant @) ()
Intercropping ratios
Cio0 22.7 28.01 26.15 341.7 8.972 39.16
Cerlas 24.47 30.17 30.96 348.7 10.82 44.36
Csolso 28.43 36.54 35.77 356.7 12.77 44.63
Casler 29.09 38.06 41.39 360.9 14.97 51.43
Cioolss 20.76 2151 2434 335.6 8.187 3941
CiooLso 18.48 22.40 21.84 335 7.337 39.66
CaooLe7 17.47 21.17 21.50 332.2 7.182 41.07
Ciool 100 15.91 19.24 19.71 325.9 6.257 40.01
LSD value 2.59 2/6 4/15 17.44 1.61 5.8

Cro0lsz <ly; 3556 (loas 9alS aod BV 58+ XY (3%ls bylse cutS e gay :C33L67 § Csolso CO7L33 ely; 956 Lalls s :Cio0
) 3956 4 galS wopd Ve g BV B Y il bebe cutS e g4 :Croola0o s C1o0le7 Cioolso
C1o0: Sole crop chickpea, Ce7L33 Csolso and C33L67: 33, 50 and 67% of letuce instead of chickpea, respectively, CiooL33 C1ooLso
CiooLe7 and CuooL100: 33, 50, 67% of letuce + 100% chickpea, respectively.
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Table 4- Mean comparison of plant dry weight, number of pods per plant, number of seeds per plant, 1000-seed weight, seed
weight per plant and harvest index of chickpea under nitrogen levels influence
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Traits - o 1D Do 4 1000-seed Y Harvest
e i Plant weigh 3 2 : ¥
I © Pod per Seed per weight Seed weight Index
Nitrogen plant plant (9 per plant (g) (%)
0 20.59 25.04 24.65 333.9 8.337 39.92
50 22.43 27.71 27.75 342.1 9.589 42.15
100 23.53 29.79 30.52 350.7 10.76 45.32
LSD value 1.59 1.6 2.54 10.68 0.98 3.55
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Table 5- Analysis of variance (mean of squares) of effect of planting pattern and nitrogen on the height and weight of lettuce

LS T) Slay o (10ke
Traits . . .. .
Josi 3l a2 Pl &gy gl 92 G 0
Treatment d.f Lettuce plant length Lettuce weight per plant
‘ .
S 2 2.162 3639
Replication
0997 2 17.42" 5855"
Nitrogen (N)
0 Sl s 7 1.774 29293

Intercropping ratios (IP)
Ofg s X CudlS S

14 0.449 34.4
IPx N
sl slas
ey 46 0.785 1396
Error
Sl ; 2.9 11.16
CV (%)

*and **: Significant at 5 and 1% probability, respectively 1o, < 5 g Jloin! gaw )3 I3 gxe cud oy #* o *

2 W92 359 9 EW) 12 0595 P el dwglio T Jgaa
Table 6- Mean comparison of effect of nitrogen on height and weight of lettuce

L
Traits 92l gy g 2 G909
O399 Lettuce length (cm) Lettuce weight per plant (g)
Nitrogen
0 29.68 315.1
50 30.63 333.7
100 31.38 346.1
LSD value 0.52 215

9 &g (359 9 £ 2 Sl (o1 T (el o -V Jgu>
Table 7- Mean comparison of effect of planting pattern on length and weight of lettuce

b S5
Traits Pl g gl 92l L (339
Sl aCuuns Lettuce height (cm)  Lettuce weight per plant (g)
Intercropping ratio
L1oo 30.13 346.6
Cerlss 30.00 379.6
CsoLso 30.36 3924
CasLer 30.31 408.4
CiooLss 30.60 299.6
CiooLso 31.13 284.5
CiooLe7 30.82 276.5
C1ooL 100 31.18 265.3
LSD value 0.84 35.11

Lioo: Sole crop of letuce, Cs7L33 Csoliso and C33L67: 33, 50 and 67% of letuce instead of chickpea, respectively, CiooLs33
Ci00Lso C100Ls7 and CiooLioo: 33, 50, 67% of letuce + 100% chickpea, respectively.
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Introduction

Management of water consumption in arid and semi-arid regions in recent years has been considered a key
issue in the field of water resources management. Zirkoh and Ghaenat counties are the hot spots of water
consumption in the region. Water footprint and virtual water are critical indicators for water resources
management. Therefore, the development of the cropping pattern with high water requirements has led to a
negative water balance in the Ghaenat and Zirkoh counties. To prevent the negative consequences of this crisis,
it is necessary to consider the restriction of cropping pattern with high water requirements in the region, as well
as the assessment of water footprint and virtual water of agricultural products. Also, one of the strategies for
managing and optimizing the consumption of water resources in the region is to determine the appropriate
cropping pattern with regard to the local conditions. Therefore, this study has been conducted with the aim of
calculating the components of water footprint and virtual water in the cropping patterns of Zirkoh and Ghaenat
counties and determining the optimal cropping pattern for planting crops from the perspective of water footprint.

Materials and Methods

In this study, the amount of virtual water and green, blue, gray, and white water footprint for wheat, barley,
potato, sugar beet, cotton, alfalfa, and saffron were calculated in the current cropping pattern and at multi-
objective nonlinear programming (MOP) approach with the objectives of maximizing net profit and minimizing
virtual water, green, blue, gray and white water footprint as the optimal cropping pattern in Ghaenat and Zirkoh
counties. The study area was irrigated areas of Zirkoh and Ghaenat counties in 2017.

Results and Discussion

The results showed that the indices of virtual water and water footprint components in Zirkoh county were
higher than in Ghaenat county. Also, in two counties, the blue water footprint was more than the green water
footprint, and the results showed that a large amount of water resources in this area is spent on the production of
cotton. In all studied crops, blue water footprint was more than other components of water footprint, which
shows the reliance on the surface and sub-surface water resources. The results also showed that the area under
cultivation of potatoes, melons, and barley in the multi-objective pattern of Ghaenat and the area under
cultivation of melons, sugar beets, potatoes, watermelons, alfalfa, and saffron increased compared to the current
cropping pattern. Reduction of the area under cultivation of cotton, alfalfa, and watermelon in Ghaenat county
and cotton, wheat, and barley in Zirkoh county by 50% in the multi-objective crop pattern were other important
results. By determining the optimal cropping pattern, the environmental effects of the agricultural sector on
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water resources could be reduced so that the implementation of this pattern in the region reduced virtual water by
26%, blue water footprint by 4%, gray water footprint by 18% compared to the current cropping pattern.

Conclusion

According to the findings of this study, it is necessary to pay attention to the environmental objectives
affecting water resources in optimizing cropping patterns. Using the proposed model, in addition to selecting the
appropriate model and optimal use of water and land resources to increase profits and reduce water and virtual
water footprint, about 13 million cubic meters of water could be saved compared to the current cropping pattern
in the region. Therefore, by implementing the optimal cropping pattern, in addition to reducing the
environmental effects, the net income could be maximized of water consumed per cubic meter in the region, and
by reducing water consumption, we can help achieve sustainable consumption of limited water resources in the
region.

Keywords: Bluewater footprint, Green water footprint, Nonlinear planning, Saffron, Water resources, White
water footprint
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Table 1- List of symbols used in the model to define sets and variables

T 2o &y
Description Symbol Type

(Ol o) (ool o pg3 o d € {1.2...D}

Second level of political divisions (County)
«_J\/9.a.’>m u,Lo] bj)f j e {1.2. ....j} LQA.C?A?LA

The main group of products Sets

Jlo slaels m € {12,..,m}

Months of the year

2 OV gamo 4 0 Gl 0> | Joamo 4y o 031 anass e )laie

The amount of land allocated to product j in the county d to irrigated products

A oliwyad gl M olo 4 oas o3l yanass Ul ke
The amount of water allocated to the month m for the county d
d b b glp ] Jgpame el glp J5 (oIS 250
Total net profit for crop production j for county d
d hojd sly ] Jypame cuiS sl silore &
Virtual water for crop cultivation j for county d
d uL.w).Q,.u d‘)_.vj J9.a.'>m cuss dl).g Jaw y\ &5‘13)
Green water footprint for crop cultivation j for county d
d ol pd @lp ] Jgpame cuiS cly o Sl b,
Water footprint for crop cultivation j for county d
d losed @lp ] Jpame cuiS s 2u8s o s,
Gray water footprint for crop cultivation j for the county d
d loyeed lp ] Jypame cutS sl b Of b,
White water footprint for crop cultivation j for county d
s 53 IS als 5w 4 bgyye g Ban ol
Objective function and related to the total net profit in the template
d ol ped gl Jgpamme cuiS gl JS sl ol (s,
Total virtual water footprint for crop cultivation j for county d
il ol 4 byrye 5 i o
Objective function related to virtual water
d ol ped @ln ] Jpame cuiS gy S o f b,
Total green water footprint for crop cultivation j for county d
oo Sl 4y bgiyo g B 2
Target and green water function
d ol ped gl ] Jgpame <t lp U5 o o gbs,
Total water footprint for crop cultivation j for county d
ol sy 4 bgpe g Bun ol
Objective function related to blue water footprint
d b slp ] Jpame catS (lp U5 s O gbs,
Total gray water footprint for crop cultivation j for county d
S Ol gbd) 4 by g Ban b
Objective function related to gray water footprint
d ol eed slp ] Jgame <t (gl U5 s O (b,
Total white water footprint for crop cultivation j for county d
ko Ol (543 4 bgrye g B o
Target function and related to white water footprint

Land _C ligpigared V}
Water_Cl_V5,
NetBenefit_CI_V}
SWD_c1_ve
WFGreen_CI_V*
WFBlue_CI_}
WFGray_CI_VE
WFwhite_CI_*
ObjectProfit,

SWD_CI_V* V;g;l’es

ObjectSWD_v
WFGreen_CI_V?

ObjectW FGreen_v
WFBlue_CI_V®

ObjectWFElue _v
WFGray_CI_VF

ObjectWFGray _r
WFwhite_CI_V*

ObjectW Fwhite_v
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Table 2- List of symbols used in the model to define parameters

T dlos
Description symbol
ol 25 NB
Net profit
Silbre SWD
Virtual water
}A'N g')‘ dlf'b) ) WFGreen
Green water footprint
d‘ yl dli)) ) WFgIue
Blue water footprint
(5)"""‘51> ‘—’1 dlia) WFGray
Gray water footprints
o u’l
. o =l ) . WFwhite
White water footprint
d olyted > Mool § Jpae sl (o) 508 oy LandSchd;,

Land use coefficient for crop j, month m in county d
@l Y e 0 oyl pos )3 cusS” BB e lado
Amount of arable land in the county d Irrigated crops
w23 9 ol SV gamme O liwyad jd cutS bl e jlhde
Amount of arable land in the county d irrigated and rainfed crops
e )3 Jpamo yo iy o Sl
Maximum area under cultivation of each crop in the area
s 5 Jpams 3o 0ty o Jilis
Minimum area under cultivation of each crop in the area
d Gl g 2 Jpamo o)l ot
Irrigation efficiency of crop j in county d
oo slp ] Jgamma 5 S o S i 5l 3590 palls e
The amount of pure water required to cultivate one hectare of crop j for county d
d by sl Moolo )3 o yiwd B O lude
The amount of water available per month m for the county d
d ol gl sl ] Jypamme cutS sl (G958 Ll alls 59
Net profit Current conditions for crop cultivation j for county d
ditio s slp ] Jpame cuiS lp 9 Ll (sjlme
Virtual water Current conditions for crop cultivation j for county d
d ol jged sy J Jgmame S (gl 5958 bl o T (5L,
Green water footprint Current conditions for crop cultivation j for county d
d ol jged lp J Jgame <l ly S5 bl T Ol (b,
Trace of irrigated water Current conditions for crop cultivation j for county d
d Gl lp ] Jpame cutS (lp 5958 lpd (685 Of (b,
Gray water footprint Current conditions for crop cultivation j for county d
d Gl lp ] Jpame cutS sl 5958 alpd i O b,
White water footprint Current conditions for crop cultivation j for county d

LandRHS Irrigated?
LandRHS Rainfed?
Land Cl_m ax]-'j
Land_Cl_min{
WaterEff?
NetWaterR eq?m
WaterRHSS
NetBenifitCrrent®
SWD_Crrent®
WFGreen_Crrent d
WFBlue_Crrent®
WFGray_Crrent®

WFwhite_Crrent d

s ol O s 29800 el )bl T sk ) it 5
o Jsmame a5 IS5 orimo LS &S 035 Sas f g,
Gang L el ojip; g xbw ol wlio 5l odlatul
e do ol wlio Sk ol wlie 35S 5 3] (gl Jluslis

4 i (sl catS (5ol o Ol (Gbd) liee i

(o=l Sl by Glie st g 52 9 puS colyie; OY e
5 PSS ey qplyis) SV g 3 ol 5 i 5 SpS
2y OV game ol L i a0l 4 d g b b osalie 4554
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Table 3- Amount of virtual water, water footprint and net benefit in the current irrigated cropping patterns

Ul 3500 NB sl o of L3, = g, SrmS s O 5L, S 1 (13,
hatt VW WFGreen WFegiee WFGrey WFwhite
($-ha) (kg ) (mi.t?) (me.t?) (me.t?) (m°.t?)
[ W K]
Qaenat
oS
396 2530 364 1744 62 399
Wheat
7 257 1465 302 629 42 950
Barley
3 314 9040 160 6075 100 2075
Cotton
) e 3392 585 10 393 3 126
Potato
R 866 366 6 246 5 126
Sugar beet
2R 1184 382 18 245 3 45
Melon
e 304 407 15 230 3 59
Watermelon
s 984 2053 185 1230 29 1127
Alfalfa
et
0 3714 1040 253600 583058 200 3279125
Saffron
895 15
Zirkoh
oS
180 3357 385 1930 57 170
Wheat
# 178 1588 337 1093 37 881
Barley
3 275 12209 178 8242 105 4409
Cotton
) e 3045 766 10 528 3 261
Potato
il 844 491 7 339 5 220
Sugar beet
2R 1946 480 25 330 3 64
Melon
o 304 530 22 318 3 147
Watermelon
s 1125 2576 212 1764 29 593
Alfalfa
obée 3714 1456 278200 886796 210 498560
Saffron

b ;._J «bsy WFwhite (& yuuS 5 «J s, :ngrey ‘&] ;J b,y ‘WFgiue e 9] «bs, WFareen < sjlxe uJ : VW (Al dgw :NB

3uio gloBly tpcie
NB: net profit, VW: virtual water, WFgeen: green water footprint, WFge: blue water footprint, WFge,: gray water footprint, WFwnie: White water footprint
Source: Research findings

J._,‘Jy 2 ‘uL.wS u] GL.«.A d)am Lg‘.><b ‘u.ol)a‘.u (et al., 2020 ol) “.)T dL).)) dl)_&‘ 9 d)l?m ui 2 (e cuss dﬁl O
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A odnliie (qwyp 9y90 lanl plos ;0 MOP (¢63Jl )5 cuiS yy ;5
5 &S (ol Ol cLosy cojlome Ol (g0 oS sdimyLis o
u_ﬂ CuiS GY gaste (p ) OY gaste Cpl dgw (090 YU g dedw
gy ddlaio

il (i sty S 555 dog BB 3)le S0
Gl YA 5 aladin g d o iy CulS pj pdow (gdoyd B
Sl Gl ped ()l (5531 4 Cond MOP (5631 ) 18 )i
MOP (55l 13 ¥ g inme CuiS pj pdow Sl puisxed g
2 aSpban (F Jpo) cuily olaie Sial o058 05 s o
4o Cuad o3 Bt 4y g 92 piS CuilS o j daw MOP (oSl
S MOP S (665l )5 laials ol el ials gl csS)
= Fhe gl asls e YU Sk a8 wd salis Clial oles
2l dn G &Y gamo ol d9 (35 w9 ol sLed)
(2020) Chouchane et al. (Y Jsis) cwl adlrio &Y s iame
=l sla) gt Y Ol (s, o Vg 08 315
e <S58 o Lol etS 5 s e il 2Vl
= Yz a gl (SU sl el cae b e pRalS
e 55168 (55,508 N gamo S e b s
kS 665 0 (Sl U (oee )0 g oadb atwlS Wl oYL
S s a8 SISl (Y garme A58 (gguwa s3]yl
stacd )l 5l (5y90 0 1lgi oo S (65801 (g5 290 03l
e nasly Jlo e 3 5 oo ks &1y (g5l i
o= oe=zen (INas et al., 2017) wad Jl&5 1) Joase g
o j5 iy lgicso i 5550 o &5 208 oy e
b e a2 (3] 3w olise g 10l ]y Ol 298 425
dLaplwpd )l g L oliiin 58 Gplie 4 g
22 Ul slie e SISy (b oS 58 kbl lgie
S cutS oS e 9 canl ()98 el oo ygboay adlate
b paems ;505 bl 4 1) dalats

(Gao et al., 2020) 540 (5,95
Sl S oSl 3 adate 3 pallBdgu (pyiie ez s
4559 9 03 (e i) 4 by i SV gaze
» )l e e adllae gl ( IS b (1 Jgiz) 59
Ol e 3515 SYL dgw a8 SV guame g ol )5 olo adlaie
YL Bypme Lhay )l 3 aeg B O sh, 5 gbre
oS 10l (s5ylsS slmpllas «(55,9liS (i3 53 ol wlie

i ol baylSaly (5,4 (e 3 &5 Nsd (b jL
5 i o= ol sl elial g oilome o ialS 5 baieay
ol 5 (e D9 o o gl odlitl (181 5 (oS
Nemecek et al., 2011; Nikkhah et al., ) uus adlaio l;,5Lu8
day 055 5 9 DL adate )3 (5)5liS 4SSl 4 a5 L (2019
ol @l 39468 My o Lo 4 W sl atanly ()bl ST 4
g Ohlud el ol Jlo 53 (6)ygliS dmug Ng) (B pogile
L opSTom 5l sl p5Y lliy 0 mlgs sl 53 55 alacl
slaplp e Gl l) @)Kl (Jsine 5 (Jgol julis S5l
9 5298 Ol oyt slapllss 3 oo ol o]  Jlazs!
e Copde caz Ol by g silbre Of o3,y oSl
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Foz o) opd Ve njinw i ) o (LB Glis o
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Table 4- Area under cultivation of agricultural products in the cultivation cropping pattern in Ghaenat and Zirkoh counties
according to the studied objectives (unit: ha)

J{ O 1 KT
d;‘?dsg'd)’t“”m» 317000 | KES-5{ WERv. KUy | WO | Ky S{ WO | KPS il

; Siyteliy
Jgasmo - d Mk : ol gs, ©7
Crop Current 2l dgw  (gilbme ol jaw 2l b, (2l @l 5L, jaw T b, L e
Pattern MNB MVW MWFGreen MWFae  MWFarey - MOP
MW Fwhite
ps 3808 3773 3800 3800 3725 3800 3800 3800
Wheat
> 2429 2481 2523 2523 2660 2523 2523 2523
Barley
3 800 400 400 400 400 400 400 400
cotton
o) e 57 193 193 193 193 193 193 193
potato
oLt M 626 835 376 376 818 376 376 376
Qaenat Sugar beet
°pA 529 580 593 593 265 593 593 593
Melon
wlysin 83 42 42 2 2 2 42 42
Watermelon
92 416 416 208 208 208 208 208 208
Alfalfa
ol 84 84 84 84 84 84 84 84
Saffron
Tgt‘al 8832 8804 8219 8219 8395 8219 8219 8219
pis 1397 1054 699 699 699 699 699 699
Wheat
> 586 500 293 203 500 203 203 203
Barley
8 331 277 166 166 166 166 166 166
cotton
) e 6 9 9 9 9 9 9 9
potato
°55 25 Moy 1 5 5 5 5 5 5 5
Zirkoh Sugar beet
°R 9 81 81 81 81 81 81 81
Melon
wlysin 357 536 536 536 536 536 536 536
Watermelon
92 172 190 180 182 150 182 182 182
Alfalfa
o) 34 35 36 35 35 35 35 35
Saffron
Tial 2893 2687 2004 2006 2181 2006 2006 2006

‘u‘j LJ dl,;b) d)‘L»JﬁLb :MWFslue e u,:] Lglib) d)‘b)if\.b :MWFgreen «silre ;.;’l d}L»J.’élb :MVW ‘04]\5 dgw d)'Lw)i'f\» :MNB )b 69@1 :Current
aua s> g0y wbp MOP i Ol (sbs, (o5l Bl MWFwhite (¢ S o (cbdy (gjlo il :MWFcrey
Current: MNB: net profit maximization, MVW: virtual water minimization, MWFgreen: green water footprint maximization, MWFeiue:

blue water footprint minimization, MWFgrey: gray water footprint minimization, MWFwhite: footprint minimization white water, MOP:
multipurpose planning
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