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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

Canola (Brassica napus) is a major oilseed crop in the world, and its oil is used not only for salad and frying
but also in the processing of margarines, shortenings, and other food products. Canola (Brassica napus L.) is
often called a flexible or plastic crop because individual plants can adjust the number and size of branches and
pods they produce in response to available moisture, light and nutrients. Therefore, canola naturally compensates
for variations in plant population over relatively wide ranges with very little effect on final yield. At plant
densities of 70-100 plants per square meter (approximately 7-10 plants per square foot), canola plants normally
produce 3-5 secondary branches, in addition to the main stem. At low densities of 20-30 Elants per m?, this plant
can produce up to four times the number of branches that stands of 70-100 plants per m" produce. Extension of
canola cultivation varieties need effective instruments to follow up characters associated with yield and yield
components. Therefore, determination of the response of canola cultivars to plant density is principally important
and in general plant density is the most important factor which limit yield production on farmlands.

Materials and Methods

In order to determine the best planting density for rapeseed cultivars, this experiment was conducted at the
agricultural research field of Ferdowsi University of Mashhad, in 2011. A factorial experiment based on RCBD
with three replications was used. Factors were cultivars (Hayola401 and Modena) and planting density (40, 70,
100, 130, 160 and 190 plants.m™). A composite sample of soil from the surface of the ground down to the depth
of 30 cm was taken and sent to a laboratory for determining the physical and chemical features of the soil.
Results of tests carried out on these samples showed that the available phosphorous, and the available potassium
contents of the soil were 31.5 mg.kg™ and 267 mg.kg™, respectively. The soil pH was 7.3 with texture containing
40% clay, 41% silt, and 19% sand. Distance between plots was 0.5 meter and between replications 1 meter used
as passage way. At crop maturity, five plants were randomly selected from each plot and the seed yield and yield
components (including number of seeds per pod, number of pods per plant and the 1000-seed weight) were
measured. Analysis of the variance was performed using the SAS statistical software, and comparison of the
means was performed on the basis of duncan’s multiple range test at five percent probability level.

Results and Discussion

Results showed that there were significantly differences between plant density on rapeseed cultivars. Canola
crops need 30-40 plants per m? (approximately 3-4 plants per square foot) to maintain yield potential. Plant
populations lower than this is more likely to have yield loss. The average grain yield in Modena cultivar was
13.5% higher than in Hayola401 cultivar. Number of pods per plant in Modena was significantly higher than in
the Hayola401.When plant density decreased from 40 to 190 plants.m™, plant height of rapeseed increased. The
greatest Qumber of seeds per pod, biological yield, harvest index and oil percentage were observed in 70
plants.m™.

Conclusion
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Rapeseed cultivars responded strongly to changes in plant density. The average grain yield in Modena
cultivar was higher than in Hayola401 cultivar. The maximum seed yield was observed in 70 plants.m™.
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Table 1- Analysis of variance (mean of squares) of emergence percentage and dry weight of cotton plants at 30, 60 and 90
days after planting influenced by cultivation method, plant residue levels and nitrogen fertilizer

ks ot TP s Sy SS9 Blw SS9 S5 Ss 59
= oo Leaf dry weight Stem dry weight Total dry weight
S.0V $2D" Emergence
e d.f 30 60 90 30 60 90 30 60 90
Soy
Replication 2 11.28™ 0.18™  1.89™  37.93"  0.002® 14.67° 38.84™ 0.008"™  13.93™  71.50™
(Rep.)
d})jd\& *k ok Tk Tk *k *x * *k Kk *
Cultivation 1 112844 81.66" 2552.86" 7678.13 831" 17.26™ 11436.66° 133.25" 10999.13" 37856.84
(Cult.)

Rep. x Cult. 2 2.38™ 0.14™ 769™  61.01™ 007" 6.84™ 110.14" 0.84"  65.24™  302.04"™
b
Residue 4 1402187 5947 353.99" 137196 11.29" 28.14" 1120.98™  104.82" 140354 4949.84"
(Res.)

N_tO”’*’*(N) 252™  164.80" 277.05" 194579  47.007 120.68" 2179.00"  402.81" 763.46" 8243.00"
itrogen
Cult. x Res. 4 30.03" 230"  39.36° 117.80" 162" 9481 262.68" 597"  254.657  714.65"
Cult. x N 1 1.35"™ 26.03" 5475 279.53" 049" 0.04™ 251.70" 29477  58.04° 1061.76"
Res. x N 4 0.207™ 033" 3255  48.30™ 0.34™ 13.43°  20.79™ 133" 8171" 73.12™

X

C““x' NRes' 4 1.39" 0.89**  41.68**  31.52" 0.64** 14.33®  80.67™ 2.00*  103.76*  204.24*
E”” 36 3.24 0.18 10.68 27.79 0.01  14.67 33.90 0.10 34.87 66.35
rror
C":/”((y;‘” 4.23 5.67 13.02 12.72 298  17.26 14.28 2.91 12.48 9.91
. 0

Do pf g do)d gy whio)d K Jloin] o )0 )b dme a5 4 NS g 5
ns, ** and *: Means non-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 1- The exponential decay pattern of cotton emergence in response to the level of barley plant residues in two cultivation
systems of moldboard plowing (dotted line, y = 60.142e %% R?=90) and disk (Straight line, y = 49.044e%%% R? = 0.79)
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Means with at least a similar letter do not have a significant difference at the 5% probability level based on the FLSD test.
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Table 2- Mean comparisons for main effects of cultivation and nitrogen on leaf, stem and total dry weight (g.m™) of cotton at
30, 60 and 90 days after planting

9:5uz @a.w 5)‘3 Swis 039 aBlw Sus 31) Jsus 039
I:actor Level Leaf dry weight (g.m?) Stem dry weight (g.m™) Total dry weight (g.m™)
30 60 90 30 60 90 30 60 90
@ I\jl"leé‘;’sﬁd 870% 31.62% 5272° 392° 2020 5487% 12.62° 60.83% 107.31%
6})9 (o] oar
Cultivation “;‘_“‘f: 6.36° 1857° 30.10° 3.18° 15.17° 26.97° 9.54° 3375° 57.02°
IS
O35 50 5.87° 22.95° 3572° 266" 20.76° 34.75° 854" 43.72° 7047°
’(\'k'gﬁgef)‘ 150 9.19% 27.25% 47.11° 4.38% 23.60° 46.80° 13.72% 50.85% 93.91%

g 53 g )bgine SMBIFLSD (y50i] ol iz S jnio B S )3 Jilio o aloaSilis (59550 b (53,958 I3 Se o sl g gt 2 0
5l ey iy Jless
* In each column and for each main effects of soil tillage or nitrogen, means with at least one similar letter are not significantly
different at the 5% probability level based on the FLSD test.

Bymo e SRl L (g)losd ko don )0 Ay S5 5
9 2 > el ul g 09 aaye i 0 5 308 4y jao g2 cLliy
3sr £S5k 80 o 15 (65,5515 5 Jgano) p5ed 4iboles
293 45 592 e )3 (5950 £S5k 190 51 5 pegucns S 5>
Ol b oad 030 )54 (5955 e Canns (13958 enliie SO
ol Lle polae il 8l L as cul o 0003 .Cuwl Llay
390 OLBLS 0395¢mj jlade (Jogla 5 92 pS) Cungile
Younesi et al.,) 45" oo lay ialS ()3 5 Lgw psS yam) oUj)
Syae g (2S5 Lol obj ol o Sloj 094 (2012
o 59 (Singh et al., 2004) s 05y jISa 8" oy5g 4
Y gamo > a8 g oS YL o Sles @ oliwd 5wl
2 5Lj Ll 5,8 5 (Cassman et al., 2003) 1S’ o W] <l);
ol cosams Y8 st cou |y S 5e 0 ol Slyy e S
a0 culld Jdody S 50500 lde a5 59y 0 Jlois] ddaylys
a3 55 L5 o ) ol Ay g 4l alS laeuslS g See
Oialidl ealS 5l e 59590 55 x> a (Amini et al., 2014)
as (3 JSi) s odnliiie Ly 5,8 b Sits (59 50 (o0,

Oty (55 ged Ao w1 3 Ll (Lol 15590
930).5Mybb@)mocjaw)bysé&u‘j))&uou)s
yobods oS SutS 59 blis 3,8 T8l b ccuidlS 5l e g, 60
5 b jlawn 59, 00 5 alS pl s g ob ol LialS s
alsyo ool B ams o lis & (2 JS5) 590 codlS” 51 w39, 30
Sl 03 s ilod S Dol aty Wy (gl 1y (Mo Llay dgng
L ogzg opl b el lay jlowy oy iy sy Blgl po a4y olS
Lol gohaw & SUid (g @oo I (Jglite (ASly Juad byt
3D oial33l W9y o cudlS s 59y 90 50 oS g ygbds s oad
(2 JS2) a8 esnlitio Ll lje ol b SS9

Ol 2 958 g9 Al aw Jlite Gl (ke dmlis gl
ol 1 Sbo iy J§ S8 035 p 0350 @355 sk » Ll
W@d)S s Jale aw ya U e s s 59 45 Dy
Sl g 5l JS <SS g b Al ye s 2 > &S (g ygbay
I, e el 3 1S 3 p,S5lS 150 (5925 5 5o
(3 JS) sel cowday
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56 LUB)S b )3 ks 9 ©)3 0395 3 ()39 5 Sl (iedgw
o394 {Koocheki et al., 2015; Peng et al., 2010) 3,I> 394
== CIN Cuis s oo SB xdaws jd gy (gLl 2954 45
by SLS 339290 (595 Olie bl b ol 3 250
908 L Ay Joab (b )3 olS g 0ad Bpas bapuslS g See

(Amini et al., 2014) 39 0 4xlge 39,50

Suiid oule 9 Slac
aS ol i ialel slmodly uibyly o5 g 3T ol
gob «BLS gLl (lise «55)s S aibole g5 (Lol L
e bl 5 oseb Llite Sl (iiSeny 5 (< 0/01) 59,0
o3le 3,Skes 5y (= 0/05) (5525 5 Lla: 5 (p= 0/01) 5925 5
L 5 oo ailSaw il Lol ccudls ()b ime pil auy olS Sis

ol dy olS s odle 5)Slos jy (g)b xe )gb Oy

(3 Jgie) ol
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Plant residuals (g.m?)
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Plant residuals (g.m?2)

il Yiansl g Ll 4o can gloj sl jl oaim L
Sgpddio )0, 5  poud dilobus )0 ofgds Liulial ol sl )5 55

..)9).

dor bygoye SLES (g oS SIS Sl ey 59, 60 530 0

Ll p)5 308 5,1 b Sas aibolus 3 ()39 p,5 oS 50 Lo
039 OrieS Bl 5l Gy 5, 90 by > Bl gy g0yt
2 Bl 39 p)55kS 00 5 S (o)loss S 5 e 3 Sits
S 3L L Vool s Juols o poyie 3 bl 5 77
2 052940 03as p)S5kS 190 5 80 5,8 e Gl OO
i odalie Ll 3,8 plKin cuslS 5l s 59, 90 5 60 Jolpe
0593 S 9kS 180 5,1 Ll 5,18 pae Ll 53 & oy
0397 59 90 & s S 35 003 98 a3l s
Slelw )3 ohage yidi (9 S p)lS duyoo Y3 & iz g A
sl i (3 JSCd) ol 039 aiedgw Bl S w3
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Plant residuals (g.m?)
Leaf, 30 DAP  y=-0.0162x + 10.014 r:z =0.9033
Leaf, 60 DAP y =-0.0416x + 31.5 rf =0.8685
Stem, 30 DAP  y=-0.0078x + 4.748 [’z =0.956
Stem, 60 DAP  y =-0.0423x + 28.698 rz’ =0.9129
Total, 30 DAP y=-0.0236 x + 14.772 [’z =0.915
Total, 60 DAP y=-0.0839 x + 60.206 r*=0.8917

Fig. 2- Variations trend in leaf, stem and total dry weight of cotton plants at 30, 60 and 90 days after planting (DAP) at
different levels of plant residues

bl o cudlS 5l s gy 60 530 j3 4l b3l Sgms,S, bghas 4 byyye 0ad 039l (sladlslae

The presented equations are related to fitting regression lines at 30 and 60 days after planting.
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Fig. 3- Changes in the total dry weight of cotton at 30 (a), 60 (b), and 90 (c) days after planting under the interaction of
various amounts of plant residues (zero, 77, 154, 231 and 308 g.m™), and Nitrogen fertilizers (50 and 150 kg.ha™) in two soil
tillage systems with disks (bright columns) and moldboard plowing (dark columns)
A28l o FLSD (901 bty gty Jloinl oo 13yl siee M) 1515 it S jiio G Sy 3 ol &8 olaySils iyl sl
For each date, means with at least one letter in common are not significantly different at the 5% probability level, based on the FLSD

J S o3 wlobs > @yeyte 0 p)5 164 (Ll 5 ool
,3 0 s el 3 Ll iuldl el gl g,lel Ll
= 0y Sis onle 5,Shas ial33l wopeyio y p,5 308 4 77 )
(1 ) el
358 zolaw 53 (65)s S wlols 55 Plie Sl 4 Sle dunlio
555 Glulidl as ol s oy SLid odlo )Slos (5950
Jgere (65,95 dilols 5 ,1Sn 15 2,598 150 4, 50 1 59 525
wlolw dy s iy oS Sid o0lo 5 Sloe i ol58l el
2 S oole 5, Sloe oy yiidi &S 5 ysbody el 0ud (65)9 S B S
5 )L )3 p S5 LS 150 (59,5 55 Jopls,5 5 w5 lols

Si9SB wlobs go5 13l cov 4k olS Kis o3le 5 Slas
9 Scuwwd 3l pidn b8 p wiui ol Gliwe g <8,5 5,8
5 205 308 0 T7 51 Lok blo Gl s (4 Jps)
2 3558 190 4y 50 51 59,2 055" GIBIL 5 9 @perte
(4 Josn) 3,8 g il a olS s oolo 3,Sles ¢ )iSa
=02 sble o5l blite Sl 5 Sle sladuslio gl
o3lo 3 Slae 1SSleo o i oS 0l L ay S odlo 3 Slas
g amyeyie 3 pyS 308 Ll > Jyane poud ailobe > St
oo 33 oS 1T (bl g Sawd o3 wlolis 1 35 (] (e
e wlols > gpeyio 3y S 1T GLla Ly 48 2ol cunday
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L i el ey qrpngio 3 5 1T (sble 5 (Son)
wlolw 93 (o SLis o0l 2y Sloe MBS Ly e (iol58l
(15 JS5) 5 sty 55,5055
2 3o o 9 L Olise Jlite S (56S0ke dunlie gl
S odaris pials g Ll (halll o ob (L s esle 5Sles
aS cowl s pn ool ad awls agy ol Siis oolo 3 Slas
3ySdee yiin Gl cage ()i FYL aw 53 Ll i3Sl
Sl Sis oals oy Slas oy i a5 (gyebdy el olS Sis odlo
2 558 190 (59,25 355 5 @yeie 1 £)5 308 Ll slow
1T Ll )l 5 55 St o0le 3 Slos (fje (05208 5 1S
JSi) 13 Jols S )3 £ ,55kS 50 (5510 o @perio 3 25
s B b 555,55 008 Bpae o Cl o 01y (05
«(Cabrera-Bosquet et al., 2009) 5,ls o5 s o3lo 3,Slase
dSge SB > (Al bl (VL polie & obaglej 3 0hg4

sl e

NS2 3 p 5 oks 50 ()3g s > St oale 3 Slas ljee 08
20, Slee gals (o4 JSE) ws Jeols Saod p5ub aibols
358 ol 5 15 (5,88 & lgon |y 5339 SS slaelol
Ao (Sopdd ol 1o ol s ) Ad) lp cawlie bl
g oabs )5 3b s 1y ol ) 0 onie adyy Jsb o515 ialS
el i s dar ) (alie dlse 5 Ol Wl el Ay dox
STy cas Y0asnl yol (ypon o (Mohammadi et al., 2009)
9 5295 ol oad bl (1l 3 (9 o lalS S
S o3le 3 Slae 15,8 Ly (Koocheki et al., 2015) l,Sax
54 9> sald Jlagi 4y Camd (5955 2S5k 190 Jlo 55 4y
S 0Sle sladuslio 3do  cpinpd b Gl (1580 sy
(D JS5) sy Sits oole 5 Shos s g2 (sblis > w5 iz
S wlobo ) agy ol o Sis 0ol 3 Slas Sk oy i
Jeols (@eporie o 25 308) Lla o (5L )3 Jsene (559
S3r9SBpS wbobe 3 55 Sid olo 3Shos (lise (yieS 9 45

03955 395 9 Ll Zobauw ol 93 il Coodi auy ol 3 Shos 4 by jo Sl uillg 41300 -3 Jga
Table 3- Results of analysis of variance for traits related to cotton yields as affected by cultivation type, residue levels and
nitrogen fertilizer

Olazyo (ko
O pndS 2abe N HEYSH Mean of squares
SO.V. d.f 0398 SUiS (y3ig V9 3y5hes aildady 3,5dos SUYIoSlos SWis a3l 3 Slas
Boll dry weight Seed cotton yield Cottonseed yield Lintyield Dry matter yield
s 2 0.0008™ 0.01" 0.002" 0.0003" 0.01¢
Replication (Rep.)
LS)'”‘_{B * ek . * ok
Cultivation (Cult) 1 6.85 3.68 1.26 0.65 17.34
Rep. x Cult. 2 0.098" 0.02"¢ 0.0001™* 0.008"* 0.073"*
b 4 355" 1.84" 0.63" 0.32" 9.49”
Residue (Res.)
s 1 3.22" 158" 053" 0.29" 10.49™
Nitrogen (N)
Cult.  Res. 4 0.317 0.18™ 0.05" 0.04™ 0.78™
Cult. x N 1 0.77" 0.45™ 0.14™ 0.09™ 0.93”
Res. x N 4 0.22" 0.100” 0.04” 0.02” 0.33"
Cult. x Res. x N. 4 0.12" 0.101" 0.03" 0.01™ 0.18"*
e 36 0.02 0.007 0.006 0.002 0.12
Error
CV (%) 9.85 6.91 10.24 9.68 11.72

Bize w5 do)d gy waod K Jloin] e jd )b dme a4 NS g 5
ns, ** and *: Means non-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 4- Means comparison for the effect of tillage method on dry matter yield of cotton (cv. Khordad) in (a) different levels of
plant residues, and (b) different nitrogen levels
A3l o FLSD (9051 b doys gty Jloinl gedaws 53 13 e COM] 130 st S jiio By Sy 3 ol &S ol il
The means that have at least one common letter do not have a significant difference at the 5% probability level, based on FLSD test.

BMoldboard 0ODisk

Dry matter yield (t.ha™)

B50 kg N.ha' 0150 kg N.ha"' 4

Dry matter yield (t.ha)

154

Plant residues (g.m?)

150 550 g 93 53 () 9453595605 9 Jgone (55,956 aloluw 93 (W) )3 92 Ll (450 &2 iy Sld 3lo 3,Sos STy =5 S
Oier o5 kS
Fig. 5- The response of cotton dry matter yield to the amount of plant residues in (a) common andreduced tillage systems, and
(b) at two levels of 50 and 150 kg of nitrogen

i3l o FLSD (905l b sy gty Jlois] graw 3 513 cine M) 386 st S jitie G Ky 0 Jilis &8 4l oySibleo
The means that have at least one common letter do not have a significant difference at the 5% probability level with the FLSD test.
sl jd e S @)y (Malhi et al., 2001) >g5 55 gp0iie (Hordeum vulgare L.) s> (55, dlwcan jingh &
SiSe 3 o, 59 LS 139 5l oxlisl 48 ol o o1 55 BV L aS el olpenay Iy 5 Slas il SB L 2LS cLlay LM
aS dals 4 Caws |y 3 Slos ¢ LS sblay baas b olper (5955 U9y pySals 120 5 S Byas b slajlog o Sials oy
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Vetch & Randall, ) >)b (i 2LS (Ll g9 4 o] Hlude
(2000

Zanata et al., ) ol [iol38l aoyd 92 g 03,55 b,y (59
bas cladilolw 3 59,0 s 03jl 5 3 Sles ials (2007
4S5 29 o0 031> Canmd (98 b Syotant 4 2L LG

33,5 08 dsy 3,500 2 (195 9 PP (ol O 5T (be (Wramnlio -4 Jgu
Table 4- Mean comparisons for main effects of cultivation method and nitrogen on the yields of cotton (cv. Khordad)

0398 3 Slos vy 3,5des aibady 3,Slos AU Slos SWis a3k 3 Slas
Jole aw Boll yield Seed cotton yield cotton seed yield  Lint yield Dry matter yield
Factor Level (t.ha?)
s 2.08%* 1.52° 0.90° 0.62° 3.50°
&iyeSs Moldboard
Cultivation S 1.41° 1.03° 0.61° 0.41° 2.43°
Disk
b b b b b
lesis 50 151 1.11 0.66 0.44 2.55
N (kg.haV 150 1.98° 1.44° 0.85° 0.58° 3.38°
0 2.18° 1.54° 0.92° 0.62° 3.70°
L s 77 1.06°¢ 0.77°¢ 0.47°¢ 0.29°¢ 1.89°¢
2 Gl
Plant residues 154 1.41¢ 1.04¢ 0.62¢ 0.42¢ 2.47¢
-2
(g.m") 231 1.69° 1.26° 0.74¢ 052°¢ 2.72°
308 2.39° 1.762 1.05°2 0.71° 4.04°

L5085 o)y g Jlein! aaws 53 (65 sixe MBI FLSD 9051 (ol py iy S jiio B 5 )3 s o8 ooyl

* The means that have at least one common letter do not have a significant difference at the 5% probability level, based on FLSD test
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Fig. 6. Mean comparisons of the interaction effect of cultivation method, barley residues and nitrogen levels on (a) boll, (b)
Seed cotton, (c) cottonseed, and (d) lint yields of cotton, cv. Khordad
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For each trait, the means that have at least one common letter do not have a significant difference at the 5% probability level, based
on FLSD test.
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Introduction

Avoidance of repeated soil tillage in conjunction with maintaining crop residues and plant nutrition
management may help to conserve and improve the soil and plant conditions. Primary goals of conservational
systems consist of eliminating some cultivation practices and increasing surface crop residues in the planting
system. In such residue conserving systems, nitrogen fertilizers are considered as important elements in crop
production and influence the pattern of soil organic carbon storage as well as crop growth and yield. Currently,
cotton is mainly cultivating in many farms of the country, and in particular in the Southern Khorasan province,
after removal of the residues of the previous crop, and few studies have been conducted on the importance of
plant residues in this plant in Iran. Therefore, this research was carried out with the aim of investigating the
interaction of barley plant residues and different levels of nitrogen on yield and yield components of cotton in
two different tillage systems (conventional tillage with moldboard plowing and reduced tillage with disk).

Materials and Methods

To study the effect of application of different residue amounts and nitrogen fertilizer under two different
cultivation systems on dry matter accumulation, yield and yield components of cotton, an experiment was
conducted as split-plot factorial design with three replications at the Faculty of Agriculture, University of
Birjand, Birjand, Iran. The main plot consisted of two cultivation levels including conventional tillage (mould
board plowing) and reduced tillage (disking). The sub-plot |ncluded two nitrogen levels (50 and 150 kg.ha™*) and
five levels of barley residues (0, 77, 154, 231 and 301 g.m™) which were factorial arranged in sub plots. Cotton,
Khordad cultivar, was planted on 20" June 2013. Plant dry weight was measured at three stages over the
growing season and cotton bolls were collected at two stages and the lint, seed cotton and cottonseed yields was
recorded.

Results and Discussion

Results showed that the cotton emergence in moldboard plowing (46.8%) was significantly higher than disk
(38.1%), and seedling emergence in both tillage systems decreased with increasing amount of residues on the
soil surface. The highest percentage of emergence was related to zero residues |n moldboard plowing and the
lowest emergence was observed in low tillage (dlsc) with residues of 308 g.m?. The residue application also
reduced the plant dry weight early in the growing period. Although appllcatlon of low amounts of residues
reduced plant dry weight and cotton seed and lint yields compared to non-residue application at the end of the
growing season, increased levels of residues, especially where high rates of nitrogen appllcatlon and moldboard
plow were practlced remarkably increased these traits, so that the greatest I|nt yield (1.04 ton.ha™) was observed
with 308 g.ha™ of residue in conjunction with application of 150 kg.ha™ nitrogen and practicing moldboard
plowing. Moldboard plow system caused a greater dry matter accumulation and crop yield and it seems that
initiation of crop residue conservation and reduced tillage requires more time.
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Conclusion

The research clearly demonstrated the beneficial effects of not removing plant residues and mixing them with
soil even for a single crop season, which, in turn, emphasizes the avoidance of incorrect burning of the residues
of the previous crop. According to this study findings, where 100% of previous crop residues are added to the
soil, the application of nitrogen should be increased proportionally. Otherwise, a significant reduction in crop
yield and yield components would be observed especially at high rates of crop residues. Moreover, it appears
that reduced cultivation systems might not influence crop yield and even reduce it in short term and requires long
term research studies to determine the efficacy of conservational cultivation systems.

Keywords: Conservation tillage, Dry weight, Emergence, Lint yield, Moldboard plow
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Table 1- Chemical and physical charactristics of soil
T aaly e
Characteristic ~ Unit  Value

Culzy Percent 46
ulw Percent 42
Silt
S:: q Percent 12
éw. Percent 82.1
Saturation
ol st 148
EC
VST
- 7.46
pH
-
J. o Percent  2.05
Organic carbon
I oisxs
Total N Percent 0.16
";‘3 mg.kg? 6.7
oeeolly 1
mg.k 142
K 0.Kg
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S e a3l (S g Bl SLiS g S 5l Slie
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s 3-8 &5 (LAR) S s s S(NAR) alls
A3yl 5 (655301 (SLA) 5 0329 e 5 *(RGR)
23,5 dculxa 1 dhsles 5l oslisl b (LAI) Sy pdaw as i

1- Leaf area index

2- Crop growth rate

3- Net assimilation rate
4- Leaf area ratio

5- Relative growth rate
6- Specific leaf area
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Table 3- Mean comparisons for the effects of alternating irrigation and plant spacing on leaf area index of rice
during two growing seasons

- . ol alold
Cwils dlold .. . . .
) o, Irrigation interval (days)
Plant spacing Submergence

(cm) 5 8 10 15
20x20 2578 2.287® 2.005"¢ 1.587¢f¢ 1.297%"
25%25 1.925pcde 1.642%f¢ 1.348"n 1.447%" 0.96'
30x20 1.932bcde 1.758%f 1.502¢%" 1.6620¢f 1.097"
30x15 2.353® 2.128%¢ 2.200%¢ 1.947Pcde 1.652%f0

S5 ()b dme BB oy gy ot s y3 (S (905l bl S e By gyl (laySilio
* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.

alols g 59,15 (o)Ll dlols o Sy Sid 559 opyiin b Ui 48 15,5 ol (Grant et al., 1989) ) Sen g 5,5
CpyinS s @uyeyio 1 pyS 12076 | jio sl 25%25 cusls Seis odle LialS coles 1 9 gmedhonnl ialS el (Sis
(3 Jgas) w390 Sy Sitd 5 bl ceils alold g ogls oyl blite 51,0 9 00 olS

cayayio yd pyS LAAL L jro 5l 20%20 cusls alols o ailjg,

_ 145 Plant spacing (cm)
-~
:t 10 ] #20%20
:: s —25%25
— a.
%‘: & 30720
; 13 W30*13
= 125
=
3
113
11

Every Day 5 Day 8 Day 10 Day 15 Day
Irrigation

y =-0.053x2 +0.080x + 14.13 y = 0.027x% - 0.448x + 14.39
20%20 R? = 0.991 30x20 R = 0.998
25X 25 y =-0.001x? - 0.259x + 14.07 30%15 y = -0.040%% - 0.072x + 14.43

R? =0.995 R? =0.994

Tp Sy s (jg g S dold g 29l5 (5, lul Jlite J1-1 UK
Fig. 1- Interaction of alternating irrigation and plant spacing on leaf dry weight of rice
e 59518 555,10 ) e g, s wilisy bl il 5 lads dy dy
I3, 15, 13, I and Is: are present irrigation at every day, every 5 days, 8 days, 10 days and 15 days, respectively.
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Introduction

Rice is a global important food and in Asia alone is the source of food for 3.5 billion people. Such demand
for rice imposes a plan to find new technology and approaches to replace old production methods. About 75% of
global rice production is practiced on low lands. At field scale, rice compared to other plants receive two or three
times more water and based on some calculations, about 34-43 percentage of global irrigation water or 24-30
percentage of drinking water consumed by rice plant. In this situation, the most important challenge with regard
to rice production, water storage, increased water productivity and rice production is less than water. Recently,
rice production systems such as rice alternate irrigation, where less water can be produced, has been considered
as rice increasing demand for water in industry and cities have imposed the reduction of water consumption for
agriculture. Rice is one of the most sensitive plants against water scarcity as a floodplain plant and has the most
need for water in the cereals. Rice has the highest crop area than other irrigated plants.

Materials and Methods

This experiment was conducted as split-plot, using irrigation as main-plot at five levels (full irrigation,
irrigation at ever 5, 8, 10, and 15 days), and planting distance as sub-plot at four levels (20x20, 25x25, 30x15,
and 30x20 cm) within format of random complete block design with three replications. The study was performed
in two years (2016-17, 2017-18) in national rice research center. Soil samples were taken to determine the soil
tissue, soil water holding capacity, and some chemical characters including EC, PH, and amount of Ca, Na, and
Mg. Within firs 15 days after transplanting, the rotation irrigation was not employed so the plant be able to
establish in the field. The plowing was performed in two times. The first plow in the late autumn and early
winter and the second plow were perpendicular to the first plowing in the spring. Fertilization was done based on
long term local practice. Transplanting was done in may, 15 and at this time transplants were 20-25 cm height
carrying 4-5 leaves. All traits including stem and leaf dry matter, leaf area index (LAI), crop growth rate (CGR),
net assimilation rate (NAR), leaf area ration (LAR), relative growth rate (RGR) and specific leaf area (SLA)
were measured and calculated. SAS and SPSS software’s were used for analysis of variance. Excel software was
used for drawing slices.

Results and discussion

ANOVA results showed that interaction of irrigation and planting distance were significantly (P <= 0.01)
affected leaf and stem dry matter, LDW, TDW and CGR Individual effects of each treatment significantly
affected the LAl and NAR but did not affect LAR, LWR, RGR, and SLA. As light absorption i a limiting factor
in crops production, then where is no other environmental stress, increasing light absorb will increase crop
production. In contrast to other crops light capture competitions a major issue for rice. Increasing panting
density, vegetative growth and LAI would be lower and as planting density decreases, due to availability more
spaces, both vegetative growth ad LAI increased.
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Conclusion

In general, this study results showed that rotation irrigation significantly affected the rice growth indexes,
and reduction levels of study traits depends on irrigation timing at growth stage. Planting distances showed that
planting at 20x20 cm, provided the most optimum conditions for rice plants under different stress, the worst
conditions resulted in 25x25 c¢cm planting distance. At lower planting density, due to lower competition between
plants till flowering time but after this stage, competition for photosynthetic materials increased among the seeds
which can result in small dead seeds.

Keywords: Competition, Growth rate, Water use efficiency, Water productivity
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Table 1- Total cropping area and the share of main crops in clustered crop density index for 1971
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Table 2- Total cropping area and the share of main crops in clustered crop density index for 2003
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Table 3- Total cropping area and the share of main crops in clustered crop density index for 2011
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Fig. 10- Grouping of the provinces of the country based on the total annual rainfall over 60 years (1951 t0 2011)
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Table 4 Comparison of rainfall situation and average of agronomic density in the provinces of Iran
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2 1 6.3 5.62 1082 486
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6 8 8.4 5.9 218 41

7 12 9.5 7.4 440 97
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Introduction

In the foreseeable future, plants are still the most important source of human food supply, and given the rapid
rise in demand for food in developing countries, the demand for food will increase sharply over the next 20
years. Compression is the most important factor in increasing agricultural production. One of the useful
indicators in determining the compression rate is the use of agronomic index. In Nepal, an applied definition has
been used to compress agriculture, which includes increasing the number of crops per unit area in a crop season,
along with the trend of chemical changes to improve plant performance. One of the important indicators used by
many researchers is made by Boserup (1966). In this definition, agricultural compression means increasing the
cultivation of crops in a given period in an agricultural system., The idea of increasing the frequency of planting
important crops originated in agriculture prior to industrialization and was the only way to increase crop
production in one year. This concept later became more comprehensive by other researchers by adding the
differences in the length of sowing and planting of crops. In a number of studies, the frequency of products
indicating the amount of land use has been used as a compression index.

Methods

In order to study the trend of changes in crop density, agronomy and stability in agricultural production,
statistical data of 15 agricultural variables including crop area and rainfall in different provinces of the country
for the period of 50 years from 1961 to 2011 have been obtained from the Statistical Yearbook, databases The
Ministry of Agriculture, the Center for Statistics of Iran and the FAO Database.

Agronomic index was used to study the land use status of arable land and an aspect of compression including
land cover with one-year cultivars.

Result and Discussion

Based on the average, total agricultural density in 1971, 2004 and 201lwere 9.26, 8.48 and 8.80,
respectively, and the mean of three years was 8.94 months. The lowest index of agricultural density index in
1350 belonged to southern coastal provinces (Hormozgan and Bushehr) and Mazandaran with average of 6.98
and 7.33 months, respectively. In 2004 Guilan and Mazandaran provinces had the least index of 4 and 62.5
months, and in 2011 the lowest rate of this indicator was in Gilan and southern coastal provinces, with a period
of coverage of 63.6 and 5.3 months, respectively. Considering that in most regions of the country more than half
of the cultivated area is allocated to wheat, and also wheat remains on the ground longer than the other crops,
therefore, wheat cultivation owns the most important share in the determination of the index of agronomic
agglomeration (or crop cover). On the other hand, in the northwestern regions due to climatic conditions and
colder periods of time, cereals especially wheat remail on the ground longer ,so the main reason for the higher
index of agronomy in these areas is that wheat is present at the surface of earth. The study of agronomy in the
country's arable crops showed that, contrary to expectation, in areas with higher rainfall the duration of land
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cover is less and soil remains without cultivation a long time in the year, due to the cultivation of crops such as
rice. Therefore, changing the pattern of planting is essential in these areas.

Conclusion
The results of this study showed that due to the dominance of cereal cultivation in cropping pattern, crop
density was affected by the cropping area of these plants. Food security is one of the basic needs and increasing

the production per unit area isone of the important ways to achieve it. So, changing the pattern or planting
system is necessary in areas where compression is low.

Keywords: Cultivation pattern, Follow, Food security
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Table 1- Climatic situation of tomato during entire growth period in Bondarooz and Saadabad regions in growing season

2017-2018
L -
Temperature (°C) o w’b >
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Growth seasons T max T min T mean
395184 o 390184 Sz joolde sblaew  goylan sblaew
Bondarooz Saadabad Bondarooz Saadabad Bondarooz Saadabad Bondarooz Saadabad
Ae 42.2 38.9 15.6 22.7 28.7 33 25.3 23.2
October
ot 35.7 29.1 8.4 16.9 20.9 24.2 55.2 47
November
A 29.9 25.2 4.1 11.9 16 20 63.3 47,5
December
< 26.8 22.9 3.2 10.8 14 17.9 55.7 41.7
January
ook 33.8 25.6 25 13.4 17.4 208 57.4 455
February
— 40.5 325 9.5 15.8 22.6 26.3 37.3 31.1
March
""*'J”_’é 40.8 34.3 12.7 20.1 25.7 29 38 34
April
) 44.4 39.7 18.8 24.4 31 345 25.9 25
May
oSk 36.7 31 9.3 17 22 25.7 44.8 36.9
Mean
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Table 2- Some of physical and chemical properties of the soil at Borazjan and Saadabad regions

e o= S ojere I oS HB Sl LB el STy s & Sl oy
Location Depth  Total N Organic carbon  _w yuwd O pand Sk - Sand  Silt Clay
cm (%) (%) P(mgkg®) P(mgkg® pH — o (006 (%)
g 030  0.035 0.35 6 135 7.8 4.9 67 25 8
Bondarooz
e 030  0.017 0.17 2.56 45 7.9 2.64 85 7 8
Saadabad
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Introduction

Tomato (Solanum lycopersicum L.) is a warm season crop that originated in South America. Tomatoes have
significant nutritional value. In recent years, they have become known as an important source of lycopene, which
is a powerful antioxidant that acts as an anticarcinogen. They also provide vitamins and minerals and serve as an
important source of nutrients in contemporary diets due to readily available fresh fruit and processed products,
their popularity, and the sheer volume consumed. Among the various factors affecting plant growth, optimum
planting pattern plays an important role in preventing plant competition and poor fruit formation. Tomatoes can
be planted in one of many different arrangements that provide adequate space for plant growth. Optimum use of
nitrogen is one of the most important agricultural management factors in achieving proper performance in arid
areas. Nitrogen use efficiency is greatly influenced by nitrogen levels and has an inverse relationship with the
amount of nitrogen applied. The aim of this study was to investigate the effect of planting pattern (single row
and twin row) and nitrogen levels on yield, yield components and nitrogen use efficiency of tomato cv. Karoon
under arid region.

Materials and Methods

Two experiments were carried out at Bondarooz and Saad Abad agricultural research stations in Bushehr
Province during 2017-18 to determine the best planting pattern and nitrogen fertilizer application on yield and its
components of tomato cv. Karoon. The design was conducted as split plot layout based on a randomized block
design with three replications. The main plot included plant pattern treatments in two levels (single row and twin
row) and subplot included nitrogen treatments in four levels (no fertilizer, 90, 180 and 270 kg.ha®). The studied
traits included total fresh fruit yield, marketable fruit yield, total and marketable fruit per plant, fruit weight, fruit
shape index, fruit hardness, chlorophyll index, and nitrogen use efficiency. For statistical analysis, analysis of
variance (ANOVA) and Duncan’s multiple range test (DMRT) were performed using SAS ver. 9.1 software.

Results and Discussion

The results showed that the effect of region, planting pattern and nitrogen levels on the traits of total and
marketable was significant at 1% probability level. The interaction effects of planting pattern and nitrogen levels
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on total fruit yield, marketable fruit yield, total number of fruits, chlorophyll index and fruit hardness were
significant. The highest and the lowest total and marketable yields were obtained from single row planting
method and application of 180 kg net nitrogen per hectare g54.08 and 46.50 t.ha™) and twin row planting with
non-application of nitrogen fertilizer (26.10 and 21.72 t.ha™), respectively. The maximum number of fruits was
36.57 from single row planting and 180 kg Nitrogen fertilizer and the lowest number was 16.15 from twin row
planting and without nitrogen fertilizer application. One of the reasons for this superiority can be the lower plant
space in single row planting rather than twin row planting. The results of combined analysis of variance showed
that only place effect on single fruit weight was significant at 1% probability level. The treatments with the
highest chlorophyll index also had higher yields. Generally at all levels of nitrogen applications and interaction
between planting pattern and nitrogen levels, nitrogen use efficiency decreased with increasing nitrogen fertilizer
application. It may be related to limitation in uptake and sink capacities resulting in a saturation response. In
Saad abad, simple effects of planting pattern and nitrogen on fruit weight had a significant effect at 5%
probability level.

Conclusion

Single row planting was superior to twin row planting on all traits except fruit hardness. Nitrogen in arid
regions can be considered as one of the most important factors affecting the performance and efficiency of
nitrogen use. Single row planting and 180 kg Nitrogen application compared to a twin row planting without
nitrogen increased the yield by 107%.

Keywords: Chlorophyll index, Nitrogen use efficiency, Single row planting, Total fruit number, Twin row
planting
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w—as laas s jl ookl b gl ¢)l50 , oOfficinarum L.)
ladllas s (Haroni et al,, 2015) i wyp g Juloo (souae
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1-Medium-density fibreboard
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Interpretation

of results
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(Soleymani et al., 2017) wlsad yo b3, Udlw - JSWO
Fig. 1- Life cycle assessment structure (Soleymani et al., 2017)

i)l sl ©glite (63,58 asly aw abl oo (Jaioun
gidg edle py> g Joo e (bl p (65)5liS SV guae
dolg il opl ,> .(Nemecek et al., 2011) ool oadds slgiiy
2 (= Bl Sis) g Jpamme 0§ S Ojgods (63,518
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Jold a5 LS (IS gyl adoye (12 53 Sl e 0
L5l pliie anass @l (sLanjye (53,5518 slaisly
(Gonzalez-Garcia et al., 35 0 Laseio usl ' il sla iz
leog, § Jasacuwj Ol )y Bua calllas oyl 45 .2013)
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1- Goal and scope definition
2- Impact categories
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Fig. 2- The system boundary of the studied
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1- Inventory analysis
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Table 1- Input and output and their average value per one hectare of sugarcane (fresh stem) produced

S8 43 lade
osk Quantity per hec:ar? »1.5
ey gyl o) &)l Unit
Plant farms Ratoon farms*
53959
Inputs
ol S0 18454 127.42 hr
Human labor
Sl slagedle 76159 413.98 kg.yrt
Agricultural machinery
> o 363.57 172.78 L
Diesel fuel
tbosd (sladgS kg
Chemical fertilizers
039 184.02 167.94
Nitrogen
s 162.66 -
Phosphate
b poms 26.10 22.30 kg
Biocides
‘S’L'HI_ L'J_] . 24230.75 21940.75 m®
Water for irrigation
N 7125.60 5621.83 kwh
Electricity
S ekt 937152 ; kg
Sugarcane cutting plant
asliw
Output
(5 eBlo) jSuii 100000 82375 kg

Sugarcane (Fresh stem)

e Al Hlex ol £)l50 addllas 3yg0 dilate > *
* In the studied area, ratoon farms are four years old.

adlae cov slag,liw cladas > Gl Sbj)) cas 4 2012)
anlw als yo 3l odel Cowdan (clmodld o 9]y g el £5l50)
S8l s ool b Simapro V8.0.3.14 ,158ls 5 o)l culsas >
clsas > byl loylible s o posee o (a0 il S
.(Kaab et al., 2019; Mousazadeh et al., 2011) il o
0als b ye oy Sl o (ol sE S a9 (580
Jsme 48 T(ECOX) coliipg (asls ol cov Japmocun;

C;|)_'3‘| Ea—oro od 2> ylii g lsa Sy ngl_.{)')l el

2- Eco-Index

2l oSl aee pgle 0Siinghy buwgi gy oyl
s 3 030l gl iy &5 Gl _lbsby, 3l WS 5 0k )
(Guinée,»)ls old dilate 4 jolaid] g oss b ol
il o Nyt slgo 4l 3l ailo Ve ol )5S o 39,2002)
il 42 glall (Sle pileS Joily «slazbys Bl (o ad
Lo Cuagome ((raw ol Cuagans dogludl Congane
ST g S5 ooy o o3l

.(Milutinovi¢ et al., 2017; Romero-Gamez et al., 1_sb .

1- Leiden
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o1 Jlays ke N (105 a8ls) S o Sy (60,55 o
olie 1S o any byye (js Wi o5 09,8y & bogse

Y adsleo 5l ool ol b el oo nosn VT glgil jLis)  Jausocom ;

(Mollafilabi, 2019) L amwlxe
EcoX = Z N; x W, (V) asleo

«lilds caldpey Jaoe asli (ECOX cdslzo wl D as

Lyl 51 0108 2 saly g dled ¢ 51 b yis —F Jgun
Table 2- Impact categories, symbol and unit of each of them

S sla s sles sl
Impact categories Symbol Unit
“%l’?hl"% AD kg Sb eq.
Abiotic depletion
o8 e AC kg SO, eq.
Acidification
dlbb).} dl.u>l -3
o EU kg (PO,)” eq.
Eutrophication 9 (PO.)"eq
e ol GW kg CO, eq.
Global warming
Sl aY lai
olRTo=et oD kg CFC11 eq.
Ozone layer depletion
Bold] Congons HT kg 1,4-DB eq.
Human toxicity
b o] Cogene FAET kg 1,4-DB eq.
Freshwater aquatic ecotoxicity
Al slao Cngons MAET kg 1,4-DB eq.
Marine aquatic ecotoxicity
SE Cogene TE kg 1,4-DB eq.
Terrestrial ecotoxicity
st gl PhO kg CH, eq.

Photochemical oxidation

9 &8> cp iy L 4K (n i 4 (lsiod sy SR (0059
S 0g daled plbolin! aus o Sl dbol las oy 28
M (e slaa¥ ol Gilear b 4 plod Slpis ol
' Syra b gl Jleb b g Jald o3 i ol 25 >
MR Sl 2590 At b 8L (sl il S e @l
(Safa & :0LY slad bl jl wilo)le 4 S 05,5 o

Samarasinghe, 2011)

1- Activation function

S HHa0 guas dSud
e s Sloosi ¥V i (ngte sl Cend ol >
sl Sl g > Gl (Spae Gbrodls 4 4295 b Jpas
b odlitul egimn uas &b sla e Sl ol 5 ey el
(5509 Sle) (539)5 & Jold il £)lje )3 4l Hlis L
poo— ¢ySis dold iyl ¢ J 33 g ¢ Sl 59
Ve ol g (lind 595 9 ()39, 355 (Byme o ¢ pliand
b o5l &lze 3 Bl ccunl ((Jaomecunsj sl yadli) (295
(Sl o5 «5)ogltS Glaietle) 539y i Joli aSs
(land 35 5 (B pae Ol ¢ aliard pyam iy S| (Jjad S g0
Ol el (et sl padll) (295 Ve ol
olgd> CE L 1) (2955 5 (639)9 O datly o St 3B eSS
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(Renouf et al., 2010) (3951, 9 Culy £)150) sSwing SWlgi (514 )50 aiaane 1L - Jgun
Table 3- Direct emissions from sugarcane production (plant and ratoon farms) (Renouf et al., 2010)

POC WA  ve] asly Syl
Direct emissions Unit Quantity
I & ,Lics!
Emissions to air
o g.t* cane 90
Methane (CH,)
S8 gige (4 (6 ot cane 6
Nitrous oxide (N,O)
) ] Gis A g.t* cane 33
Nitrogen oxide (NOy)
P59 Ly Stogel g.t* cane 120
Ammonia (NHz and NHy)
51 gi9n "”’5 g.t* cane 3944
Carbon monoxide (CO)
g
S 255 g.t* cane 41
Sulfur oxide (SOx)
Al ek 48, Il LS 5
e g ylp Jels 1
. 204
NMVOC | g.t" cane 0
s % applied P 0.59
Phosphorous (P)
ol a il
Emissions to water
s)b 5 s gb
0“")]"_) T o % appl.N (as NOs-N) 6.5
leaching Nitrate via
Ollgy 5l Jols yaus
Pl Sl ol yind % appl. P (as P) 12.8
Phosphorous via runoff
by, ) ol S sl L .
0300 Jw_ oS % active ingredient 15
Pesticide via runoff
Ul 5 ol 3 kg COD?.ton™ cane 43
Sugar via runoff
S L
Emissions to soil
81 992 Lig s 53 % appl. N (as N;O-N) 1.72
N,O
'\"“5”’:]”59” < %deposited NOy—N and NHz;—N 2.58
2
J‘-’*‘g] u)ﬁ)*“ 0,
% I.N NOx-N
NOy, 6 appl. N (as NOx—N) 451
(2 ol Jl ol 281 53 02 t CO,.t* lime
CO, from liming 0.4
oys 5l Jols Sligal
29 ite % appl. Urea N (as NH,—N
NH; from urea > app ( «N) 25

1- Non-methane volatile organic compound
2- Chemical oxygen demand
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.15 oslizwl Matlab (R2016b)

S asl 95 asaaCua y Ol 4l (b))
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(Kiani et al., 2010) 555 0 dwloro & adlre 3l 5 ol

M
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(V) aslo
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2- Logsig
3- Tansig
4- Levenberg- Marquardt
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Table 4- Environmental indicators for sugarcane production per one ton of sugarcane (fresh stem) in plant and ratoon

farms
Al s>ly e )l30 0¥l &)l5
Impact categories Unit Plant farms Ratoon farms
e Slge 4d55 kg Sb eq. 0.80 0.63
Abiotic depletion
08 s kg SO, eq. 0.516 0.34
Acidification
izl gl kg PO, eq. 0.165 0.097
Eutrophication
e el kg CO, eq. 126.51 103.95
Global warming
ol 4Y glas kg CFC-11 eq. 0.000011 0.00000104
Ozone layer depletion
ol Cogeme kg 1,4-DCB eq. 111.93 64.42
Human Toxicity
b oo Coogee kg 1,4-DCB eq. 29.30 19.34
Freshwater aquatic ecotoxicity
T u’ Cuo
_") o ! oy kg 1,4-DCB eq. 51636.91 35448.06
Marine aquatic ecotoxicity
S Cogonne kg 1,4-DCB eq. 1.42 0.416
Terrestrial Ecotoxicity
o5 (gl kg C,H, eq. 0.12 0.03

Photochemical oxidation
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il £)l50 5 (5 Blw) Sl o G 5l T S isy -Y S
Fig. 3- Impact categories per one ton of sugarcane (fresh stem) in plant farms
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Fig. 4- Impact categories per one ton of sugarcane (fresh stem) in ratoon farms
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Fig. 5- Comparison of environmental impacts between plant and ratoon farms in sugarcane production
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(Elhami et al., 2016 a,b)

» Ratoon Sugarcane Production

5 Sl g (oo Sl oy 0 b (slaslllae

AU sloeg,S (sl e S oYL sl ol 151
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Table 5- Artificial neural network performance for modeling the environmental indicators of sugarcane production in
planted farms

s 30 095! 5
Title Train Test Overall
NH;* NH,** MAPE (%) RMSE R® MAPE (%) RMSE R? MAPE (%) RMSE R?
L?"fé e ‘*‘l"’ 10 5 0.14 0.132 0.964 0.540  0.089 0.974  0.60 0.125 0.970
Abiotic depletion
‘{*‘?f‘*‘f' 0 5 0.007  0.116 0981 0.740  0.091 0.983 0.009  0.106 0.992
Acidification
“'*‘?“”_5“%' 10 5 0.176  0.111 0.984 0.894  0.112 0985 0.564  0.115 0.992
Eutrophication
@LP'J*L‘{S 10 5 0.005  0.105 0.986 0.074  0.168 0.981 0.064  0.132 0.989
Global warming
ol aY plail 10 5 0.015  0.163 0.964 0.043  0.198 0.943 0.054  0.175 0.953
Ozone layer depletion
sl Cao
ol i 0 5 0.028  0.254 0.896 0.016  0.163 0.912 0.032  0.138 0.960
Human toxicity
‘5“”3 - 10 5 0.187  0.112 0963 0990  0.106 0.974 0.860  0.099 0.978
Freshwater aquatic ecotoxicity
]T u’C,w:
2 “L"’"_ - 10 5 0113  0.124 0979 0.086  0.138 0973 0.115  0.126 0.960
Marine aquatic ecotoxicity
“ﬂ'f“*”‘““" . 10 5 0.009  0.098 0986 0.013  0.102 0.984 0.011  0.095 0.983
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Introduction

Sugarcane (Saccharum officinarum L.) cultivation as a strategic product with a high sugar content and having
side products can play a major role in addressing this need and disconnecting dependence. Life cycle assessment
in recent years has become an appropriate tool for assessing environmental impacts in agricultural and food
industries. The purpose of this study was to evaluate the environmental impacts of sugarcane production in Imam

Khomeini Sugarcane Agro-Industrial Company (IKSAIC) with the life cycle approach and predict the amount of
contaminants released according to inputs using artificial neural network.

Materials and Methods

This research was carried out in IKSAIC as one of the seven companies affiliated to the sugarcane
development and related industries of Khuzestan province during 2017-2018. In a life cycle assessment project,
all production processes of a product, from the stage of materials extraction to disposal of the remaining waste
from the product (from cradle to grave) are reviewed and the results of the reduction of environmental
degradation are used.

Each life cycle assessment project has four essential steps as follows:

1. Goal and scope definition

2. Life cycle inventory

3. Environmental impact assessment

4. Interpretation of results

Artificial neural network models were used to predict the environmental contamination of the product due to
different inputs used in sugarcane production for plant and ratoon farms.

Results and Discussion

Assessment of environmental impacts of sugarcane production

In order to evaluate the reduction of environmental pollutants in sugarcane production, the entire life cycle of
the product was investigated from primary sources extraction to harvesting in a field at plant and ratoon farms,
separately. Ecoinvent databases were used to access needed information and data analysis was done with
Simapro software.

In this study, the global warming potential per product in plant and ratoon farms is estimated to be equal to
126.51 and 103.95 kg CO,, respectively, which is due to the burning of sugarcane branches before harvest. The
studies also show that agricultural machinery and electricity have the most impact on this sector.

In order to better interpret the results of the other functional unit, it was considered as a unit of land. This
means that all indicators were calculated per hectare of production. When the functional unit is calculated on the
unit basis, the differences in the products are ignored for the different performance levels in the results.
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Assessment modeling of environmental emissions sugarcane production

Based on the results, in modeling for sugarcane production in plant farms, 9-10-5-10 structures with nine
inputs, two hidden layer with 10 as well as 5 secret neurons and 10 output parameters were identified as the best
structure. For this structure, R?>, RMSE and MAPE were calculated. While the R? coefficient for the human
toxicity index and the marine aquatic eco-toxicity were obtained with the lowest values of 0.960, RMSE for
these indices were calculated as 0.138 and 0.126 respectively. Furthermore, highest values of R? coefficient for
the acidification and eutrophication index of the lake were resulted about 0.992, whereas RMSE were computed
about 0.106 and 0.115) respectively. Also, in modeling for sugarcane production in ratoon farms, the structure of
7-9-6-10 with seven inputs, two hidden layer with 9 and 6 secret neurons, and 10 output parameters are
determined as the best structure. For this structure, R?>, RMSE and MAPE were calculated and R? coefficient was
obtained with the lowest value of 0.985, while RMSE for this index was 0.164. In addition, R® for the
acidification index was calculated with the highest value of 0.995, whereas the RMSE for this index was
calculated to be 0.116.

Conclusion

The results of the evaluation of product life cycle showed that the global warming potential in plant and
ratoon farms was estimated to be 126.51 and 103.95 kg CO,, respectively. Results of artificial neural network
modeling indicated that the best structure of the neural network to predict the environmental contaminants of
sugarcane production, is 9-10-5-10 and 7-9-6-10 for plant farms and ratoon farms respectively.
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth

5T ) e
Characteristics Unit Amount
o % 38.12
Sand
W
: % 44
silt °
o % 17.88
Clay
o % 0.97
0.C.
Sl odle % 1.68
O.M.
S ds.m 1.09
EC
e 7.42
pH
J{ Oy 9 % 0.08
Total N
0B el mg kgL 320
Available K
0 BB i mg.kg™! 10
Available P
ool mg.kg* 5.67
Fe
e mg kgt 16.72
Mn
-l mg.kg? 1.69
Cu
<9 mg.kg* 0.66

Zn
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Fig. 1- Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures (T, and
Tmax respectively) and relative humidity (RH) during 2017- 2018 growing season
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Table 3- Mean comparison for effects of irrigation regime, N fertilizer source and residue on chlorophyll content,
spikes No.m™, harvest index and plant height of barley

PPt Jedg I8’ glgime &0 505> Al daxs Cudlays padls Gy gW)!
Eactor Chlorophyll content Spikes No. m™? Harvest index (%) Plant height (cm)
el w3
Irrigation regime
Collae 43.07" 698.3% 40.19° 60.4°
Normal
wl O 43.26° 686.1° 38.91° 63.8°
Water stress
T
Fertilizer
. £
)‘;\T 40.07° 551.7° 42.07° 51.7°
0
££
100 48.55° 831.1° 36.37° 73.8°
NlOO v
el 355 43.81° 767.2° 40.97 70.8°
Bio + Ngg
L. 35§ ¥¥
) 40.23° 618.9° 38.79% 52.8°
Bio
L,
Residue
. WL L‘_ 44.14° 701.9* 40.49° 61.3°
With residue
. bis ")’"\i_ 42.19° 682.5 38.61° 62.9°
Without residue

EE (aals) 1o 15 59505 p S ek o IE )05 doyd gy Jles] gdaw ) ()b e BB (Sl (lately dix yg05T wliol pr gt s )3 aliie gy b (slaySile *
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* Means in each column followed by the same letters are not significantly different at 5% probability level using Duncans

multiple range test. N, no nitrogen fertilizer (control); Nyg, 100 kg N ha™; Bio + N, Biofertilizer (Azospirillum brasilense) + 50 kg N
ha™; Bio, Biofertilizer (Azospirillum brasilense).
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Table 4 - Interaction effect of irrigation regime x nitrogen source on grain yield, 1000-grain weight and
spike length of barley

P s . 413 3,5dos e fem Aot
Sl w23, 0397 35 & Grain vield b 13 o3 Spike Ie‘rj19]:h
Irrigation regime Nitrogen fertilizer source (kg h){:l'l) 1000-grain weight (g) P (mm)g
. £
e 2648.3" 42.61° 17.5°
No
££
B 100 3843.1° 45.06* 46.6°
‘7’91']“" LS)L.‘.J.l NlOO
Normal irrigation sl >,§¥ 4049.12 44.50° 44 12
Bio + Nso
. '39§¥¥
) - 2578.4° 44 42 25.0°
Bio
. £
e 2008.8° 36.40° 18.3°
No
££
. 100 2068.6° 23.46° 46.6°
ol o N 100 y
Water stress bl 38 2956.1° 26.62° 47 5°
Bio + Nso
L. ¥¥
Wéfﬁ 2009.6" 35.37° 18.3°
10
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* Means in each column followed by the same letters are not significantly different at 5% probability level using

Duncans multiple range test. No, no nitrogen fertilizer (control); Ny, 100 kg N ha™; Bio + Nso, Biofertilizer (Azospirillum
brasilense) + 50 kg N ha'*; Bio, Biofertilizer (Azospirillum brasilense).
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Fig. 2- Interaction effect of irrigation regime, residue and nitrogen source on seed No. per spike of barley
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The means followed the same letters are not significantly different at 5% probability level using Duncan's multiple rang test Ny, no

nitrogen fertilizer (control); N1g, 100 kg N ha; Bio + Nso, Biofertilizer (Azospirillum brasilense) + 50 kg N ha and Bio,
Biofertilizer (Azospirillum brasilense).
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Fig. 3- Interaction effect of irrigation regime, residue and nitrogen source on biomass yield of barley
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The means followed the same letters are not significantly different at 5% probability level using Duncan's multiple rang test. Ny, no
nitrogen fertilizer (control) ;N;00, 100 kg N ha*; Bio + Ns, Biofertilizer (Azospirillum brasilense) + 50 kg N ha™* and Bio,
Biofertilizer (Azospirillum brasilense).

iy Sl g gne Jlainl g (y500)S) calps S S

OB g sgh) ool Lulyd )3 o> aib o Sles ey 50 03
Cowdd ol & dogi b aaad o plis 1) (2o J5 5 oy (Sis
ogby buly b g3 ya ,0 e il 3 ,Sles ooy Ableo coke]

b dgeyd pj Oygod
GY =-3427.553 + 0.385 X; + 78.363 X, + 10.354 X3 +
13.608 X4- 0.102 X5 — 3.234 X — 45.865 X; + 1.485 Xg

(sby slleo L)
GY =-1753.207 + 0.398 X; +52.580 X, — 4.633 X3 +
4.146 X, +0.049 X5 + 0.830 X5 — 66.073 X7 —4.074 Xg

(5235 5 o (ol 25 Ll 3)

GlSsip kg S5 0323 5 ool Shuasan

g Slino (olad b gy Cgllae Lalyd 5> ails 5 Sles
e o2 S i)l slgme 9 &l Jlin g e addlla
3pShos (Simmson b 0 Jsi2) O ol oine 5 Cue
L e 5 (1= 0/799™) 0385 Cauny j ySas b bty ] 55 il
077437 aliw ;5 &ils 3laws o (1= 0/744™) mypoyio 5 aliias slass
bulyd p3 4l 3y Sloe (Stusod oyl S (S)90)3 290 (=
0 b ol 5w o (1= 0/773%) sdgican; 5,Sles b ol Lis
(5 Jgdo) s oanline (r =0/4T7%) cuils



1399 ,leg « Loyl (12 alor o30S owlicis pop 4y 120

@35 9S) 9> il 3,Sos g iy 43 Wlio (5,15 gre Jlokinl gt pr3lie (SE) 5,uibiw! aliidl (D) (ygams5 5 s 3 g 03w (Sinod -5 Jou>

S sk s gmee S ) 40355 31 03liial U (235 5 o (ot A 5 (gl sl bl 3 (U 53
Table 5- Simple correlation and regression coefficient (b), standard error (SE), T-value and significance level in barley grain
yield (kg.ha™) prediction under normal irrigation and water stress after anthesis conditions using multiple linear regression

analysis
(Ko 3 ; ol Jless!
Sl w25, olie o5lw uzz;é;;"r ST e Soldsxe
Irrigation regime Characters Simple - Standard T-Value J
coefficient (b i
correlation (b) error (SE) Sig. (Prob>IT))
03 3,5koe 0.799" 0.385 0.044 8.810 0.000
Biological yield (X,)
Cuiby patls 0.543™ 78.363 4.708 16.646 0.000
Harvest index (X»)
ob ol oy 0.196™ 10.354 14.401 0.719 0.483
1000-grain weight (X3)
, i 53 1> S 0.743" 13.608 11,031 1234 0.236
ool gyl Seed no. per spike (X4)
Normal irrigation G ie 2 e Sl 0.744™ 0.102 0.335 -0.305 0.764
Spike no. per meter (Xs)
o .ﬁw)‘ 0.445" -3.234 6.418 -0.504 0.662
Plant height (X¢)
e b 0.631" 45.865 74.436 0616 0.547
Spike length (X7)
Je)lS glgime 0.309"™ 1.485 6.586 0.225 0.825
Chlorophyll content (Xg)
|05 2,Sles 0.773" 0.398 0.014 27.707 0.000
Biological yield (X,)
Cuiby etld 0.477" 52.580 2.235 23525 0.000
Harvest index (X»)
ob ol oy 0.104™ -4.633 3512 -1.319 0.207
1000-grain weight (X3)
. i ) &l a_m' 0.179™ 4.146 3.562 1.164 0.263
ol s Seed no. per spike (X4)
Water siress e oy 0.178™ 0.049 0.125 0.392 0.700
Spike no. per meter (Xs)
o .ﬁw)‘ 0.508" 0.830 2.358 0.352 0.730
Plant height (X¢)
el Jobo 0.263™ -66.073 21.435 -3.083 0.008
Spike length (X7)
ol lyioee 0.416" 4,074 2.715 1,500 0.154
Chlorophyll content (Xg)
sl ! Y-intercept (a) = -3427.553 SE =761.271 Adjusted R? = 0.977 R?=0.985
Normal irrigation
of 55 Y-intercept (a) = -1753.207 SE =205.846 Adjusted R? = 0.989 R?=0.993

Water stress

b ixe BMAT (ol NS o yd gty § S Jloin | grdaws 53 45 dme s gy FF g *

*and **: significant at the 5% and 1% probability levels, respectively. ns: Non-significant.
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Introduction

Inappropriate use of chemical inputs damages soil beneficial microorganisms and consumer health. In order
to reduce or eventually eliminate chemical inputs, bio-agroecosystems was founded. Azospirillum is one of the
most studied genera as nitrogen fixing bacteria in agroecosystems. About 70 percent of the experiments have
demonstrated the Azospirilum ability for increasing crop yield. Furthermore, some studies have shown that
Azospirilum has a stress-reduction mechanism. Therefore, it seems that the Azospirilum is a suitable
microorganism for low yielding conditions (water and N) of southern Iran. On the contrary, with respect to the
importance of soil organic matter for microorganisms survival, its deficiency in soils of southern Iran is the
biggest challenge for using the microorganisms as biofertilizers. Also, experiments on the interactive effects of
crop residue, water deficiency and N sources (biological or chemical) on barley yield are quite scarce in southern
Iran. Therefore, the aims of this study were to investigate the effects of crop residue management, different N
sources (such as biological and chemical) and water stress conditions on barley yield in arid conditions of
southern Iran (Fars province).

Materials and Methods

This research was conducted at the experimental farm of the Darab Agricultural College of Shiraz University
during the 2017-2018 growing season. A split factorial layout based on a randomized complete block design
with three replications was used. Treatments included: two irrigation levels as the main plots [1. Normal (IRy):
irrigation based on the plant's water requirement up to the physiological maturity and 2. Deficit irrigation (IRp)):
irrigation based on the plant's water requirement up to the anthesis stage (cutting of irrigation after anthesis)].
Also, subplots were two levels of plant residues [1. without residue, 2. returning 30% of wheat residues to soil]
and four fertilizer sources [No, no nltrogen fertilizer (control) ;Nigo, 100 kg N hal; Bio + Ng, Biofertilizer
(Azosplrlllum brasilense) + 50 kg N ha™ and Bio, Biofertilizer (Azospirillum brasHense)] Biological yield and
grain yield, yield components, plant height, spike length and chlorophyll content of flag leaf were measured.
Then, the harvest index was calculated. Data were analyzed by using SAS 9.1 software and the means were
separated using Duncan’s multiple range test at 5% probability level.

Results and Discussion

The results showed that the cutting of irrigation after anthesis could cause severe water stress in the grain-
filling period of the barley life cycle and consequently reduction of 1000-seed weight, the number of seeds per
splke and the number of fertile tillers per m% The interaction effect of irrigation regime x N fertilizer source on
grain yield was significant at 1% probability level. The highest grain yield was achieved in IRy and Bio + Nso
(4049 kg ha™). Water stress reduced grain yield at all N fertilizer sources as compared with IRy. However, this
reduction was different in N fertilizer sources (24.1%, 46.8%, 44.3% and 22.1% in Ng, N1g0, Bio + N5 and Bio,
respectively). With respect to the lowest amount of grain yield reduction due to water stress in Bio and then in
Ny treatments and economic considerations, N treatment can be recommended for use in the cutting of irrigation
after anthesis (IRp)) strategy.

Conclusion
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According to the results of this study, the highest barley grain yield achieved by the integrated N fertilizer
[Biofertilizer (Azospirillum brasilense) + 50 kg N ha] in normal irrigation. Deficit irrigation after anthesis
significantly decreased barley grain yield at all N sources. Therefore, this irrigation regime was not
recommended for barley farms of southern Iran. But if farmers intend to the cutting of irrigation after anthesis
because of water resources deficiency, with respect to the lack of significant difference among N sources in this
condition, it is recommended that no N fertilizer is applied.

Keywords: Azospirillum bacteria, Biomass yield, Harvest index, Inoculation
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Fig. 1- Emergy flow diagram of potato agricultural ecosystems in Gorgan County
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Table 1- Average climatic and edaphic variables over a long run in Gorgan County
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Table 2- Specifications and formula of emergy-based indices for evaluation of potato farming ecosystems
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Renewable environmental inputs Renewable flows from free local resources etal., 2019
. A 53 pdlinses lyied o I (oo glie 1l egilly slapl >
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: g 0 4.._9)5 sgharipour
Non-renewable environmental No . etal. 2019
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RhS lil slaesds)g Fr Gk @l 1 pdpnies sl Asgharipour
Renewable purchased inputs Renewable flows from purchased resources etal, 2019
il )ik clacedg Ey ik @b 5l pibnies clagl Asgharipour
Non-renewable purchased inputs Non-renewable flows from purchased resources etal., 2019
I 5l 52909 Wy ol jl coles (sl 5l 3550 (S50l i S Asgharipour

’ U=R+Ny+Fr+Fn
Total emergy input
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Total emergy output
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550l (0 5 R+FR
S0 SRR %R = x 100
Emergy renewability §)
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Soreld : sl EYR= —
Emergy yield ratio FR + FN
8557) IS lo o oo FREFN
Emergy investment ratio R+ NO
e (6351 Cas NO + FR+FN
. . . ELRR=——""——
Environmental loading ratio R
Sirl sl pasls gl = YR
Emergy sustainability index ELR

Total emergy resources required to support the production system ¢t al., 2019
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etal., 2019
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Amount of emergy required to produce an output unit in joules.
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Brown &
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Odum, 2000
Percentage of the renewable energy used by the system
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Table 3- Natural and economic flow, renewabilities, transformities and solar emergy for autumn potato

sy oo G i g g .. 37 . ,
sl . . . . a9 (5550 L ey ple
S 9 pls Srdydaad S )95 LS
Item Unit R 1 R i bili . formi Solar emergy (sej " References'for
aw annua enewability Solar transformity ha! yr') Solar emergy transformity
flow factor (sej unit™) (%)
JERVRRE S IO LTI
Renewable environmental inputs
Jsﬂj’i? L’t’ J 1.36E+11 1 1 1.36E+11 0 Odum (1996)
unlig
R “ﬁ": " ] 2.47E+10 1 2.30E+04 5.68E+14 3.32 Odum (1996)
amita
Wfb‘ q J 9.95E+10 1 1.86E+03 1.85E+14 0 Odum (1996)
1N
S i‘t?t | 5.68E+14 3.32
ubtotal
riglnaed daswo sla 63959
Non-renewable environmental inputs
SB el e J 5. 76E+09 0 9.42E+04 543E+14 3.18 Ghaley et al.
Soil erosion (2018)
iy J 2.13E+10 0 1.92E+05 4.09E+15 2397  Cuadra & Rydberg
Ground water (2006)
S i‘t?t | 4.63E+15 27.10
ubtotal
Sk sg9 )9
Purchased inputs
| OleRs s g 2.03E405 0 4.84E+09 9.83E+14 5.75 Ghisellini et al.
Nitrogen fertilizer (2014)
Jamd 368 Ghisellini et al.
1.26E+05 0 4.97E+09 6.26E+14 3.66
Phosphorus fertilizer & (2014)
ot 2 g 8.47E104 0 1.40E+09 1.19E+14 0.80 Ghisellini et al.
Potash fertilizer (2014)
3,58 368 Martin et al.
4.11E+04 0 6.94E+07 2.85E+12 0.02
Sulphur fertilizer & (2006)
b g 1.30E+07 0.80 1.62E+08 2.11E+15 12.34 Ghaley et al.
Manure fertilizer (2018)
oS ale Bastianoni et al.
1.02E+03 0 1.13E+10 1.15E+13 0.07
Herbicide & (2001)
S oyl Bastianoni et al.
2.12E+02 0 1.13E+10 2.40E+12 0.02
Insecticide & (2001)
Sk g 8.69E+02 0 1.13E+10 9.82E+12 0.06 Bastianoni et al.
Fungicide (2001)
&Yl owile Campbell et al.
Machinery g 1.29E+03 0 1.01E+10 1.30E+13 0.08 2005)
S)A*d g 4.31E+06 0.37 9.20E+08 3.97E+15 2322 Zhai et al. (2017)
CC
. “: n f“”* . 1";’,‘“ t J 1.86E+10 0 8.48E+04 1.58E+15 9.24 Bra“é‘b‘é’;;mm
0SS1 €l and lubricant
H&)S s f‘é’” J 7.30E+08 0.10 2.22E+06 1.62E+15 9.47 Lu et al. (2009)
uman labour
E‘r‘:fﬂl J 2.29E+09 0.02 3.62E+05 8.29E+14 4.85 Odum (1996)
ectricity
S %’:?t | 1.19E+16 69.58
ubtotal
J;f‘l’ 1.71E+16 100.00
otal
228 2 Sl J 1.14E+11 1.50E+05 1.71E+16 Calculated

Tuber yield
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Table 4- Natural and economic flow, renewabilities, transformities and solar emergy for spring potato

b ad L. . . s s . T
S oly Al oy s oy | S A S Syt el et S5l B e pd Bl
& ; - ORI SRNRA Solar transformity  Solar emergy (sej Solar emergy References for
Item Unit Raw annual flow Renewability (sej unit™) ha yrl) (%) transformity
factor

sdgaad e (sla 63,9
Renewable environmental inputs

0% 07 J 1.36E+11 1 1 1.36E+11 0.00 Odum (1996)
Sunlight
b
o ] 2.47E+10 1 2.30E+04 5.68E+14 3.23 Odum (1996)
Rainfall
L
> ] 9.95E+10 1 1.86E+03 1.85E+14 0.00 Odum (1996)
Wind
& 5.68E+14 3.23
Subtotal
FURCLERVRE S L TSP
Non-renewable environmental inputs
SB il ©Ls
Uy 2 J 5.76E+09 0 9.42E+04 5.43E+14 3.09 Ghaley et al.
Soil erosion (2018)
IR ] 4.15E+10 0 1.92E+05 7.97E+15 4523  Cuadra & Rydberg
Groundwater (2006)
& 8.51E+15 4837
Subtotal
Ssl3k sRg39)5
Purchased inputs
i e 2.29E+05 0 4.84F+09 LIIE+5 631 Ghisellini et al.
Nitrogen fertilizer (2014)
b e 1.10E+05 0 4.97E+09 5.47E+14 3.11 Ghisellini ct al.
Phosphorus fertilizer (2014)
G o
o ”g ) g 7.41E+04 0 1.40E+09 1.04E+14 0.59 Ghisellini et al.
Potash fertilizer (2014)
255 %5 e 2 57E+04 0 6.94E+07 1.78E+12 0.01 Martin et al.
Sulphur fertilizer (2006)
|
b e 2.27E+06 0.80 1.62E+08 3.68E+14 2.09 Ghaley et al.
Manure fertilizer (2018)
Sl janoni
oSk g 3.70E+02 0 1L13E+10 4.18E+12 0.03 Bastianoni et al.
Herbicide (2001)
S0yt Bastianoni et al.
0.00 0 1.13E+10 0.00 0.00
Insecticide & (2001)
i ianoni
e e 0.00 0 1.13E+10 0.00 0.00 Bastianoni et al.
Fungicide (2001)
e psle
o g 8.29E+02 0 1.01E+10 8.37E+12 0.05 Campbell ct al.
Machinery (2005)
S’”‘d g 3.50E+06 0.37 9.20E+08 3.20E+15 18.15 Zhai et al. (2017)
CC
0590 9 (S S g J 1.39E+10 0 8.48E+04 1.18E+15 6.70 Brandt-Wiliams
Fossil fuel and lubricant (2002)
s
S s ] 9.01E+08 0.10 2.22E+06 2.00E+15 11.36 Lu et al. (2009)
Human labour
iy Sl
~ J 0.00 0.02 3.62E+05 0.00 0.00 Odum (1996)
Electricity
&o> 8.54E+15 48.40
Subtotal
&S e 1.76E+16 100.00
Total
2 ] 6.94E+10 2.54E+05 1.76E+16 Calculated
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Table 5- The values of emergy indices and their significant level in comparisons between autumn and spring potato
production systems

oL sl ol ey o, plliiegy Probability > |{]
Index Unit Cool season ecosystem Warm season ecosystem
s oy sej.j 1.50E+405 2.54E+05 *x
Transformity
LS;)‘" df"i-\’m % 12.78 %%
Renewability
el 28as S - 2.06 *x
Emergy yield ratio
il IS ale y o _ 0.94 *%
Emergy investment rario
e L S - 29.10 30.02 *
Environmental loading ratio
Sl ol pasls _ 0.07 *k

Emergy sustainability index

E3
Loy S g gl Jlein e ()b e i Sa

EJES

*and™*: Significant at 5 and 1% probability level, respectively
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Introduction

Agricultural intensification has had negative effects on the environment. The sustainability in the agricultural
systems that provides sufficient food on the one hand and maintains the quality of the environment on the other
hand, is very important. In assessing the sustainability of agricultural systems, the contribution of both
environmental and economic resources must be taken into account. Emergy analysis has many indices in which
the efficiency, renewability, environmental burden, and sustainability of a system can be assessed in terms of
environmental and economic. The purpose of this study was to evaluate and compare the resource use efficiency
and sustainability indices for two autumn and spring potato systems and provide suggestions for optimum and
sustainable management of the crop.

Materials and Methods

In this study, two production systems of potato were evaluated using emergy sustainability indices in Gorgan
County, Iran during the period of 2017-2018. To this end, 100 and 60 farms were selected for autumn and spring
potato, respectively. To analyze the production systems, the spatial and temporal boundaries of the system were
defined and resources were divided into four categories: renewable environmental sources (R), nonrenewable
environmental resources (No), purchased renewable resources (Fr), purchased nonrenewable resources (Fn).
Emergy flow for each item was multiplied by their transformities in joules and grams. In this study, emergy indices
were calculated and compared by t-test between warm and cool production systems.

Results and Discussion

Total emergy inputs for the autumn and spring potato production were estimated as 1.71E+16 and 1.76E+16
sej ha! year!, respectively. In autumn potato production, dependence on purchased inputs was higher than
environmental inputs, while in spring potato production, the dependence of environmental inputs was higher than
purchased inputs. Groundwater emergy was the largest emergy inputs of the total in both autumn and spring potato
production systems with a share of 23.92% and 45.28%, respectively. In autumn and spring potato production
system, transformities were 1.50E+05 and 2.54E+05 sej j!'; emergy renewabilities were 22.85% and 12.78%;
emergy yield ratios were 1.44 and 2.06; emergy investment ratios were 2.29 and 0.94; environmental loading ratios
were 29.10 and 30.02; and emergy sustainability indices were 0.05 and 0.07, respectively. There is a significant
difference between the emergy indices of the autumn and spring potato production systems. Despite the higher
contribution of environmental resources in the spring potato production system, the high consumption of
groundwater as a non-renewable input led to an increase in environmental burden. The use of new irrigation
methods will improve water consumption and, as a result, reduce environmental pressure on ecosystems. The
autumn production system was more favorable in terms of yield and resources use efficiency, renewability and
environmental sustainability than the spring production system. The economic sustainability of the autumn potato
production system was slightly lower than that of the spring potato production system, largely due to the
unreasonable use of purchased inputs such as seed and fossil fuels. Optimum management of inputs such as seed
and fossil fuels will increase economic sustainability in the autumn potato production system. The optimization of
economic inputs will increase economic sustainability in production systems (Kohkan et al., 2017).

1 and 2- Ph.D. Student of Agroecology and Associated Professor, Department of Agronomy, University of Zabol, Iran,
respctively.

3- Associated Professor, Department of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources,
Iran.

(*-Corresponding author: mramroudi42@uoz.ac.ir)

Doi:10.22067/jag.v1211.81189



199 leg ¢ ) o louds IY Wl 105 3y9LiS owliis ooy yii VY

Conclusion

Two autumn and spring potato production systems in Gorgan had significant differences in terms of resources
use efficiency, input renewability, environmental burden and ecological sustainability. The autumn potato
production system was more favorable in terms of resources use efficiency and environmental sustainability. The
economic sustainability of the autumn potato production system was slightly lower than that of the spring potato
production system. Optimizing inputs through the use of appropriate seeds (size and recommended amount), the
use of soil tillage and modernization of machinery and diesel engines of the well will increase the economic
sustainability of the autumn ecosystem.

Keywords: Economic sustainability, Environmental burden, Groundwater, Productivity
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Table 1- Average rainfall, temperature and relative humidity of urmia, Iran during 2017-2018
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Table 2- Physical and chemical properties of the soil of experiment site and manure fertilizer
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Table 3- Analysis of variance (mean of squares) yield and yield components of triticale in intercropping crop with faba bean

varieties
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Table 4- Mean comparisons of yield and yield components of triticale in pure culture and intercropping crop with faba bean

varieties
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* Means with the same letters in a column and for each component are not significantly different based on Duncan’s test at P< 0.05.
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Table 5- Analysis of variance (mean of squares) of studied traits of faba bean cultivars in intercropping with triticale
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nodule per plant  Ppod
=
Repl)ic)g;tion 560.4* 0.11* 68.4* 0.6"s 1.90s 0.2ns 25** 401905.7*  3568893.3** 0.03 s 0.02*
s
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Table 6- Means comparison of studied traits of faba bean cultivars in intercropping with triticale
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anta
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Lyl
Intercropping
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] s
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* Means with different letters in a column and for each component are not significantly different based on Duncan’s test P<0.05.
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1- Photosynthetically active radiation
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Table 7- Land equivalent ratio (LER) for seed yields of triticale and faba bean in intercropping
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Introduction

Intercropping, i.e. growing two or more crops together on the same land at the same time. The intercropped
legumes/cereal systems reduce inter-specific competition by enhancing complementarity/facilitation processes
thereby improving the exploitation of environmental resources; on the other hand, it has led to improved crop
production, which is due to greater efficiency in the intercropping system. Salehi et al. (2018) in intercropping of
triticale with annual legumes reported that the highest plant height, number of spike per m?, spikelet number per
spike, grain number per spike, grain and biological yield of triticale were obtained in the sole crops but the
lowest economic yield of triticale was achieved from intercropping of triticale with vetch, respectively. The
purpose of this study was to investigate the response of growth, yield and yield components for different
fababean cultivars affected as in intercropping with triticale in order to achieve the most suitable combination in
terms of maximum yield and land use efficiency in Urmia weather conditions.

Materials and Methods

In order to evaluate yield and yield components of different faba bean varieties in intercropping with triticale,
a field experiment was conducted based on a randomized complete block design with thirteen treatments and
three replications at the Research Farm of the Faculty of Agriculture, Urmia University, Iran, during the growing
season of 2018. Treatments were included sole cropping of triticale, replacement intercropping of triticale with
five-faba bean varieties (Mahta, Histal, Feyz, Barkat, Luzde otono and Shadan) in ratios 1:1. Triticale was
harvested when spike turned brown and different faba bean varieties were harvested when the first pod of the
plants fully matured. Field data were collected by cutting 10 plants randomly from each plot and vyield
component of each plant was considered as the average for each plot. Analysis of variance (ANOVA) was
performed using SAS software; version 9.4 (SAS Institute Inc., Cary, NC, USA) and significant differences
between treatments were compared with the Duncan test at P<0.05.

Results and Discussion

The results showed that the highest plant height, spike length, number of spike per m?, spikelet number per
spike, grain number per spike, grain and biological yield, and chlorophyll a and b contents of triticale were
obtained in the intercropping system. Also, the maximum nodule number, nodule dry weight, plant height, length
pods, number of seeds per pod, 100- seed weight, seed and biological yield, and chlorophyll a and b contents of
different faba bean varieties were achieved from intercropping and the lowest amounts of mentioned were
recorded in the sole cropping of both plants, respectively. The higher seed yields of the intercropping systems
compared to the sole cropping were probably due to the better use of environmental resources by balancing inter-
specific and intra-specific interactions. The average chlorophyll content of both plants in the intercropping
system was higher than the sole cropping. Increasing the chlorophyll content in the intercropping system was
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attributed to the better availability of nutrients, light, and water. However, the partial LER of faba bean was
higher than triticale, indicating that the former was the dominant plant in intercropping patterns. In addition, the
highest LER total was calculated for intercropping triticale with Feyz faba bean (2.2 units) and the lowest total
LER (1.9) was computed to the triticale with Barkat faba bean hat represents an increased advantage in
intercropping than sole cropping.

Conclusion

Our study showed that the productivity of different faba bean varieties in intercropping with triticale could be
increased by environmental conditions. The maximum seed and biological yield of both plants were obtained at
intercropping. The LER was higher than one in all intercropping treatments compared to sole cropping systems.
According to the results, it seems that the use of the intercropping system is remarkably effective to increase the
economic income and land-use efficiency.

Keywords: Chlorophyll, Grain yield, Land equivalent ratio, Rhizobium nodule, Sustainable agriculture
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Table 1- Physical and chemical characteristics of soil
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Table 2- Results of chemical analysis of manure, vermicompost and compost fertilizers
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Fig. 1- Average of monthly temperature during growing season of Echium amoenum for three years
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Table 3- Analysis of variance (mean squares) for fresh and dry flower yields and number of flower of Echium
amoenum under different treatments
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Table 4- Results of mean comparisons for some indices of Echium amoenum under different plant treatments
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. - Dry flower yield Number of flower in5S g
Treatments yield g(g.ha (kg.ha™) of flower
Aals Xéf)");*"“’z)a g )LQ% 1978411* 293411 390ab
Four plants.m™ X Control
S35 Xy 2 Sy e 147551 2329 3762
Four plants.m? X Cow manure
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‘:"“’9?‘“5&")5 Xapyo p &y )LQ’ 155061 20941 3744
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A0l X gyyosin 3 g G 29202f 4764' 396a
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8L X gy p i - 48112° 6536 3774
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o5 X gyerie p S0 59486° 8317° 378
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CosgeeS X @yeyia  dig V0 44135: 7448° 390
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W%Asu")i X qayoyio > g\ 606712 81922 383¢d
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— * Similar letter in each column indicate no significant difference in 5% level.
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Table 5- Results of mean comparisons for some indices of Echium amoenum under different years
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reatments (kg.ha™) (kg.ha) of flower
,"J" J 36357 55932 3992
First year
s J 341990 47500 370°
Second year
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— * Similar letter in each column indicate no significant difference in 5% level.
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Table 6- Results of interaction effects of treatments in different years on some of indices of Echium amoenum
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L X et 2 g A0 29119" 3918% 3770
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Table 7- Analysis of variance (mean squares) of some indices of Echium amoenum under different treatments

S @l &3l 4y £l ol Blialayy  eER ST Gg g3 J5 Sl
S.0.V. d.f Height No. main branch No. Lateral No. flower per plant
branch
S 2 2370 0.96" 19722 7577430
Replicate
e )
(w15 % 255) Jlos 15 264" 1213* 868" 119767245™
Treatment
X e 30 34,170 73.80ms 41,770 12738646
Replicate X Treatment
sty Jlo 1 1504" 724" 19722 14995725305
Harvest year
Soss X Jlo 15 194 1003™ 920.57" 111259972"
HarvestX Fertilizer
x
X Jle 2 40,540 36.21m 135m 1601141
Density X Fertilizer
s 30 31.56 79.14 47.54 12716811
Error
s Gy B 7 19 18 23
CV (%)

Gb e pas g Ao )d iy 9 S Jloin] aw )0 jb gxe (o gy NS g rn—
—** *and ns: significantly in 1% and 5% levels and not significantly, respectively.

a5 oS 3 4y b)) Gl 3] S Lagiag, Sl (S
‘:c)j 9 uLaj P K] (Plantago ovata Forskal) o, .l ¢ (Sesamum indicum L.)
Khandan et al., 2006; Rezvani ) 35 (5ol5 355 bpuas I 1
by olillas zls wexg opl b (Moghaddam et al., 2010
9 ol 5l S (Yazdani Biuki et al., 2010) ,Son o S'g0
S elis)| p Suidon 5 bt (] sladgS plie Bpan &S
slul 1y (o)l size glas (Silybum marianum L.) Jls )le oLS

53 >0 3 adlas 3)90 slajless (oled b gine S Sl gl

Jsi2) 35 Sl Oyl S olS ol adli ol cutlyy Jlo
a3l ol oy by oS 09 OT S b, She duglie gl (Y
9 (VoIY) CmgraS (oys X gporio )3 Gy )loz sl ) (Lol

odnlio (YV/T) (69l X moyoyio j> digy i Hlowd jd )] o j2eS |
2 ol L5 sl dgu0 el lais sl jlag 3,8 5,8 29l oS L2 1)) (oo (slmagS jl oalitl iz pen 2,5
9 Lo, (Koocheki et al., 2004) cuilss ()b sxe 5l 0 youl

SSho Gl sl as” 6387 Ly (Rahmani et al., 2009) ,)SKon

o=l aS )5 ioles] sla)les (oled o pd dls b duwlée
2l & o (i oty Bl CawgeoS ayg 26 Yo 0 T '
Wt 5 o1 Sl o ob o5 s s dlais glaleg 0 < 5 030 IR ol 5l copllac o Sl e
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L as o odnliie oS olS (59 (6,500 Lidgh )0 b 0
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.(Moghaddam et al., 2010
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Table 8- Results of mean comparisons of some indices of Echium amoenum under different treatments

Ol i 2l Wyl ol 4L slani =52 AL sland Gge > J5 dlaas
S.0.V. Height (¢cm) No. main branch _ No. lateral branch  No. flower per plant
Lo X gayerie 3 Oy o 76.30dex 30,331 24,50 115401
Four plant.m2X Control
o X a2 Sy 75.1%¢ 29.0¢h 3187 114334
Four plant.m~X Cow manure
Cuogead X gryogie 2 G Sl 81b 64.6° 66.3° 23909°
Four plant.m=X compost
CogaS ey X @yeie 2 Uy e g0 ser 70.3° 29.8¢1 20857
Four plant.m? X Vermicompost
22L8 X gyyerin 3 Ly b 74,64 44,3 44.6 15038
Six plant.m2X Control
98 X qpaya 3 dig S 760 273" 27.61 120814
Six plant.m2X Cow manure
CongiaS X s 2 O SR8 750 67.1° 41,0cte 24316°
Six plant.m™=X compost
SeopaSinsy X e 2 Wig b 95.6' 59.6 36.8%¢ 10763
Six plant.m2X Vermicompost
e X gyesie 3 O ol 66.8" 31.6% 40.0%f 118774
Eight plant.m™*X Control
o5 X gpegte 2 Oy 716" 415 40.6° 11752¢
Eight plant. m2X Cow manure
Cogeed X @yein 2 S ol 73.5¢ 36,54 34.6+ 11140
Eight plant.m?X compost
C"“’?‘-‘:‘“s@” x By ) g Lol 75b-¢ §be 55.8b 17074
Eight plant.m2X Vermicompost ’
8L X gparia p dig ) 77000 38,14 21,1 13976
Ten plant.m™X Control
o X ggagie 2 G V0 69.0¢ 46.1¢ 30.1¢9 170130
Ten plant.m X Cow manure
ConggeS X guyayia > dig V0 73,51 33.5¢h 49,1 13284¢
Ten plant.m? X compost
Sy X e 2 Ay ) 83.0° 39.6%¢ 27.3% 14495

Ten plant.m X Vermicompost

5l (I gixe gl Mo yd ey e (0 Spiiie B S Bl gl slayles gioyp o %
— * Similar letter in each column indicate no significant difference in 5% level.

il (sl il Cod 1l Gl (gl ol Gl (B S0Sile dulio -4 Sy
Table 9- Results of mean comparisons for some indices of Echium amoenum under different years

slow syl ol 4L slani &2 L dlaay Ggr > JS dlaas
Treatments Height (cm) No. main branch No. lateral branch No. flower per plant
,‘J" b 72.00* 68.9 23.2% 275322
First year
ps> oo 79.9° 20.0° 51.9° 25360
Second year

) ) sine ol do)d iy gaw 3 S yidie S Sy Jlis b laguSibe Jlo o il g igtepe pE —
— * Similar letter in each column indicate no significant difference in 5% level.
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Table 10- Results of interaction effects of treatments in different years on some of indices of Echium amoenum in

the first year
slowd syl ol LS dlani P SCRES WIRIRVS| &gy > J5 dlaxs
Treatments Height (cm) No. main branch  No. lateral branch  No. flower per plant
20l X gye e 2 Ly o 73,308 44,380 19,0 212480
Four plant.m*2 X Control
oS X e 2 S e 73,3 44,00 15,3+ 20383¢
Four plant.m2X Cow manure
CogeeS X yoyie 4y 82.3> 100° 3430 42028
Four plant.mX compost
CgaS sty X @peye p ke g get 122° 19.3% 40848°
Four plant.m2X Vermicompost
288 X oo 2 i b 66.3K1 67.3¢e 21,0 27267
Six plant.m2x Control
S35 X e 2 Ly 4 61.0' 43 3¢ 30,089 22691
Six plant.m2X Cow manure
CongeeS X gryaio 2 Gy b 6.3 116° 34,0 46857°
Six plant.m?X compost
SsrSiy X gpase 2 dg gl 82.30¢ 98.0° 33.3eh 20446°
Jyl s Six plant.m2X Vermicompost
9 . . “ e
0L X gaynsia 33 Ly Sk 65.64 49,011 18,05 21110%
Eight plant.m2X Control
G5 X qyagie Sy it 71.0¢! 55.0¢t 23,3k 21459
Eight plant. m2X Cow manure
Congead X @ryeso ) Ly ol 68.6™ 4.6 14.3¢ 20187
Eight plant.m2X compost
‘:’“’%“‘s@)ﬁ X By > Hg Lol 76.3%k 71.0%d 20.3ik 29525b¢
Eight plant.m2X Vermicompost
ald X gperia 2 Ly - 68.0" 56.3%¢ 21.0% 24112
Ten plant.m™X Control
S35 X gyee 2 i e 73.0k 78.3¢ 30.3¢ 330760
Ten plant.m? X Cow manure
Congeed X gyogie p g V0 75.0°k 47.0feh 17.0 228340
Ten plant.m2X compost
‘:’“’%“‘s@)ﬁ X Tyeyo P &g Ve 79.004 62,3d5f 21.611'1( 26449Cd
Ten plant.m2X Vermicompost
8L X e e 2 g o 79.3¢ 16.3m 30.0¢9 1831°
Four plant.m2X Control
S5 X gy p Sy 77.0%% 14,0 48.3¢f 2484°
Four plant.m2X Cow manure
Cugead X qyagie 2 Gy e 80.0°" 29,3+ 98.3¢ 5790"
Four plant.mX compost
CogaSstyy X ey p Sl g0 g 18,3k 40,31 866"
Four plant.m™X Vermicompost
Ls X oy digy i
Lo LT gy 3 Sg i 83.0° 21 3km 68.3¢ 2809°
> J Six plant.m2X Control
5 X e 3 Ly b 92.3b 11.3m 25,30k 14721
Six plant.m=X Cow manure
oS X qayaia > by b 85.3b< 18.3km 48.0¢f 1776'
Six plant.m2X compost
‘:"“‘%“su")ﬁ X &y ye D Bgr 109? 21.3kim 40.31 1080fF
Six plant.m2X Vermicompost
20ld X gyerie )3 Ay Cadi 68.071 14.3mm 62.0¢ 26441

Eight plant.m2X Control
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vy

S X @yajie 3 Gy Cudn
Eight plant. m2X Cow manure
Eight plant.m2X compost
CuwgeeS (o) X @yayie )3 &gy Lol
Eight plant.m2X Vermicompost
ald X g ye e )3 digy Ve
Ten plant.m? X Control
S9E X @yajie p Gy Ve
Ten plant.m2X Cow manure
CuwgeeS X apoyio ) gy Ve
Ten plant.m2X compost

CawgeeS ()9 X @yayie 3 digy Ve
Ten plant.m2X Vermicompost

72.3k
78.3¢
74.6%%
86.0°d
65.0K!
72.0%

87.0%

28.0im
24 3kim
33.0nk
20.0Km
14.0m
20.0Km

17.0Km

58.0%%
55.0%
91.32
21.3hk
30.089
81.3°

33.0¢8h

2044°
2092°
46241
3840°
949¢
3734

2541f

Lyl g e old duoyd gy e D Syde B S JBlis gl slaylew gty ) s

— * Similar letter in each column indicate no significant difference in 5% level.

OLIIE S (2913 olS (Sl pad L (B y Bl ol 53 bylewd Jilie SI51-YY Joua
Table 11- Results of interaction effects of treatments in different years on some of indices of Echium amoenum in

second year

slow ws ! ol 4L slani =52 AL slawd &g > S5 dlaas
Treatments Height (¢cm) No. main branch  No. Lateral branch _ No. flower per plant
aals X Zyore P Ly )LQ} 79de 16fg 30]1 1831¢
Four plant.m2X Control
k55€ X gypoyio &g )LP 77¢f 14h 48¢ 24834
Four plant.mX Cow manure
Cuged X yerte 2 S5 80¢ 208 ogs 5790°
Four plant.m2X compost
W%Asu")i X &yoye P g )L?? 70hi 18¢f 40h 866¢
Four plant.mX Vermicompost
by X By O gy b 83cd 11 684 28094
Six plant.m?X Control
G X oo > g b 92b 43i 250k 1472f
Six plant.m2X Cow manure
"’“’9"“5 X Zyoye P g phd 85¢ 18¢f 488 1776¢F
Six plant.m2X compost
oSty X geria 0 By g 109° 210 40" 1080¢
Six plant.m2X Vermicompost
8L X gryayie 2 Ly ke 68 148 62¢ 211102
Eight plant.m?X Control
k55L§ X Ty ) g Cuid 728h 28b 58¢f 2044¢
Eight plant.m2X Cow manure
"’“’9"‘5 X gye e 3 Ly Culd 78¢f 24¢ 55f 2092¢
Eight plant.m2X compost
‘:’“’%‘“su")ﬁ X By D dgr Culn 74fg 332 91b 29525d
Eight plant.m2X Vermicompost
ald X gyasie ) digy Ve d K
86¢ 20¢% 21 3839¢
Ten plant.m? X Control
S35 X gpayio > g N 65 14h 30i 9498
Ten plant.m? X Cow manure
"’“’9"“5 x &yoyie ) digr Ve 72¢h 2()de 81¢ 3734¢
Ten plant.m™ X compost
eomeSinng X oo 2 Ay 1 87¢ 17t 33 25419

Ten plant.m? X Vermicompost

LG g e old duoyd gy e D Syde B S Bl gl slajles atwpr ) s

— * Similar letter in each column indicate no significant difference in 5% level.
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(-

P Qlie @l b el ol 5l Jols @l (IS jsboay
SylS a S gyebay (Azizi et al, 2008) 5l cdllas
Chamaemelum ) _sgy 459l 5yl 0LS 1 CuuvgroS 0)9
P U5 ol ales 1 gasy slaasls ilidl el (nobile L.
Olis 48 )3 O yauo (sl ) -(Liuc & Pank, 2005) 15,5 a5g
e Jdad CiwgaS’ o)y (s3sST Lallas (sl Sl cunl 00l
b (S5gdm 9 (295500 Cluogad 5 (alend ((So3d aslyd
Oll8l g pH pu a5 -y s> o (Atiyeh et al., 2000) cois
Meginnis et ) cuol cuiS Lo 5 Ol (6,055 cud b b xe
&S v ol 5l Sl e dden J5 (59 (g ol (al., 2003
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Seghat Al-eslami & ) cdl ilidl mde w aslg > a sy
.(Mousavi, 2007
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Introduction

Many plant species in natural Iranian ecosystems such as Echium amoenum have high medicinal and
economic potential use. The growing need for medicinal products of this plant along with the increasing
domestic consumption, export and prevention of its extinction due to its over harvesting from natural
ecosystems, necessitates its mass cultivation. E. amoenum is one of the medicinal plants that has important
compounds in its flowers, which is necessary to increase the quantity and quality of its flowers. In general,
environmental and management factors affecting canopy structure have a significant effect on flower production
in these plants. Therefore, for the successful cultivation of any medicinal plant, including E. amoenum, providing
optimal environmental conditions such as the best fertilizer combination to meet the nutritional needs of the
plant is a priority. Adding organic matter from various sources to the soil is one of the most common
regenerating operations to improve soil properties.

Material and Methods

In order to better understand the agronomical potential of E. amoenum as a medicinal plant at field condition,
an experiment was conducted in a factorial layout based on a Randomised Complete Block design with three
replications at Agricultural Research Station, Ferdowsi University of Mashhad, Iran during growing season of
2009-2012. The experimental treatments were all combination of four levels of organic fertilizers (cow manure
(30 t.ha-1), compost (20 t.ha-1), vermicompost (5 t.ha-1) and control) and four plant densities (4, 6, 8 and 10
plants.m-2). In April 2010, bed preparation was done by ploughing and levelling the soil and fertilizer treatments
were mixed with soil. Cultivation operations were carried out in the first week of May 2010. Lrrigation was
performed every seven days. During the growing season of 2010, the plants produced mild stems and spent the
entire season as a rosette. By autumn and winter, the aerial parts of the plant were dried and in early March 2011,
with increasing ambient temperature, the leaves of the plant began to reappear from the crown. Flowering of the
E. amoenum in the second year, 12 months after sowing began on April 25, 2011 and the flowering period lasted
one month. The flowers were harvested in four stages every seven days. Flowering of the plant began in the third
year on May 15, 2012, and the flower harvesting was carried out in five stages, every five days. At each harvest
stage, fresh flower yield, dry flower yield and number of flowers per five grams of flowers were determined.
After flowering, three plants were randomly marked and plant height, number of main and lateral branches and
number of flowers per plant were recorded.

Results and Discussion

E. amoenum has only vegetative growth in the first year. The results of second and third years showed that
studied treatments had significant effect on plant height, number of main and lateral stem branches, number of
flower per plant, fresh and dry flower yield. Result showed that by increasing of plant density, fresh and dry
flower yield and number of flower (at five g) were increased but number of lateral stem branches and number of
flower per plant were decreased. Application of organic fertilizers increased fresh and dry flower yield, plant
height, number of lateral stem branches and number of flowers per plant. Additionally, the highest fresh and dry
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flower yield, number of flower and number of flower per plant and number of main stem branches were obtained
in the first year but the highest plant height and number of lateral branches were observed in the second year.

Conclusion

Due to the fact that E. amoenum is an unlimited growth plant, therefore, proper density adjustment is
especially important during reproductive growth period. Increasing density during this period causes the plant to
have fewer resources (space, water and food) to increase vegetative growth and, as a result, establish a proper
balance between vegetative and reproductive growth and produce more flowering shoots and increase flower
yield will result. Overall, it seems that application of organic fertilizers and optimum plant density are among
more important factors for E. amoenum flower production.
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