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2- Plant growth promoting rizobacteria
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Introduction

Most important factor limiting plants growth in agriculture is deficiency of nitrogen as compare to other
nutrients. Plant needs to nitrogen is due to reason that nitrogen after hydrogen is largest elements in plant that
absorbed from soil.

Nitrogen in soil especially in surface layer is more and in the form of organic composition, therefore nitrogen
accumulation in soil has direct relationship with organic matter accumulation. Soil organic matter in the in our
country are low due to different reasons including low rain fall, unsuitable cultivation rotation. Urea is one of the
nitrogen sources which its uses extended all over the world in agriculture sector. Nitrogen is one of the important
nutritious mineral matters for plant growth and is a suitable source for increasing yield especially in improved
varieties. At present due to economical problems in cost of chemical fertilizers in one side and environmental
effects of high consumption on the other side are the difficulties of sustainable agriculture (Mulvaney et al.,
2009). Ngo et al. (2012) showed that mineral fertilizers application had negative effects on soil like soil
acidifying, drainage loss and decreasing microbial biomass. Displacement of mineral fertilizer with organic
compounds like compost can reduce negative effects. Composts are organic material which has lots of
advantages. Results of different studies showed that compost cause better soil fertility (Caravaca et al., 2002).

Sunflower (Helianthus annuus L.) is one of five oil plants which is resistant to drought and adaptable in
different climate of the country, growth and develop in different soil. Also high oil quality, low growth period
after wheat and barley and its cultivation as a second crop cultivation.

For reaching these aims we should understand how its effect the high absorption efficiency of nutrient
mineral and other factors affecting and ways to achieve them.

Materials and methods

For the reaction of sunflower to different levels of urea fertilizer and iron sulphate in the presence and non
presence of vermicompost, a field experiment conducted in Darreh Gaz district (Khorasan Razavi province) in
2013. This experiment was in the form of factorial on the bases of complete randomized block design with three
factors and three replications. In this experiment three level of urea fertilizer including, 50, 150 and 250 kg.ha
as main factor and two levels of iron sulphate including zero and 80 kg.ha™ as second factor and vermicompost
in two levels zero and 7 t.ha™ as third factor. Nitrogen treatment was applied in three stages. First stage was 1/3
of urea application at seeding stage. Second stage was at 8 leaf stage and application second 1/3 of urea and last
1/3 of urea applied at flowering stage. Iron sulphate treatment totally applied at flowering stage. Seeds were
sown at depth of 3-5 cm on the furrows; plots had 4 lines for cultivation with the length of 6 meter. Distance
between lines was 50 cm and distance between plants was 20 cm. At the end of season growth properties of plant
like , plant height, stem diameter, tray diameter, leaf dry weight, leafstalk dry weight, stem dry weight, tray dry
weight were measured. Statistical analysis were done with SAS ver. 9.1 and figures were done with excel. Mean
comparison at 5% level were done with LSD test.

Result and discussion
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Plant height, interaction effect of nitrogen and vermicompost on sunflower stem height was significant at 1%
level. Highest stem observed at 250 kg.ha™ nitrogen and zero vermicompost application. Conjoint effect of
nitrogen and iron sulphate on plant stem height was significant at 1% level. It seems that increase in nitrogen
level cause better plant photosynthesis and finally higher plant height. Interaction effect of three factors had
significant effect at 5% level on plant stem height. Composition effect of nitrogen and vermicompost on stem
diameter was significant at 5% level. Lowest stem diameter achieved at 50 kg.ha'l nitrogen and zero
vermicompost application. Effect of nitrogen and iron sulphate on stem diameter were significant at 5% level.
Interaction effect of vermicompost and iron sulphate was significant at 5% level. Interaction effect of nitrogen
and vermicompost on tray diameter was significant at 1% level. Also interaction effect of vermicompost and iron
sulphate on tray diameter was significant at 1% level. (Rahimizadeh et al., 2010) showed that micro element
application to sunflower had significant effect on tray diameter. Three factor interaction on tray diameter were
significant at 1% level. Sunflower verities had different reaction to nitrogen application. Interaction between
nitrogen and vermicompost had significant effect on yield at 1% level. Highest yield were 7.73 tha” with
interaction of nitrogen (250 kg.ha™' and vermicompost at 7 t.ha™).

Conclusion

Results showed that combination of vermicompost and iron sulphate along with different levels of urea
compared to single effect of them needs more investigation. Vermicompost application as improve soil properties
like porosity, available moisture and nutrient elements can improve the plant growth and better fertilizer use
efficiency. Therefore it seems that conjunction of chemical fertilizer and vermicompost can improve sunflower
growth in Darreh Gaz District.
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Fig. 1- The ICBM region concept.

(Crop, weather, and soil data for each region are used in the weather-to-re module (W2r.). The initial carbon mass values were presented as O, and
Y,. K and h were considered constant. i and r, show the climate coefficient and C input to soil respectively. (t.ha™))
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Table 1- The parameters of the ICBM model (Andrén et al., 2004)
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Fig. 4- Long term C input of different crops under 20 years period (1991-2010)
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Table 3- C sequestration related to current year (Y) (kg.ha™) and prior year (O) (t.year™)
Jlw oS » @y <30 g 3955 Ay
Year Wheat Barely Maize Rice Alfalfa Chickpea Cotton
0 Y o) Y o) Y (0] Y (0] Y o) Y o) Y

1991 220 449 220 377 242 941 241 845 267 1264 180 176 268 1490
1992 220 438 220 395 242 782 241 789 270 1993 180 188 26.8 1432
1993 220 434 220 410 242 767 241 847 267 1666 180 183 268 1393
1994 220 435 220 422 242 704 241 845 267 1503 180 182 268 1385
1995 220 445 220 430 241 650 241 81 268 1509 180 183 26.8 1388
1996 220 457 220 432 242 736 242 929 269 1656 180 192 268 1379
1997 221 514 220 439 242 768 242 938 267 1485 180 194 268 1357
1998 221 487 220 459 242 772 242 978 26,7 1409 180 192 26.8 1388
1999 220 448 220 403 242 818 242 978 267 1301 180 178 268 1421
2000 220 440 220 376 242 874 241 961 267 1285 180 162 26.8 1437
2001 221 485 219 206 242 86 241 917 267 1186 180 167 26.8 1443
2002 221 522 220 367 242 928 242 1003 269 1462 179 157 268 1519
2003 221 547 220 435 242 915 242 1054 26.7 1415 180 170 269 1664
2004 221 551 220 473 242 944 242 1032 268 1445 180 191 269 1717
2005 221 546 220 470 242 987 242 1021 268 1470 183 201 26.8 1676
2006 221 567 220 483 242 1015 242 1019 268 1517 180 218 268 1667
2007 220 476 221 503 243 1100 242 1030 269 1698 180 213 269 1682
2008 221 526 220 423 242 1067 241 979 268 1628 180 197 268 1641
2009 221 534 221 485 242 1032 242 983 268 1561 180 223 268 1629
2010 221 540 221 546 243 1138 242 1094 269 1645 180 254 26.7 1426

"I\’;S’lﬁn 22.1 4921 220 4267 242 890.2 242 9552 26.8 15049 18.0 1911 26.8 1506.7
ean
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Fig. 5- C sequestration related to young residuals in different regions under 20 years period (1991-2010)
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Table 4- Long terms average of temperature, precipitation, C sequestration related to young residuals and CO, emission in
various climates
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Fig. 6- Trend of C sequestration of old and total residuals for current and prior years
(A, B, C and D indicate the Khazari, Warm-dry, Cold and Warm-wet climates, respectively.)
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Fig. 7- CO, emission of different crops in various years in different region under 20 years period (1991-2010)
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Fig. 8- Linear relationship between CO, emission with temperature (°C) (A) and precipitation (mm) (B)

Wisee gl £l,; Blisie CY guazme (1 (;USR 43 0,59LS) 5yl Jw LW 5 Jools o )S s 63 Ui ylme =0 Jgun

Table 5- CO, emission (kg.ha™) of young residuals for different crops in different years

Jlw S ® Er )l iy 2953 4y
Year Wheat Barely Rice Maize Alfalfa Chickpea Cotton
1991 1455 110.3 268.9 302.3 413.2 57.0 465.9
1992 167.7 167.0 253.7 135.3 1587.5 93.6 484.8
1993 165.9 168.0 402.7 2875 129.1 70.4 480.1
1994 167.9 166.3 318.4 208.2 292.8 715 528.6
1995 184.5 162.3 341.8 197.2 528.8 69.6 554.4
1996 193.2 156.6 429.3 3915 802.4 85.5 530.7
1997 272.0 168.5 358.5 339.2 359.3 79.2 502.3
1998 162.1 192.9 409.8 294.4 436.1 70.5 576.3
1999 130.3 75.4 355.2 3535 358.0 49.3 592.7
2000 163.3 100.4 316.8 392.2 462.9 40.1 565.9
2001 242.8 18.7 272.0 305.1 316.1 69.0 542.7
2002 245.2 255.5 465.5 410.6 895.1 42.2 641.5
2003 236.5 2375 441.0 307.3 481.7 75.7 790.2
2004 211.6 2143 342.2 367.4 585.3 95.1 696.9
2005 197.0 163.8 354.9 3945 597.4 85.3 563.3
2006 239.3 184.3 366.3 3794 645.6 102.9 593.7
2007 64.8 200.8 386.2 483.9 892.4 77.6 630.0
2008 253.0 46.5 292.6 324.8 565.5 62.0 548.1
2009 203.9 242.0 362.5 306.3 529.7 128.6 570.0
2010 198.7 261.3 551.2 512.0 733.2 150.3 259.3
N 192.3 164.6 364.5 334.6 580.6 78.8 555.9

Mean
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Fig. 9- Linear relation between C input to soil and CO, emission to atmosphere
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Introduction

Carbon sequestration is one of the most important approaches to reduce CO, concentration in the atmosphere.
Increase of CO, in the atmosphere has prompted renewed interest in increasing the stocks of carbon (C) in the
world’s croplands to mitigate climate change and also improve soil quality. To better characterize, predict and
manage soil C dynamics, more precise and accurate estimates of C inputs to the soil is required. The C fixed in
plants by photosynthesis and added to the soil as above- and below-ground litter, is the primary source of C in
ecosystems (Warembourg & Paul, 1977). Predicting the changes in C stocks (notably in soils), therefore,
depends on reliable estimates of net primary productivity (NPP) and the proportion of the NPP returned to the
soil (Paustian et al., 1997). The annual NPP in agroecosystems, and the distribution of C in plant parts, is usually
calculated from agricultural yield, the plant component most often measured.

For carbon sequestration estimation, it is necessary to evaluate the effects of management practices on soil
organic carbon (SOC) dynamics in a wide range of production systems and climatic zones. Soil organic carbon is
essential for maintaining fertility, water retention, and plant production in terrestrial ecosystems. The amount of
SOC stored within an ecosystem, depends on the quantity and quality of organic matter returned to the soil
matrix, the soils ability to retain organic carbon (a function of texture and cation exchange capacity), and biotic
influences of both temperature and precipitation. The abiotic influences on SOC dynamics, such as moisture,
temperature, aeration and the composition of plant residues are reasonably well understood.

The objective of this study was to evaluate the amount of carbon sequestration by agro-ecosystems and also
the amount of CO, emitted from agro-ecosystems in Iran.

Material and methods

The amount of carbon input for seven main crops including cereal (wheat, barley, rice and maize), forage
crops (alfalfa), industrial crops (cotton) and legume (chickpea) were calculated in different climate types of Iran
and finally, the amount of carbon sequestration and CO, emission for different crops were estimated. Plant C
allometric functions developed for the crops together with The Introductory C Balance Model (ICBM; Andrén
and Katterer, 1997) to describe SOC dynamics for the cropping systems were employed in this study. The model
has two compartments, called Young and Old soil C, and five parameters: i, re, h, ky and ko. Annual inputs of
soil C to topsoil from crop and manure are summarized in i. The parameter r. (decomposer activity factor, see
above) is multiplied by ky and ko, respectively, to determine the actual decomposition rates of the young and old
pools for a given year. Parameter h, the humification coefficient, determines the fraction of the input that goes
through Young and into Old (humus, or refractory component), and is about 0.1 for most agricultural crops and
about 0.3 for manure. Then we adapted the ICBM soil climate and decomposer activity parameter (r¢) to account
for the major effects of managing and climatically parameters. The r. parameter usually is calculated from sub-
parameters based on climate, soil type, crop type, intensity of cultivation and so on.

Results and discussion
The average of carbon input during 20 years showed that the warm-dry climate had the highest carbon input
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and cold climate had the lowest amount. The highest carbon input fluctuation was obtained in cold climate by
29.13% per year and the lowest fluctuation was related to warm-dry climate by 8.82% per year. Trend of carbon
input changes among different crops illustrated that the highest carbon input was gained by alfalfa and cotton
and the lowest was for chickpea. Alfalfa and cotton had the highest sequestrated carbon to the soil in all years
and the lowest was observed in chickpea. The highest and lowest carbon sequestration was related to warm-dry
and warm-wet climate, respectively. The highest amount of CO, emission was observed in warm-wet climate
(450 kg.ha™.year™) as average of 20 years and the lowest was gained in cold climate (125 kg.ha™.year™). The
results showed that the average of CO, emission in 20 years was 580 kg carbon for alfalfa which had the highest
amount and chickpea had the lowest CO, emission (78.8 kgc.ha™). A significant relation was observed between
CO, emission with carbon input to the soil and also with temperature.

Conclusion

In essence, it was shown that by increasing the temperature and decreasing the humidity of regions, the value
of carbon input was reduced. Among the study crops, alfalfa and cotton had the highest sequestrated carbon to
the soil. The highest and the lowest amount of CO, emission was related to warm-wet and cold climate,
respectively.

Keywords: Carbon dynamic, Climate change, Humification, NPP, Residuals

References

Andrén, O., and Katterer, T. 1997. ICBM-the Introductory Carbon Balance Model for exploration of soil
carbon balances. Ecological Applications 7: 1226-1236.

Paustian, K., Collins, H.P, and Paul, E.A. 1997. Management controls on soil carbon. In: Paul, E.A., et al.
(Eds.), Soil Organic Matter in Temperate Agroecosystems. Long-Term Experiments in North America. CRC
Press, Boca Raton p. 15-49.

Warembourg, F.R., and Paul, E.A. 1977. Seasonal transfers of assimilated in grassland: plant production and
turnover, translocation and respiration. In: Marshall, J.K. (Ed.), The Below-ground Ecosystem: A Synthesis of
‘Plant-Associated Processes’, Range Sci. Dept., Sci. Series No. 26, Colorado State University, Fort Collins p.
133-149.



Journal of Agroecology
Vol. 7, No. 3, Fall 2015, p. 315-330

@?ﬁ»’rlzﬁ

329U (ol oy &y it
FIO-YYe o ITRF Sl X oylad ¥ al>

b s Shes M3 9 (Betavulgaris L) &8 a6 fosily 5 Sos (g5lwand

SUCROS Jus b (s 90, bl & Ol 53 055,55 5 ol Cusgdons

TS S Lo ple 5 T o (5 i skes 3 peotes L

VYN AT Sl 55 b

AWAV/+0/NY 1 b pdy &b

(XS

S 5T g ) 00900 belge oS (3] pilie @ Shos Sloj 5 Gl Slyis olal 2 ) Y sanme 155 )3 385 (s yael
Jpae o yiare lyis 4 (Beta vulgaris L) wisjue 5,Slas »M g Juuilty (laobe Sa pskile s bl po cilizeo blio 53 3,Slas
2 odle 45 39 ¥ S g o S g0 Jdo (ol Tase 5 o0lisol (oS gus) 5,5 g0 4Bl yusiS g 05 (y90]] S jllulp lil 13 o5le
oy 5 05yt ki Jolge (il ol 2 0938 A8 8L T & i ()3g58 e Jep i (silodnnds sl o 50 b Jlesl Oy
2 ) )Sgm Jao b (silodnd @l C8)5 g0 GlulS Gl I i yped (25 £)l50 53 bty (1290 JeaSS b 2)Shos 2 She (e
P IV L Heliw s 5 cpyieS iS50 5 Voo b lgiue sl e jd A8 0 4 3l Ui e ll B bl calise gla yliw yod
dhawgio jobo a4 (o329 b D odalie JS 3 Shos oMS g fesly 3)Sdes (g (6)P (e 5 St dlaily ) 1) a5 Sy o yides lSa
saltie LS )3 3 ¥V B 3blie ol o Byt sl o 3928 (23l 3Shae M gt S o ()l ) 43y Vo U il S
Ve o=V g placay g jlgh slagluoeed 1 Of yiades Yoo 5l Gl ln g Of baalpd 4 ditn ¢ Jomsily 3 )Shae ) ¢y (sl 23,5 o0
ey Jailiy 2 )Sas & o] (5l 9 (5590 29808 1 86 3 Slos M8 13,8 5 (sl ol 55 3,90 0l 5 s slaplio el 3 o o e
Olee Cosl (Jb 3l il jlo w803 oS by o el 03958 Olgiew dea Sl slaglio gl (S p3 USey p)Soks T Lawgis b
Adln jlde (pl 203 B0 bawgie jobo 4y (5L g)ljey 00d 038 4 (g0

U595 Cdgdme aol Caudgime 5)S g Jdo o g5l Jde 1S gWo3lg

Alexandratos, ) 5o Jalgs sa ] lie clajls oo gy
(1995; Nassiri & Koocheki, 2009

o=t =l olals ;I S, (Beta vulgaris L.) 1 ,uue
Db oo S (ol Ll | g 0390500 3 45 039y )5S
g yoiS ) pdl and S > WB)uke ClS pj paw hawgle
P NS I S o G B SRS JVRN - S PR R Y
Ao Y¥ L oJsame cnl Wgs i )9S slaglivl (x yiore
Cusl 03> poliatsl 33 4, 1) Jgpame (pl il pj rdaw (o e
2 a8z 5y Slee bawgio ¢ Juw op! 5> .(Anonymous, 2009)
Ollid gl 3 68y ol & Cunl 039 US> (5 YF 598 JS
sl 04 39l S 5> o3 YAIY

HB yoolin Aoy dyzia 3k s S ) daw o) &

AodLo
Py 21t Oble i 50 g Comer il8l 4 297 L
do a2l onnl s Jlog b aw (b 3 ol (5,58 Slady
WRR, )uS ool 1) G yame 0ald oLl bl (yial53] ol
polas SO Les 4 i aad dw (b 50> (gow (1995
9039 CudS o gaw (B 4 bgpe ol 3 138 Mg il
4 ol ord Juols paw dly 55 5,Slas d90 32,k 5l o 4l
d9290 LSl (n 5% ()90 e I3 miiee S| (6l kel

Ceely; 0g)S dliwl =V iy A o8l Hhobiwl 9 (6355 Bilw (geziiils -
Agudio (93,8 oKl (g sl 0uSiily (bl Mol o

(Email: mnassiri@um.ac.ir 2 gt 03k 95 — )



VAP 5l o olods ¥ ol (5559l (cuwlild pgs 4 i Y P

slagngy 4 piiSly )3 (el slapimmms 3BT ) (jloduns
> iz (63b) Coenl (ame (slapiite blpd CoS g (ke
Manschadi et al., 2010; Angus et al., ) ol 03,8 lagy ausisS
Ny i 4 4006 e (1993; Wallach et al., 2006
s it bl ey 3 oS 3,Skac 5 g0 5 28 Sy
3ySlos g 4y (gilwtns slp b5 slaJre ST L aizn
Soltani et ) 3,15 3939 Ol Codgime g Jumsls baslys )3 46 jaiis
1 S0l by olaws Ll (al., 2005; Vandendriessche, 2000
KBl (39 Cadgiime baulid 3 (il 4 006 bl
5 i gilwJis joguad b oS CleMbl o (Smit, 1996)
S92 Ol lo 9 Gl Ll 208,00 olS ) (5908 M
3

3pSla S5 5 Sy 3,Slae (e sl 13 385
oo 38 9 S32) ol Gl sl pd (S > 18,5
el 03y plol @ ] 2 50 Jalge 5 Jle

L ydg; 9 dlg0
25y 3l slo s ) o3zl gl ol (ol slie
5 ol Cadgizme Jously bulpd 5 15 3,00 Can ) olalS
Obiwl sl oyl ol 5l galass 3 a8 Ciul (55,00 Cadgiome
oo 3 s it ) Jion) ol ity ool 4 olal
Deihimfard ) 54 o  oxiwly 88 )aise (gly yidiy 45 CayjyS ow
lise . ool wl (et al., 2012; Deihimfard et al., 2011
Van Laar et ) ¥, aw Jdo ¢ 32856 opl 53 CanSow Jdo ool
= 2L rawgid diljsy sy ¢ Jdo ol j3 bl o (al., 1997
9 S ST Friwgd e dbaly g (s @il e ol
Jsb 555 o s s 1 65 S8 o 5 359
= Sl odle Wby e yu (Spitters, 1989) 5445 oo duwslxe g,
o 3l (86 Sl S ) ey g (9 s Cas o Lo
2 Jie jlodlail (gl anl e Cuwd 4y 0y S g ()RS
O Ml o a8ls) Jse a0 o M ol cosgame Ly
S oin 5 oUlyy ((iSaj (5 — s sl 3 Jals S
Al (gl Cutige — oy (S 7 Adlro bl o ddyy oS
Codgd e ly Sl il ol edlaiwl Jdo 50 ¢ Jausly §ya5 g pes

B3 P Sy G Camd Gk 5l A3 sanlyd o

5= ol ol slol Jds 45 0550 588 o)y S5 ey
Olli8l aS ol a4 sy b il o gdaw a5y 43 0lS ol 5 Slas
3y 39 addsi ol 8l sl Sl I (S o 5l 5 3 )Shos
5 Sk a0l ) i) (odlBl sl el )l 103 (g5
NI 56 oS ol 0Shes g by 2 td & e g S ot
Bolie > W)tk olS b Jelge ol b (o8 g2 At
4 bl S8 Ulg e giloJie cola, jl oolitnl b calize
calisee gblio ) olS pl o Slas 0aiiSdgume Jolos iy Sy
3 35 Slas g Jorailly 55 Slas s SH) 3Slas 2D 5 03,8
lwlid ) Joolgs ol casgimme 1 (o8b (glie Cogioes bl
Sl

5 oS 3gaoe Jolge 1l ogas )3 (ooasie Gldllas e
oy Lol €y 3y Slhas U 5 25 bl >, Slas y o2ials
allas L (Becker & Johnson, 1999) ipuil> 9 55 .ol
ol gle ol 45 (Oryza sativa L.) g6, Adg (sl
a obly 3y Shos ¢ i (ol b Sl (bl Ll 5> a5 ol
OhbSen 5 Ll il o Jeaily 5 )Sos 003 ¥F 5 OV s 5
5 Jsily CROPGRO Juo jl solazwl s (Bhatia et al., 2008)
&Slg ddlaio YV (gl |y mod (Glycine max L.) bgw 5,Slos M5
Jeiliy bawgio pobo 4 a5 W03y (LS g 03,8 L)l (llwgin 5>
38kae 5 Slin 5 S 13 p Sk YY - bolie ()5Sl
0,Slos 3l o )d Vo lois 00 @)ls a4y bl oo o pd Vo Dgas )
Kalra et al., ) )L o | JS 008 0 cubly  g)l50 50 Jaunsily
M3 InfoCrop Jas jl eslawl Ly , S5 adss jd 30 (2007
o8 adllas 550 i jo 1) (Triticum aestivum L.) puiS > Sles
2 a3, Slee 3 LS Slblug oS ol ol bl gl sl
Dg yite HSa 10 5 O B VD Gl ks Jlad 4> ilise (slacdU]
ohg & (Spae soodl ) yusi g Oslite lll Cllug () S
Ve i ooy b 0ol Lt e ol 0 lsie Ol g 590
Lol g e (ylal blie cpl 53 A5 CulS 5 o 3l 2oy
2yl 3639 Ol 5 il 5 Shes M5

M (i 55 9 AByaiiz 0y Slos g 0y (95 (oS 6
9 Jrily 3y Sas oo & Cusl laJre 4 55 0l () 3 See
Cadgiime poguas an g ol Cydpiome bl cog o Sles oo
L e ) oalizal S (gl Jp BB <3 L, sy



YAV a8 ysisn Jumiliy o ySdos (6 5lwduudd

(Laar et al., 1997

Van ) 59 ey Ladiy; b 4 Lalyd oyl )3 Sis o3l

Lol (e g (SB Oluogad (S5 g W8 )jaida 3)Slos Y5 3915 S anlllio 390 (Sl low soend =) Jguia
Table 1- Study locations selected for simulation of yield gap of sugar beet and their soil properties

3las lawgie 355 oyl a0 awgio
Lol Cledd 3 e
. gLyl 0,93 b . u-’;*“‘:u)ﬁm‘“ Sseol psiol
i oo Job buwgi OlipgldS by s
Ll 3 Ll (%) Silwams e as (6, pSeks) 25
Location WS s Altitud Simulation 0123 S22 54 Tas,; M523
Latitude  Longitude (inl; ¢ ! ;'iotllo Average Average 279 o5
p number of fertilization rate DUL LL
irrigation by by farmers
farmers (kg.ha'l)
ol 37°04° 58°30° 1278 1995-2008 19 250 0.34 0.20
Ghoochan
ek 36°16° 59°38° 999 1992-2008 20 230 0.36 0.11
Mashhad
,)yw 36°16° 58°48° 1213 1992-2008 16 220 0.34 0.20
Neishaboor
] .
9 36°12° 58°30" 972 1995-2008 16 205 0.27 0.10
Sabzevar
L) Ca
Torbat- 35°16° 58°30° 1450 1992-2008 15 199 0.36 0.11
Heidariyeh
oy
Frey 35°15° 60°35° 950 1993-2008 15 200 0.36 0.11
Torbat-Jam

sl ool Cowd & £5l50 ol oy 5l (@368 55 5 ()bl Ol slas s
* Number of irrigation and fertilisation rate wereobtained from farmer’s fields.
sl 015 3,905 B 60l ogaio 39 9 8l ) o3lizl b (LL) wils (S5, dlas 5 (DUL) as yjo ey 5 S o s
** DUL (Drained Upper Limit) and LL (Lower Limit) were estimated using soil texture and bulk density.

(=555 culyms g S slaodls ¢ olgn g O (claosh) ool g4
o] jl (Alo Ve=Y0) oldl to iy slaodls .l LS
Jolis Jolas odls ol s (gyglaes opliw] wlidlgn Calisco
S L) gdmds g (Sa0)b oSl g Jlas o)l as )y )l
Sl e Ol B Lid g ailig db s bawgie bl el
Losly (pl (3blo By jd wliilsn glaosly 3959 pie jaw )
Pickering et ) L5 (¢3lojl WeatherMan' b 5 5l ookl b
2l 550 S s By S claosls 3590 53 (al., 1994
slaodly [l il Jas lyal cons L 0)90 Sluoguas 5 009
590 3blio yo S8 bl 5l esliwl b 55 ¢ (Tatari, 2008) 54250
5 (Ol Gk J gl g g)lje Sl oel cuss 4) adllas

1- Weather data manager

o Ol S Jae 13 039 (M Ao 5
0a3ld P L rals g5l Sy a5k 1 ol olS p 0doss
s e 035y 55 oS Cand o Jlae 5355 4,35
gleddleas |y bplul & 035 ) (anass 5 5 Sy Gy Sy
) (=) obS bawg gy Ol g WO (pizmen a3 e )3
e Jho 4y SLE 3 g pis 4y 58 g (15 p 5 g0
0555 og—ad ) bye Ol Cowl oal dBlol cunj S g
3B yisn 5, Slas § Suiglaid gad iy slasinl Bl (slo e
St S g Jaco 3 85 (13955 5 Ol Cadgame ¢ Jouily bl )5
Deihimfard et ) ,LSan 5 3, st bawgs Conl oad 223l
0ads &)l Juads & (Deihimfard, 2011) 5,84.005 o (al., 2011
Fom|

o &y Lolul S 3 Shas 5 03, (glo oo (6,55 & cags



VAP 5l o olods V ol (5559l (cuwlild pgs 4 i YA

Lagjlwani olos s pbol (V Jgis) odal cawd 4 359l
o515 5 olo Lasd 10) ol w515 5 CudlS )b Sy S Loy
525 plxl (@ yeyio > g V¢

9 35Sl o uaily 3y Slae i e 3 st plosl |
3,80ae b ol duglis 5 o basgs (15950 9 ol Cadgazme Ll
3ySkae oS i 50 il o o3e] o & ol
el dw )0 calisee bl jo wlgi sniSagame Jole o 5l 35U
1 dpwle

0l (gilwdnds Juuwsliy 3)Slos oy OS] 1S 3, Sos Y5
SIS By 3,Slac b b Jso by

3y Slos cpy BB 10T Cudgasme I il 3 )Shos M5
ol cadguoms bylyd )3 Jao bawgs (gilodnd 3,Slas 5 il

Oy OB 15 ymid Caadgudne I (il 3 Sdos M5
bl 53 e b (55l 3p-Shas 5 by 5, Slec
(9P Cadgioxe

Jelss 51 o o (o e 3 )Shos M glgl (30055 1 g
Slr cwlie sl Kal) coles 3 5 s M ol S50 e
olod 00,8 sl b s a0 M ) il JBls a4
31 ooliiul b cdel o 4y Jho (293 5 45 0ud (gjlwdnds Slao
3JUT 5 o e (R Development Core Team, 2011) R 4ol

=231 9 9 ySlas g oumd (g jlodtimsds Jamiaily o ySlas
aliosls

9 39liS &l 3l odal cwd 4 ably 5 Shas V S5
sladbo g gblio )3 1) 38)nise 0ad (gilwdnd Jusly 5Slos
g @blio ) Jouwsly 5y Slas aaly i ad o L dalllas 590
plasl g5 ySlae) JlSa 3 5 VFF U AA oy adlles 350 (sl Lo
P OSYALNE G (o8ly cladSlos 5 0d (il (loydd
ol Cawd &y )l

O i Sl 5 00 (gl sy 3 Slas baugie
Ol e 5 (=S LS 33 (5 Vee b lgjans Gl o o570
2 ol Sy Mg Jedly oyt S )3 (5 WYY Ll
3o 4 ol Sl B (i 3 1 85 o

)l g )3 et S s | Sl &l (6 )8
Dalgliesh, ) (i 8, Jglas jl eolaiwl b SB glaiolyb 51 goloss
(Personal Communication, 2011; Yin & Van Laar, 2005
5 ) (b Ao yd) S 8l sa e LS5 slin) slue p &S
S48 gl el 00l (g 68l (ogaste (g 9 (S

2 2By 5y Slas 5 A5 Camdg Sl (AT S jolaie o
L g aeligiown JB 5 5l 5)50 GleMbl caalllas 3550 3blie
Orodine (B 9 gl il (65y5liS ke plojlo 5550
8,5 )18 Bblie (il (15)glsS Sl gy ik Sl > (L
3 ol 3 Slac 21 i SleSe] o) syglamr el oto
»odd gyl SVl Sl (B g £l ) (e g S8
&l 5 odal s dy dly 3,Sdos 15l dgy & lhe Al i
9 Cils Zu)b eogls Cale) g Cdls @515 (8 cutS (o poliS
295 b § e 55 syl Sl sl 5 e il
Al SIS L baspe (o) Sluogad (S g dyie 0 ()9
el

Uolse 15 5 S Ml «lilsn (cloosls 3505 3)ls L
2 dpasbiypiny bug oliwjed » g)lje 3 00 il (G pe
Lolyd 55 addllas 590 (3blio )3 ol (l 3 Sdas «CanjSgw Jao
Ot b (il (gt Cadgime g ol Codgisme il
b )3 ujSe Jio iy 3)hos (gjlwdend sl jolate
Ol L &8 xe pl 4 0 o3l )18 Slegil 22358 5 ()l
Oisre plS 5 g de)ie byl I a8 4y i B O]
o Jie bawgs (23355 g (yll (Sl do a8 @ o jed LB
sy 5y Slae o e 13 355 gl Sslagi 0
Ol 423 35 g Gl red B )3 (Ghed e @idiadd AL I (b
bulyd 3 3y Shoe (gilwand (lp Ml 08) o Sluogas
ool Lol Sslogsl Laylys )3 Joe 53 (23395 5gS o] Candgimo
Ol 4 b yad ym yd o5,9liS a5 canl Slabs slaws olul 5
Aol 32,k 5l odel Cawd dy SleMb ) 1)l (o yiwd ()bl
as )i cud b olise 4 Ol ylol by el pl () Sy
Cadgiome baylyd )3 3 Slas (gjlodnd gl 2 plxl Jio bawgs
ol o (22355 Lol Slogil b 5 (o)l 5816 52
b wgs doli iy 3ok jla s aadg S cladd sliai g i ue

2- Pedotransfer functions



LA R RCCIRCE RO T LA S PPIPS YW

o a5yl a3y 45 o) Cond Hb gxe K9y oyl ba]

o

P oS Y 9 Y0) sl Cand 4 d o g g sl i o

2 eJlw (b yaiie Jouily 3)Sles Slyss 89 4251 (1S
S Sz ) Lol conl dtily Jo3 o byl yoids 51 duo j> £

Sabzevar Torbat-Heidariyeh Torbat-Jam N

140 -

120 W‘\/\ - 40
~ 100 _
§ 0 - M — 30 %
= 60 - |20 E
EOE 2
é 7] Ghoochan Mashhad Neishaboor i TE“
§ 140 W Lraa pftda AN <

120 _—

100

80 —W W L 30

60 - 20

40 -

T
3 o

e T =T A T T L A PR .
P FT P FFFHFF ISP

A W

Year

15

| I | | I | ]
o o SV ‘
& &

Yoo A sl b addlho 5,90 (51l s 55 W i (O) (#Blg 5 Sl g (A) 2uwd (g3 lwenand Jamwiliy 3 ySdos ol punts - KW

yaay

Fig. 1- Changes in simulated potential yield (A) and actual yield (0) of sugar beet in study locations during 1992-2008
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Table 2- Linear relationship between sugar beet actual yield and year in studied locations
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Fig. 2- Simulated yield potential as a linear function of temperature in sugar beet from planting to harvest time
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Fig. 3- Long term simulation of water-limited yield in the study locations during 1992-2008
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Table 3- Coefficients of multiple linear regression between climatic variables (dependent) and root yield of sugar beet

(Independent) under water-limited conditions
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Fig. 5- Long term simulation of nitrogen-limited yield of sugar beet in the studied locations during 1992-2008
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Introduction

Crop productivity is highly constrained by water and nitrogen limitations in many areas of the world.
Therefore, there is a need to investigate more on nitrogen and water management to achieve higher production as
well as quality. Irrigated sugar beet in the cropping systems of Khorasan province in northeastern of Iran
accounts for about 34% of the land area under sugar beet production (~115,000 ha) with an average yield of
around 36 tha". However, there is a huge yield gap (the difference between potential and water and nitrogen-
limited yield) mainly due to biotic and abiotic factors causing major reduction in farmers’ yield. Accordingly,
yield gap analysis should be carried out to reduce the yield reduction and reach the farmer’s yield to the potential
yield. The current study aimed to simulate potential yield as well as yield gap related to water and nitrogen
shortage in the major sugar beet-growing areas of Khorasan province of Iran.

Materials and methods

This study was carried out in 6 locations across Khorasan province, which is located in the northeast of Iran.
Long term weather data for 1986 to 2009 were obtained from Iran Meteorological Organization for 6 selected
locations. The weather data included daily sunshine hours (h), daily maximum and minimum temperatures (°C),
and daily rainfall (mm). Daily solar radiation was estimated using the Goudriaan (1993) method. The validated
SUCROSBEET model (Deihimfard, 2011; Deihimfard et al., 2011) was then used to estimate potential, water
and nitrogen-limited yield and yield gap of sugar beet for 6 selected locations across the Khorasan province in
the northeast of Iran. This model simulates the impacts of weather, genotype and management factors on crop
growth and development, soil water and nitrogen balance on a daily basis and finally it predicts crop yield. The
model requires input data, including local weather and soil conditions, cultivar-specific parameters, and crop
management information. Soil water module was used to determine soil water balance under water-limited
conditions. Some questionnaires were then sent to extension agents to obtain information from the main sugar
beet producing fields in each location.

Results and discussion

The SUCROSBEET model reasonably well predicted root yield across the study locations. The model could
be used to simulate sugar beet yield under potential, water and nitrogen-limited situations. Simulation results of
SUCROSBEET model showed that the lowest and highest sugar beet potential yield were obtained in Sabzevar
(100 t.ha™) and Neishaboor (137 tha™), respectively. Total yield gap (the difference between potential and
farmer’s yield) ranged from 74 to 109 t.ha™, in Sabzevar and Neishaboor, respectively. Despite the fact that most
of the farms had been irrigated up to 20 times over seasons, there were still yield gap of an average 42 t.ha™ due
to water shortage. To reach the potential yield in the study locations, more than 2000 mm water is required in
Sabsevar and Torbat-Jam and 1400 to 1500 mm in Ghoochan and Neishaboor, respectively. On average, to fill
nitrogen-limited yield gap, 440 to 530 kg.ha" of nitrogen for sugar beet uptake are also required. However, the
farmers in various locations have been able to apply only 50% of the sugar beet nitrogen demands during the
past decade. The results of the current study also suggested that the farmer yields of about 16-48 t.ha™'in the
irrigated locations across Khorasan province, were not constrained by low genetic yield potential. It is also
needed to irrigate more than two times in some locations for reaching water-limited yield to potential one.
Although there is a high potential for production of sugar beet (more than 130 tha™), the ratio of yield
production to water consumption (known as water productivity) is not suitable in the study locations and
production of sugar beet would not be cost-effective. Another issue which has not been considered in the
simulations is qualitative traits of sugar beet (such as sugar content, Alkaloids, molasses sugar, sodium and
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potassium in storage organ, etc.) particularly under different levels of nitrogen applications. Although increasing
nitrogen application would be resulted in higher yield and lower yield gaps, supplied nitrogen more than crop
demand could be accumulated in storage organs and reduce white sugar yield. For instance, every 15 kg
additional application of nitrogen reduced sugar content by 0.1 percent and reduced extraction coefficient of
sugar. It is also worth noting that the current version of SUCROSBEET model is not capable to simulate
qualitative traits of sugar beet and a few subroutines are needed to add to the model for future investigations.

Conclusion

The results indicated that although there is high yield potential for sugar beet in Khorasan province, water
productivity would not be reasonable. In addition, yield gap in sugar beet cropping systems which reflects the
actual yield gap in irrigated environments is essentially due to non-adoption of improved crop management
practices and could be reduced if proper interventions are made.

Keywords: Limiting factors, Modeling, Nitrogen balance, Nitrogen shortage
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Introduction

Considering the nutrient loss, environmental pollution and increase in production costs on account of
chemical fertilizer application, supplying mineral nutrients based on organic sources and mycorrhizal inoculation
can improve organic matter content in soil (Hallajnia et al., 2007), promote sustainable production of oil crops
(Kawthar et al., 2010) and ultimately affect the long term performance of the agricultural ecosystems in arid and
semi-arid regions. Safflower (Carthamus tinctorius L.) is an annual oil seed crop belonging to the Asteraceae
family and its spring cultivars are mainly grown in semiarid regions, especially in Iran.

Hence, the current experiment was aimed to evaluate the effects of manure application and mycorrhizal
inoculation on yield and yield components of spring safflower cultivars in Iran. In addition, quality yield in term
of oil percentage was studied in response to experimental treatments.

Materials and methods

A field experiment was conducted at Agricultural Research Station of Ferdowsi University of Mashhad, Iran
(latitude: 15° 36" N, longitude: 28° 59" E, altitude: 985 m), during growing season of 2009-2010, by using a
completely randomized block design based on factorial fraction with three replications and sixteen treatments.

The experimental treatments included four spring safﬂower cultivars (Darab, Isfahan, Arak and IL-111), two
manure levels (no applying and applying manure 25 tha™) and two mycorrhiza levels (no inoculation and
inoculation with Glomus mosseae).

The experimental field was prepared according to the local practices for safflower production. Each plot was
6m* (3 m long) and 1 m apart. Between blocks, 2 m alley was kept to eliminate all 51de effects of treatments.

Seed sowing was performed at 14™ April in 2010. Final density was 50 plants.m™. The first irrigation was
immediately done after seed sowing with weekly irrigation until physiological maturity stage (10 days before
harvesting).

At fully blooming stage, plant were harvested in one square meter in each plot and fresh and dry petal yield
were recorded. At maturity stage, five plants from each plot were chosen randomly and number of branch per
plant, number of seeds per head, seed weight per plant and 1000-seed weight were recorded. Final grain and oil
yields were measured by harvesting 1 m? of the central part of each plot.

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

Results indicated that applying manure significantly affected number of branch per plant, number of seed per
head, seed weight per head and 1000- seed weight as well as petal, grain, biological and oil yields of safflower
cultivars. For instance, the applying manure significantly increased grain and oil yields of safflower cultivars
more than two times.

As mentioned before, organic fertilizers can improve the organic matter content, aggregates stability and
nutrients availability in soil (Khandan & Astaraei, 2005; Halajnia et al., 2007), so application of manure fertilizer
and gradual release of mineral nutrients into the soil would increase the growth, production and quality yield of
spring safflower cultivars.

Based on the results, effects of mycorrhiza inoculation on increasing the number of seed per plant, 1000 seed
weight, petal, grain, blologlcal and oil yields of safflower were significant. The highest grain (2546 kg.ha™) and
oil yields (685 kg. ha) were obtained from manure + mycorrhiza inoculation treatment. However, manure +
mycorrhiza inoculation treatment did not have any effect on oil percentage and harvest index. Effective role of

1 and 2- Professor and PhD Students of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, respectively.
(*- Corresponding author Email: rezvani@um.ac.ir)
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mycorrhizal inoculation in increasing the grain yield of safflower has also been reported by (Mirza Khani et al.,
2010).

Among safflower cultivars, Darab cultivar indicated the highest grain and oil yields (1327.7 and 346.4 kg.ha’
! respectively). Based on our results, Darab and IL-111 cultivars had the most grain and oil yields, in
comparison with Isfahan and Arak cultivars. However, no significant difference was observed between the
spring safflower cultivars in term of number of seed per head and oil percentage.

Conclusion

Consequently, selecting the Darab cultivar and applying manure in combination with mycorrhizal inoculation
is strongly recommended to achieve a reasonable and stable yield of safflower. However, the environmental
conditions of the cultivated area should be specifically considered to select a spring safflower cultivar.

Keywords: Bio fertilizer, Harvest index, Oil yield, Organic fertilizer
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Table 2- Competition indices in intercropping
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Table 3- Analysis of variance (mean square) of planting pattern and nitrogen on wheat yield, chickpea yield and wheat
equivalent yield
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Table 4- Effect of planting pattern and nitrogen on wheat yield (kg.ha™)
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W": Sole cropping wheat W,C,: Two rows of wheat with one row of chickpea
W,C,: One row of wheat with two rows of chickpea
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Different alphabet indicate significant difference at p<0.05 based on LSD.
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Table 5- Interaction of planting patternxnitrogen on chickpea yield (kg.ha™)

(US> 4> 0,55kS) 5940
Nitrogen (kg.ha®)

0 25 50 75 100
Cuils’ 551
Planting pattern
C 1483°  1810° 2212  2424° 1821°
W,C, 539.8%  619.1¢  555¢  451.1% 317.2°
W,C, 156.7%  193.6® 153.1" 119.2% 90.518
LSD 5% 225
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C: Sole cropping of chickpea ~W;C,: One row of wheat with two rows of chickpea
W,C;: Two rows of wheat with one row of chickpea
2l o LSD (051 bl s yd iy Jlain] o 55 )l dxe M) osimd U5 aplite pué gy
Different alphabet indicate significant difference at p<0.05 based on LSD.

(LS8 53 0,5 5kS) 5 Jolaan 3,Khos 1 (3553 ¢ CadlS (550 Jlite 51— Jgan
Table 6- Interaction of planting patternxnitrogen on wheat equivalent yield (kg.ha™)

SIS )3 0,5 9kS) (459 545
Nitrogen (kg.ha™)

0 25 50 75 100
Cuils 5o
Planting pattern
W 4308 523377 5810  5819™  5624™
W,C, 3781M  4695%T 46429 5093°¢ 4984
Ww,C, 3575" 4104 4024 3901"  3442°
C 4862%  6472°  5906™  4833%  3960%"
LSD 5% 716

oA puE W el)5 0955 Capdy 90 g paiS cindy G IWIC,  oly) 0950 ndy S g pliS ) 93 :W2C
C: Sole cropping chickpea W,C,: One row of wheat with two rows of chickpea
W,C;: Two rows of wheat with one row of chickpea W: Sole cropping wheat
il o LSD 905 Lol duop iy Jlein] grbanw 53 o ime M5 osimd Lt dslite pué B9 >

Different alphabet indicate significant difference at p<0.05 based on LSD.
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Table 7- Effect of planting pattern on wheat, chickpea and total land equivalent ratio and relative crowding coefficient
Cuils’ 591 (LER) g0 2l 52 S (K) 0515 (ool 35
Planting pattern Land equivalent ratio Relative crowding coefficient
pNS Fhisgs S eaS (Sljags S
Wheat Chickpea Total Wheat Chickpea Total

W,C, 0.79 0.08 0.87 1.93 0.15 0.30
W,C, 0.46 0.25 0.71 1.73 0.17 0.29

=105 2955 Cndy 50 9 pAS iyd) G bglbe culS WG, el)5 2955 candy K g paiS iy 90 bglbe cuss WG
W,C;: Two rows of wheat with one row of chickpea W,C,: One row of wheat with two rows of chickpea

395 g S bgldto CuiS (gkodgmw g 2Blg 3 Slos WidlS ( Ul Comd cCudle ad Ll o CuilS 6951 S1-A Jgus
Table 8- Effect of planting pattern on wheat and chickpea aggressivity, competitive ratio, actual yield loss and intercropping

advantage
) . (CR) (4, (1A) byka CuiS giad
Cusls (A) cde Laslis A (AYL) 815 5 Slos ials Seodg
. -, Competitive ratio . Intercropping advantage
planting Aggressivity (A) (CR) Actual yield loss (AYL) (IA)
pattern
XV ] XV 3954 PRV 3959 Js XV 3954
Whea <=3 Whea <=); Whea <=y; Whea <=l;
> * > Total * Total
t Chickpea t Chickpea t Chickpea t Chickpea
W,C,” 0.97 -0.97 5.43 0.18 0.19 -0.78 -0.59 64.7 -702.4 -637.7
W,C, 1.01 -1.01 3.64 0.27 0.39 -0.62 -0.23 131.5 -556.2 -424.7

=3 3656 Gy 93 5 pliS iy Sy bglss cutS TWICy sl)) 3956 Gy Sy g paiS Cind) 93 bgle cuzs ' WHC)
W,C;": Two rows of wheat with one row of chickpea W;C,: One row of wheat with two rows of chickpea
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Introduction

The practice of growing two or more crops simultaneously in the same field is called intercropping and it is a
common feature in traditional farming of small landholders. It provides farmers with a variety of returns from
land and labour, often increases the efficiency with which scarce resources are used and reduces the failure risk
of a single crop that is susceptible to environmental and economic fluctuation. The most common advantage of
intercropping is the production of greater yield on a given piece of land by making more efficient use of the
available growth resources using a mixture of crops of different rooting ability, canopy structure, height, and
nutrient requirements based on the complementary utilization of growth resources by the component crops.
Moreover, intercropping improves soil fertility through biological nitrogen fixation with the use of legumes,
increases soil conservation through greater ground cover than sole cropping, and provides better lodging
resistance for crops susceptible to lodging than when grown in monoculture. Careful planning is required when
selecting the component crops of a mixture, taking into account the environmental conditions of an area and the
available crops or varieties. A number of indices such as land equivalent ratio (LER), relative crowding
coefficient (RCC), aggressivity (A), competitive ratio (CR), actual yield loss (AYL), and intercropping
advantage (IA) have been proposed to describe competition within, economic advantages and equivalent yield of
intercropping systems (Agegnehu et al., 2006; Banik et al., 2006; Dhima et al., 2007). The objective of this study
was to determine the best treatment of sole or intercropping of wheat and chickpea and evaluation of competition
indices in intercropping under nitrogen consumption.

Materials and methods

In order to investigate the competition indices of intercropping of wheat and chickpea under nitrogen effect,
an experiment was arranged as factorial based on Randomized Complete Block Design with three replications
during 2009-2010 in Gonbad Kavous University farm. Planting patterns factor included four levels of sole
cropping of wheat (W), two rows of wheat with one row of chickpea (W,C,), one row of wheat with two rows of
chickpea (W,C,) and sole cropping of chickpea (C) and nitrogen application consisted of four levels of 0, 25, 50,
75 and 100 kgy ha™. Each plot had 5 rows and the rows distance was kept 25 cm in all the treatments. Sowing
date was 19th December 2009 and plants harvested at 25™ May 2010. Eventually, seed yield and indices of land
equivalent ratio, relative crowding coefficient, aggressivity, competitive ratio, actual yield loss, intercropping
advantage and barley equivalent yield were computed. Analysis of variance was performed using SAS Software

(Ver. 9.1.3) and treatment mean differences were separated by the least significant difference (LSD) test at the
0.05 probability level.

Results and discussion

The results showed that the highest grain yield and wheat equivalent yield was obtained from sole cropping
of wheat. In the intercropping of two rows of wheat with one row of chickpea and one row of wheat with two
rows of chickpea land equivalent ratio was 0.87 and 0.71 ,respectively, that was less than sole cropping of wheat
and chickpea. This means that intercropping requires 13% to 29% more land than the sole crop to produce equal
yieldswhich indicating greater land-use efficiency of sole crops than intercrops. relative crowding coefficient of
wheat in two rows of wheat with one row of chickpea and one row of wheat with two rows of chickpea was 1.93
and 1.73 and of chickpea was 0.15 and 0.17, respectively. The Aggressivity parameter indicated a tendency for
wheat to dominate chickpea in both intercropping. Competitive Ratio in two rows of wheat with one row of

1 and 2- MSc of Agroecology, Assistant Professor and Associate Professor Department of Plant Production, Faculty of
Agriculture and Natural Resources, Gonbad Kavous University, Gonbad Kavous, Iran, respectively.
(*- Corresponding author Email: mashhadi_ta@yahoo.com)
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chickpea was greater than one row of wheat with two rows of chickpea. Actual yield loss and intercropping
advantage in wheat was positive and in chickpea was negative. Intercropping of wheat and chickpea decreased
actual yield loss and intercropping advantage. The present study concludes that intercropping of wheat with
chickpea in different planting patterns affected seed yield, competition between the two species and economics
of the planting patterns as compared to solitary cropping of the same species.

Conclusion

Results of this study illustrated that intercropping of wheat and chickpea was not suitable system.
Intercropping indices such as Land Equivalent Ratio, Aggressivity, Competitive Ratio and Intercropping
Advantage indicated that wheat crop was the dominant species in two intercropping treatments.

Keywords: Aggressivity, Competitive ratio, Intercropping, Land equivalent ratio, Seed yield
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1- RCI: Relative competition intensity
2- CR: Competitive ratio
3- ACI: Absolute competition intensity
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Table 1- Effect of treatments on seed and biological yield of sesame and mung bean on mono and intercropping systems
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Table 2- effect of treatments on Land equivalent ratio and Actual yield loss indexes
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* Means with the same letters in each column are not significantly different at the 0.05 level of probability.
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Table 3- Effect of treatments on Relative competition intensity and relative crowding coefficient and aggressivity indexes
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Introduction

Intercropping is one of the effective agroecological systems which presence of two or more crops in this
system will increase total yield due to improving some resource use efficiencies such as nutrient and light
(Aynehband et al., 2010). In this regard, it has been found that-in corn-mung bean intercropping system the
highest forage yield was belonged to 75% corn and 25% mung bean density ratio (Aynehband & Behroz, 2011).
Hence, the aim of this study was to evaluate the competitive ability of sesame and mung bean crops in
intercropping system and its effects on grain yield of these crops in Ahvaz.

Material and methods

In this research, a field experiment was conducted for one year (2012) at the experimental farm of Collage of
Agriculture, Shahid Chamran University, Ahvaz, Iran. Experimental design was split-plot based on RCB with
three replications. Main plot was included two planting patterns with 50 and 75 cm inter-rows and sub-plots
were included five plant density ratios with 100% sesame or mung bean and, 25% - 75%, 50% - 50%, 75% -
25% of each crop. Finally, grain and biological yield of both crop in monocropping and double cropping were
calculated and also some competitive indices such as LER: Land equivalent ratio, AYL: Actual yield loss, A:
Aggressivity, K: Relative crowding coefficient, RCI: Relative competition intensity, CR: Competitive ratio and
ACI: Absolute competition intensity were computed.

Results and discussion

Our result showed that both 50 and 75 cm inter-rows in 50+50% density ratios had the highest intercrop grain
yield, respectively (2.05 and 2 t.ha™). In the most treatments, sesame had the higher grain yield than Mung bean.
Increasing plant density had a positive effect on yield improving of both crops and increasing of inter-row had
more positive effect on grain yield than biological yield. The harvest index (HI) was improved by increasing of
inter-row due to increase in grain yield and decrease in biological yield. The LER index was higher than one in
all intercropping treatments which mirror the priority of intercropping systems compared to mono-cropping
systems. In both inter-rows and in 50% and 75% sesame density, LER of sesame was higher than LER of mung
bean. The highest LER (1.34) belonged to 50-50% density ratio of each crop and changing in inter-row had not
effect on LER. In addition, reduction in sesame density ratio (less than 25%) converts this crop to lower
aggressive crop. When density ratio of mung bean was more than 75%, this crop had a suitable aggressive
situation in canopy. At the same planting density (e.g. 50%+50%), sesame will be more aggressive crop and
also, have higher use of inputs than mung bean. Without change in density ratio, increase in inter-rows, increased
the aggressively of sesame (from 0.15 to 0.17), while this situation decreased the aggressively of mung bean
(from -0.15 to -0.17). It is found that, ignoring the density ratios, wider inter-row caused increase in sesame
aggressively (from 0.15 to 0.17), but, this situation had opposite effect on mung bean. It seems that some of
these different reactions between both crops was due to differences in plant height (sesame was taller than mung
bean) and the placement of pods in crop stand (sesame pods mostly located on the top of stand, but mung bean
pods are in the middle of stand). These anatomic differences caused that just when mung bean density was more
than 75%, this crop became more aggressive than sesame.

Conclusion

1, 2 and 3- Msc student, Professor and Associate professor of Department of Agronomy and Plant Breeding,
Agricultural Faculty, Shahid Chamran University of Ahvaz, Ahvaz, Iran, respectively.
(*- Corresponding author Email: aynehband@scu.ac.ir)
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It is concluded that sesame had higher competition ability than mung bean, so this crop was dominant crop in
intercropping system. Sesame also had higher relative crowding coefficient. This advantage caused to this fact
that sesame had a decisive role to shape the intercropping canopy arrangement, but mung bean had a lower
change in actual yield loss than sesame in intercropping system. In addition, 50% - 50% density ratio was the
optimum intercropping density due to the highest grain yield and also, 75 cm inter-row was the best cropping
pattern due to optimum competition ability. It is also found that the grain yield is not the only appropriate
parameter in intercropping system; therefore the other competition indices for this system should also be
considered.

Keywords: Aggressively, Competition intensity, Land equivalent ratio, Plant density ratio
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Introduction

In many parts of the world, there is not enough precise information about suitable land for cultivation. On the
other hand, variability of weather, soil and topography result in different agro-ecological conditions which may
be suitable or unsuitable for some crops (Ghaffari et al., 2012). Land evaluation is one of the applied methods to
achieve sustainable agriculture.Agro-ecological zoning is one of the land evaluating method that can be used to
find better lands and improve the planning and management of land resources. This research was performed to
perform agro-ecological zoning across Qazvin for cultivation of wheat. Providing a comprehensive database of
land resources properties for planning and organizing of optimal land use, land suitability evaluation in each of
the Agro-ecological zones was aimed as well by using parametric method (square root), calculation of wheat
potential yield and land production potential in each of the agro-ecological zones .Finally in order to extract the
zoning maps of each soil profile a database in the GIS environment was created.

Material and methods

Study area: The present study was conducted across Qazvin which is located in 36° 00' 27" and 36° 11' 6" N
latitude and between 50° 16' 58" and 50° 20' 16" E longitude. The study area is 16618 hectares.

Isohyet map: In order to prepare the Isohyet map, since there was a few number of meteorological stations
in the study area isohyet map was supplied by the Directorate General of Qazvin weather. IDW was used as
interpolation. To obtain isothermal map, the regression equation was used between annual mean temperature and
height temperature..

Length of growth period map: To obtain length of growth period map, the, potential evapotranspiration
during growth period was calculated by Cropwat software across for selected weather stations (Nirugah, Bagh
Kousar, Qazvin and Boyin Zahra). After Growth period maps were obtained based on stations, isothermal and
isohyet lines.

The soil map: For soil mapping, aerial images 1/40000 area and the IRS images as auxiliary data were used
in field studies. Morphological properties of 61 soil samples were measured. then soil families were determined
and finally the soil map was prepared.

Land use map: Landsat 7 ETM " and IRS satellite images in 2011 were used to prepare a land use map.

Agro-ecological zoning map: Agro-ecological zoning map of the study area was obtained by combination of
agro-climatic data (Isohyet map, Isothermal map, Length of growing period map), agro-edephic zoning (Soil
Map, Slope Map, Land use map) and using the Union function in GIS environment.

Land suitability evaluation: In order to evaluate the Land suitability in Agro-ecological zoning, conformity
of the land characteristics in each defined zone with wheat growing requirements was done and the final class of
land was measured.

Potential yield: To estimate the Potential yield in the region, FAO model (Sys et al., 1991), was used.

Results and discussion

After overlapping desired maps in the GIS, the study area was defined and separated into 43 Agro-ecological
zones.

Land suitability evaluation results: Based on square root method, 34.14%, 43.16%, 14.94%, 4.03% and
3.72% of land were located in the classes including highly suitable land (S;), moderately suitable (S;),
marginally suitable (S;), unsuitable (N) and unstudied (NS), respectively. Potential yield of wheat was obtained

6666 kg.ha! by using the FAO method.

1 and 2- Professor and MSc Student, Soil Science Engineering Department, University of Tehran, Karaj, Iran,
respectively.
(*- Corresponding author Email: fsarmad@ut.ac.ir)
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Conclusion

The main aim of this study was agro-ecological zoning of Qazvin for agricultural planning. By overlay agro-
climatic and agro-edaphic zoning maps, 43 agro-ecological maps were obtained. Land suitability and potential
land production evaluation were performed in each zone for wheat based on parametric method (square root).
The results showed that climatic properties did not create significant limitations for wheat cultivation.
Limitations related to soil properties results showed that the central part of the study area was the most suitable
zone. In addition, soil depth and gravel percentage in the northern part beside salinity, alkalinity, lack of organic
material and gypsum are the major limiting factors in the southern part of the area. Our results indicated that
agro-ecological zoning is an essential tool for agricultural planning. In this approach, key and important
components, as a similar set, characterized potential agricultural capacity and its limitations for decision makers
and planners.

Keywords: Land use, Potential yield, Satellite images, Square root, Suitability classes
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bl 1oy ¢ (003 23) 2950 &l g Ao yd 3 YL el s & )l 15 9,56k 2310 5 750 L ply iy & alls S 51 So5elgm
SUTA) i 6yt o iy cisinled] ) gl ol 2392 lamlos WI00 + 5556 H50 CtlS’ s &0 bgye (30yo 1/47) hanlo
s 4 lnl H100 + 3556 H10 2l les ) (1A ZU/T0) bglsn oS (gainsgms lin 5 (AYLE6/5) 5 Shee 81, il (LER
31 onlil 69000 g o3lamdl dalyd yial58l (ol 5956 110 + wlualow %100 il58) bgle i )lows 4 5,8 blizul (g5 o iz 13000

A5 phe slabasMe BB jobo &y yie

o) Sl G (bgliie CulS (gaiedgw il (pSgy o Slas oaBly bl uilol [ galS gWiojle

Cope 4 oS Caol oad bl Bl dewes (gloyeulS 51 gyl 5o
ool o (Vandermeer, 1990) coul jls,55 5 (slosug Caonl
SRS Ll ey eSS )18 bolses cuis > wglite
ciS U duwlio j byl cuiS 3 Slas o (ol polic §
Codgdme 4 4og b .(Neumann et al., 2009) s 0 o)l
Lin by wde b bolsee cuiS gl s jo cuis” LB 51
ol ca 3 (o) Jlo S0 53 g (e adla Sy ol oS

(Banik et al., 2006) cul ¢lao Jlub (5jy5LiS laal

1wy 5 (Pooramir et al., 2010) L Ken 5 yuol)s

Aoddo

x5S 4 Gt b (S ele Cliios gl ) B
)3 (29)h OLALS CsdeS g CraS o (pliond pgaws 9 LadS
aS byl cuiS Jio (chde (sl3,Ss4, .(Griffe et al., 2003)
S5k 5 (K253 (sl 5l oalisel 4 1y Coglgl g5 Al b
ol Jl Y gaze pladgi L dlarly ) ipd o Canj lame b
Rezaei-Chiyaneh et al., 2014; ) coul 5,05 5 liis 9
.(Koocheki et al., 2012

Ll B (65,9LaS” slapiums Sl (S plgie @ bolee s

5 dvosyl oSty (555l 01Sils ccly o9, sk (i 42 51

Olrl 0l o9 ply oD «(55)9liS pole (el 095 sLaliul
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sl asls 9 5,Sles oUj,l s (Ahmadi et al., 2010) o )\Son
Sile o (Hordium vulgare L.) g bylsce cuiS )3 (gdiodgu
Xiedgw 45 45,8 yl5 S (Viciavillosa L.) lasgs 5
sl ] Lalls S 5l sz olS o3 ol (IA) “bgls oS
3 i batdsee slajloss ooled ) (LER) (o) (sl Connad g
3 A el s

S ey 50 (AYL) s Slee (adly cdl (asls g3 S
5y Slas el wypdy50 lapSTy b balswe cuis slacuS
g S ST 4 bgle culS (ghiedgw Sl &S cubly

T PR BN SN I NN INK S LS WK
Coedl 4 a3 b il oo )l jlons i (slag,ls 9 &Y guae
poid am a2y b 5 g blee cutS slapllas (ol)j 5 (0555
L iobojl ol sale (slapmsli con jl bapllss oyl .55 L))
92956 (il bglve CulS Cod (p it (S (g2 B0
blsd 5 iS5 b awlie s (Nigella sativa L) aslaabu
03,5 sl 0ads ploa 9 O Laylys )5 bglse

L9, 9 3190

CudS 5> aibialow 3956 (AS 9 (o5 3 )Shes (b))l jlate 4
L Bolas JolS” slacSsh )b B > bl o otlj3l bglse
byt = Lol Gl 3 @dly glas)ie )3 S5 4
23 5 a3 45 LUslse Job L 1391-92 el Jlo 5 oass
)l 5 Jlod ad> 51 5 42,536 bl (o8 5 By did>
Sl S5, 5 Lo Lauwsio (slaySilis b g s gebaus 51 ,201290
9 30,5 5w a3 1240 1y s b 03 0,93 S b o
oA cuiS ol Lilojl slolaws el p3 1al a4y 2o Lo 323
%100 g0 %10 + el %100 whalw (b cuis oy
%100 450 %30 + wlial—w %100 3450 %20 + wlanl—w
ool s 3950 %50 +aslanlw %100 4 5950 %40 + wlinlow
S92 il ¥l sl o

Slas e ol pyow o9 0395 | ailialus oalaisl 350 i
ILC 482 5, 395 osliial 3590 5ds 9 ladal yo B <85
ol )8 5 09y 0 agd aflie w0 Oladss ylojlu 51 a8 2g

2- Intercropping advantage
3- Actual yield loss

AouS 3y Sles (glial 5 0)Shos j e Bl slacaS S
cuiS > (Cicer arietinum L.) s¢50 4 (Sesamus indicum L.)
5y Slas polae (p iy a8 W0b L dol38l ol gy bl
9 Sglom 2,dos (yieS g (alld S Sl 2950 Sulgm 9 b
ol el Ceans @ 0950 110 + oS %100 csls cons 5l b
23556 s ialS s a1y 5 Slas (ials cle liase
S cilizee GlagSll S3lgST gy 53 00,8 GBS bglsee
Ll 5 (Borago officinalis L.) oLs)l L35 sy bele
3y Slos oy yiidey 45 A5 asuie (Phaseolus vulgaris L.)
ol e 508 5 s €S 5] ol 53gS 5 L) L
YL ol el s @ (44) Lol ¢ Lug) ciy Sl 663 )
ssnlin 22 (5)lss S 59U )3 (LER) o5 sl o
.(Koocheki et al., 2012) x> 5

(Hasanzadeh Aval et al., 2012) 5o g Jol o3l cyu
b o (Satureja hortensis L.) o), bolsw cuis wyp ;o
S o9 45 wzils ol (Trifolium respinatum L) l,!
29 by e it I uiy (alls s )2 050 o) (slapli]
S )y, (Motaghian et al., 2014) -,LSen 5 ;L
Oj 45 xsl s asuS 9 (Ocimum basilicum L) ol ) bl
obae g pals cutS ) i bl ctS 3 gl &b e
gl by e ciS (S$59J6ST cLaaix (Jahan, 2004)
Calendula ) ,Lqsdiwen 4 (Matricaria chamomilla L.)
Olgmie 99y iy ool 365 4 28Ty 4 1, (officinalis L.
99050 I 28 slacaus |y Gl olise cp YL &S cash
3 s o ol )b, )3 5 40 o B ol 368 B e
Ls—w ¢ (Mentha piperita L) 1as gliw by lsee cois
50 sgus il glin 5, Shoe & sl L5 (Glycine max L.)
Ao 9 SV Jotie Mo yd (peid )3 9 WS (oo My ]l o>
L bl S Bl §) o 39 gn a8 SIS it 5 oo
(Maeffei & Mucciarelli, 2003) 595 0 (A ool

cuiS wyp 4> (Ghanbari et al., 2010) e o (il
,lbs! (Cucurbita pepo L.) 18 4 (Zea may L.) o) byl
O Sl s bydsie ciS slajlon 48 > o5 aiihy
g el b g5y Al CiS a g 03 Gl S5

1- Land equivalent ratio
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Table 1- Physical and chemical characteristics of the soil

S Colan o L
. RYIE B el .
o . 2 ooy j swd) ) . HB ol
b (303 (Mﬁ? Sl (w0 3) o) e (e g5 Jisske - ) S (Ploste) i
Texture  sand ?,'/Lt) ((:(,'8' pH ECx10° (%) . (! Available K
(%) (dS.m'l) Total N (%) Available P (ppm)
(%0) (ppm)
e o) 5 45 50 75 0.34 011 1.27 14.1 467
Silty- clay

ol 015 03,9
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Sl s wlalow gly b Jhia 59 9 JsSJe8 50 ail dlasy i
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5 b @ e i il g 65 eSibe b g Giled
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099 2 5l ey ((Sfglom 3 Sdas (s gl 285 00
Bl byl cod g 35Ul sled )0 adiges cailialuw 5 3550 yady
sanliie colw 24 b 59 lpuss a5 ol 5 w0 St
s Ladigel SUid (59 Glois 4 pigh jl Jols sliel ()
LacdMe 5, a8 Slo; 92 Jlw olo 15 10 sg56 cusly o 8
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1- Rhizobium leguminozarum



1394 55l 3 oyleds 7wl yg5y0liS ol pos 4,2 384

B S Cygo o pd gy Jlois] e 3 (Sl (glaiely i

olwl 3,8kes ¢ uilil doyd cyeusi 3w .(Clevenger, 1928)
(Rezaei- i a il uilwl dopd X asly 5, Slee bl
chiyaneh et al., 2014)

@ byl S b)) sbpasld ;5 gls bl (550 5]
Lol Cowd

Gk (w0 3,Skes (ol ) (05 Sl Conmd a3l ()
‘(Vandermeer, 1990) 13,5 o3l (1) aoles

LER = L+Y—2 (1) asles

N
psd 5 Jol sladieS 5ySlas Cuiyi 4 Yog Yo dblro (pl po
390 3 (sdemdyyl SleMbl (AYL) 5 Slee sbly cél (o
AYL (23l jlaad o Cand 4 bl (3 4565 a0 )lid) ol
oge 2 0l s 4]y 3 )Slas (RIBIL Gl (s S5
oalawl b a8 2 )l b s 4568 o 4 bayye (Si» LER o
:(Banik et al., 2006) ;3,5 apul>o (4) aolas I

AYLa = [LERa x (@) ~1] (@
Zab

AYLb = [LERbx (129 _1] 8)
Zba

AYL = AYLa+ AYLb @)

P D &S aspniZba byl cuiS 3 a 45 1oy i Zab
Lglsn S

55 dsle (5) dles M bglis cutS catasg sl (g
: (Vandermeer, 1990)

)
IA=[(—2 )x AYLa+ (— 2 )« AYLD]
pa-+ Pb pb+ Pa

b Jsame dnly ciod Ph @ Joaxe 1nly caid Pa
3y Sloe bly 8l IAYLD g a 552 5)Slas Ably cil /AYLa
WP PSS

SPSS ljéle 5 3l ol cawd 4 (slmosly Julowi g 43505 g
0905 Ugy bawgs (6ylel osel Cowd 4 (sl Sl dulio 9 16

1- Intercropping advantage
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3 b sl o eS¢ (dae 1/40) BMe > &by sluws oy yiin
%50 Jlows g LS il lacans jl ey 4 (ae 1/13) BMe
L 2956 Lalls cciS o el cuwd 4 ailialuw %100 + 5450
%100 + 5950 %20 cwslual—w %100 + 5556 %10 cLa o
S p il sl s 5l alaabuw %100 + 5450 %30 4 wlualow
3 3 3 ails sl (3 Jgia) wis eanlive (gl xe M3
by &l 2las a2 g M (oo (s |y olS (350 byl s
5 0392 Sty dlgo 8Ly sl 63555 e sl olS il
A daled il o Slae il 4y e cas oyl il coles o
CaiS ) slaseS gy culBy aS Wb (asuie )50 adsd )
Lens ) Lwis o (Cuminum cyminum L.) jow oy bl
b wie GYLE ,> adils slw sl o (culinaryis L.
[(Jahani et al., 2008)

S ) (Koocheki et al., 2010) hlSen 5 SooS
caiS jn Log aly sl a8 w6087 (45158 50 Lugl 5 ) bl
OhbSen 5 palygmy Bl (LS (gl ol 4 by ke
95,Skee obj,l (59, 29 adlllas > 35 (Pooramir et al., 2010)
Shwy a8 wizdly Hlebl balowe cuiS )3 3950 5 douS 3 Slos gljal
oiblS 1 iSST 4 ol balowe cuiS (0 256 BMe > &b
Db L (g)b pixe

L3950 palls ctS 3 asbh Jia 0y cnyeS s o yider
5956 50 cuslS s )3 ol o30S 9 &l (59 p)5 253 (pSSlee
Joas) 15 ssnlie wld (59 p)5 197 (nSibe b wilanl %100 +
=03 ly 03)9 5 3lge el )3 oS Ll b b i 5.3
O3y el Jd> 2l oo &b (a8 plej ) (ae balyd g Lo
29 > 4 Lals IS &y s Lgliee (glacaiS > b o
@ b &S Cul odgy 328 gpMianl 35 9 SIS 90 el
by lsxe ¢S > (Pooramir et al., 2010) o ,LSen ¢ yuol 500
,» (Tavassoli et al., 2010) ;,LSen ¢ Loy 9 1S g 3956
il Loy o (Panicum miliaceum L.) ;) byl cois
Ll

DS S 3955 (Sailom 3,Slas 5 b 3Skae (it
e (iS5 S )3 p SlS 4419 5 1105 1l iy o,
5956 190 cils cos I (Sojedon 5y Shos 5 ails 3, Slas

9933 (S 9 (oS 9 Slas

» als il glacuns Sl plis by 4528 @l
&l 5e M (3wl dliad gy ) BME lawi iy gli)]
I mime 2556 A (pgy doyd 5 aib 5,Slos (Sjelgn 3ySlos
2 Js2) s: (p<0/02)

29) (S 5 (20 sl 42) it o L Slee gl
CtS Jlag 5 3956 alls it ey 4 By lis) (2o 5L
(3Us3s) 15 Jols wilanluw %1100 + 3956 %50 oil38 Lol
byle ciS 3 3956 G glis)) pials e o s 0 55 @
wlad g ol slge Ol jr p gy o coldy s 4 iuljil
2950 Frluwgid 9 A8y (Al g )9 ol (AalS s &S 039 (S
ol o3l yialS bglse cusS 3 1) o] gl o] Jlos 4 g o

,» (Agegnehu et al., 2006) ) Kon 5 50551 Liusly oyl 5
elas )l as ol ol (Vicia faba L) Mol g g bglsee cuis
- e 3 &1 555 55 ey s @ bglie S > Yl 3
a8l ials gyb

BME i 208 5 (342 29) g ;> BME dluws oy i
50 jlow 5 alls cuslS lacuns jl e & (522 17) g0
150 csls s iz ya el cond @ ailinlos %100 + 5950
S 51 wlialow %100 + 5956 %40 [les b alanbuw %100 + 5450
(3 Jgte) cuslys (gl sixe W3] a5y > B sl

G 53 3956 Capd pr plin 2 o S Slacans (o 5
$9) 3955 sLadig Jold (05 peS Jd> 4 45 03953l bglse
don jd g Bl )il mle S (gl culdy wwuslS slacas,
5 Sy dlgo 39S Ao )3 5 Ay ) JFho alis 35008
) 3 ale (Bl polate @ (g 45) & g ol olaid]
L as wiolS jd e dlawi o 4y 3Slos linl Lials cely
,» (Aslami Khalili et al., 2011) ), \Ken 5 s oMl gl
Hamzei et al., ) o,LSen g Sose> 9 ML 5 9> bgle cuis
Sayedi et ) o )LsSen g (s .3y cillas g g 3950 5 (2012
5 BME i jialS e g g 2950 bglse S’ s (al., 2012
oilS caw 4y (el cuiS b duglis o bl cuis o |y g
Klo3)5 ()15 LS oyt )3 (ae plie
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» (Shaker-Koohi et al., 2014) ) ,LSan 5 245 SLs

(Vigna _sLs 4 (Sorghum bicolor L.) ps5 0w bslswe cuss
S > 55 50y il gy e 45 8L > radiate L)
OhHlSan ¢ alalis el il (alls cuiS & s bglse
shdgle ilo b g bglse cuiS’ > (Khodahami et al., 2010)
bolsee cutS’ > (Javanmard et al., 2013) )], 1S ¢ 550l
ey i g cglacig IS SLale) lopsS) (A b
Vicia ervilia ) aslsgl5 4 (Trigonella foenum-graecum L.)

Al csd ol gt 4 50 (L

dilaalicy (S g gaS 4 jSlac

2 JsSdsd sliss casay gl oy Hlis uilyly 450 s
«S5eam 0y Slas by Jlia 59 ( JoSsd j0 dsb sl g
calisee (glacaws )»b ot dhabu (bl Jopd g b 5,Slee
o casls Gilisee slacans il Lol (p<0/01) w3 )5 )lj5 cusls
(B Jgx2) 295 foigine slal i 51 il 5 Slos

@ sl alls cuiS I (o Bl 52) wg gli)l oy it
]33] bgde oS (layles b ()b xe coglis a5 el cwd
el wliabu %100 + 5¢56 %20 5 wlanbu %100 + 5455 %10
3956 150 oS o I (o g5l 30) oy gy glisy) o yieS g
4S8 My oo b 4 (5 Jodn) wel s 4 ailamles %100 +
o) Hlid wlualw, %100 + 5456 %50 coiS cuns > slualow
8 Frigid Dlys W Codgiome Jud> 4y g 0nd Jeoxte |y (6 iy
050l o ] 6] a3 g dugy A3y LEalS cel
bl asbols g g byl ciS wyp ,» (Hamzei, 2012)
g Cdh 3l g all s cuiS & dg gl oy iy &S b
ao by O3] ol a s us ol balswe cuis I glisl o a8
b s (65 9y B

Saws o yeS g (dace 21) dbig > Jo-Sob s oy it
Sacaas y (als IS Sl iy 330 12) 5353yl
slusi (5 Joda) el s 4 ailanbow %100 + 5950 %50 cosls
coldy pae cle 4 Wlg o alB cusS Hlaw ) b JsSded
o=l Slee (il 4 jonie oS WSl alld culS > (glaieS e
3,8 bl cuiS calises glacuus plo 4y o olS

SSa 3 285 LS 3134 5 716 L plp i 4 aslanlow %100
alanlow %0100 + 5956 %50 cusls’ cons (gylol s 5 Jols
%30 ¢ wlaalw %100 + 5950 %40 (cla)loss L (o)l ime oglis
g 40h 3, Slas JialS (3 Jous) sl olis wlanlw %100 + 550
A leS e ly cdls caws il 8l Lo (S5elan 3 Slas
by yialS ecel a8 ol Cuns wlalow b 2950 cold, iuliél
SJS Uiy 9 A i epls yo &b sl als el sl ialS
WU cos Mels” oS ol 2 Slas slinl &Bls 45 .00,8 4o,b sl
Ot ) 0955 s Gl Clilge 4y 5 85 5118 Cusls s
Lules 055 95 cladisy (ym (M3sS 9y Culdy b duglio )3 (glaisS
0,5 0556 olpd 3,Slee ialS Cow

cutS oy o (Hamzei et al., 2012) ),Sen ¢ Joje>
Sejdon 28las (e oyt 45 203)5 Mol g2 5 3550 byl
clayles ;5 g el cowd an 3950 (alls cuss 5l aily 5, Shes 4
o 4 i 4 g2 g 3950 b 5 Slas o iy bglses cutS
3 090 bgye 9o %100 + 5456 %100 4 o %25 + 5455 %100
bl cois jn aib oy Sloe ials 35 oldtse plo oladss
3955 (Banik et al., 2006) l,an g Sl g 3956 g puiS
Lol 5 <)d (Sayedi et al., 2012) ) Sen § (o awgi o> 5
g sy 9 (Mansouri et al., 2013) ()], Sen g ()guaio bawgs
Rezaei- et al., 2014) |,LSen g a5ls SLs) bwg joie
ol 0k yliS (Al cuiS 4 s (chiyaneh

Cod CblS Cas 1 (1oys 23) il D951 o yd (g yiabi
16/17) o Jaie oy yseS 5 ailialw %100 + 5950 %50 cosls
e § 5 8 Jpin ) 5 ol s €238 Lo (10
059 5 o3kl el aigS 93 o s coldy 1> oS wledh lis
a5 53 b oo (Rl (059 22lg 53 (g clalé g als b
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Introduction

Intercropping as a cropping method for sustainable agriculture is simultaneous growing of two or more crops
during a given season on same location. Such a method enable to utilize common limiting resources more
efficient than the species grown separately. Using two species with different growth habits and the least
competitive characteristics in intercropping, increases the efficiency of resources (light, water and nutrients)
absorbtion in comparison with the sole cropping. Pooramir et al. (2010) investigated the effects of planting
different ratios of two crops on yield and yield components of sesame (Sesamum indicum L.) and chickpea
(Cicer arietinum L.). The results of intercropping of additive series showed that the highest grain and biological
yield of chickpea were obtained through monoculture and the lowest grain and biological yield of chickpea
achieved by planting ratio of 100% sesame and 10% chickpea. Koocheki et al. (2012) studied the intercropping
of borage (Borago officinalis L.) and bean (Phaseolus vulgaris L.) and reported that the highest economic yield
was achieved in monoculture and the lowest economic yield was obtained in four rows of borage plus four rows
of bean, but the maximum land equivalent ratio was calculated in 2:2 intercropping. The aim of current study
was to determine the best combination and efficiency of resource utilization in intercropping of additive series of
chickpea and black cumin. It is compared to respective monoculture and the advantage of intercropping.

Materials and methods

A field experiment was conducted based on randomized complete block design with three replications in
West Azerbaijan province- city Nagadeh, Iran in 2012-2013. Treatments included 100% black cumin +10%
chickpea, 100% black cumin + 20% chickpea, 100% black cumin + 30% chickpea, 100% black cumin + 40%
chickpea and 100% black cumin + 50% chickpea and monoculture of chickpea and black cumin. The
experimental plot size was 4 m x 3.2 m involving 8 rows with inter—row spacing of 0.4 m. There were 7 and 5
cm distance between chickpea and black cumin seeds sown on rows, respectively. Cow manure (20 t.ha™)
without any chemical fertilizer, were distributed and plowed into the upper 20 cm of the soil before sowing time.
Weeds were controlled by hand, several times during growing season. Black cumin was harvested when they
turned brown, dried and shelled, and chickpea was harvested when the first pod of the plants was fully matured
and dried. The essential oil of black cumin seeds (v/w) was isolated from 30 g of air-dried and powdered seeds
with 300 ml distilled water by conventional hydro-distillation for 3 h using a Clevenger-type apparatus
(Clevenger, 1928). Grain protein content was also measured using Kejeldahl.

Land equivalent ratio (LER)

Land equivalent ratio of black cumin and chickpea was calculated using equation 1 (Vandermeer, 1990):

Y, Y
LER=-1+-2%
2
Where Y; and Y, represent chickpea and black cumin yield in intercropping and L; and I, represent chickpea
and black cumin yield in mono-culture, respectively.

Actual yield loss (AYL)

The Actual yield loss (AYL) index provides more accurate information about the competition than the other
indices. The AYL is calculated according to the following formula (Equations 2, 3 and 4):

1 and 2- Assistant Professor, Department of Agronomy, Faculty of Agriculture, University of Urmia, Iran and Assistant
Professor, Department of Agronomy, University of Payame Noor, Tehran, Iran respectively.
(*- Corresponding author Email: ismaeil.rezaei@gmail.com)
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AYLa = [LERa (ﬂ)—l]

100

AYLD =[LERb x (- ) ~1]
AYL = AYLa+ AYLb

Intercropping advantage (1A)

Intercropping advantage (IA) was estimated as IA = AYL x Price of cumin or chickpea. Intercropping
advantage (1A) of the intercropped components was calculated as (Vandermeer, 1989) (Equation 5):

IA= [( o) xAvLa +( Pb o) < AYLD]

Where Pa is the prlce of cumin and Pb is the price of chickpea (Vandermeer, 1989).

Statistical analyses

SPSS 16 software was used for statistical analysis. To compare the means, Duncan's multiple range test at
5% probability level was used.

Results and discussion

Different planting ratios had significant effects on study traits of chickpea and black cumin (except essential
oil yield of black cumin). The highest seed and biological yield of chickpea were achieved through monoculture
with 1105 and 14479 kg ha™, respectively. The results showed that the maximum seed and biological yield of
black cumin were obtained at monoculture with 750 and 2310 kg.ha™, respectively. The highest percentage of
grain protein (23%) and essential oil percentage (1.47%) were related to the treatment of 100% black cumin
+50% chickpea, respectively. Results showed that LER values were greater than one in all the intercropping
combinations of black cumin and chickpea. Land equivalent ratio (LER=1.74) was recorded considering the
treatment of 100% black cumin+10% chickpea, indicating additional 0.79 unit of land would have been needed
to get equal yield to planting black cumin and chickpea in monoculture. The highest actual yield loss
(AYL=6.45) and intercropping advantage (IA=1.70) obtained employing 100% black cumin+10% chickpea,
respectively. It seems that 100% black cumin+10% chickpea is remarkably effective in increasing the economic
income and land use efficiency.

Conclusion

The results showed that yield and yield components of both species were affected by planting ratio. By
increasing the planting ratio, yield and LER of both species decreased due to complementary and facilitative
effects in intercropping. Increasing the planting ratio of chickpea, increased the essential oil percentage of black
cumin that was probably due to nitrogen concentration. Results of advantages indices showed that intercropping
treatment of 100% black cumin+10% chickpea was suitable for increasing the income of farmers and land use
efficiency.

Keywords: Actual Yield Loss, Essential oil, Intercropping advantage, Land equivalent ratio, Seed protein
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Fig. 4- Zoning maps of some soil variables in agricultural land of Ag-Qalla township
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Table 2- Grading of ecological needs of annual alfalfa (Medicago scutellata L. Mill.)
Variables High suitable (S,) Suitable (S,) (Semi- suitable Sy) su’\ilfarz)-le Reference
(N)
AVl 5k olee Bahrani (2005); Kazemi
(3ocsks) >500 450-500 300-450 <300 (2012); KhodaBandeh
Annual rain (mm) (2009)
AVl Lasgie (glod
(o1, s5L) 25-20 & 20-5 20-30 & 25-30 35-30 >35 Dorri et al. (2007)
Average
temperature (°C)
AVl aaS glod
(35 s5l)
Minimum 10-15 5-10 0-5 <0 Dorri et al. (2007)
temperature (°C)
Yl ani les
(315 5l) 20-30 20-25 30-38 Dorri et al. (2007)
Maximum >38
temperature (°C)
oejisd) s .
) N ) ) Dorri et al. (2007)
(o 0-35 35-55 8-12 >12 Gool etal. (2005)
EC (dS.m™)
Feaw| . Dorri (2007)
oH 6.5-8 8-8.5 & 5.5-6.5 5-5.5 <5 Sysetal. (1991)
N e e T v i 7”]:1:75“ o Sl s i
Sls cal ) e =) v | ) q . S Kazemi (2012);
oty Loam-clay loam-  Sandy loam- -\ loam- sandy y Sys etal. (1991); Gool et
Soil texture clay- silty loam- Sandy and al. (2005)
clay- sandy clay clay loam- :
. sandy loam Other
loam silty
classes
(32)3) o 0-4 4-8 8-12 >12 Makhdum (2011)
Slope (%)
TP TR (9N P . A . .
i s s © b lesd =55 s — o pog Jed =0
Aspect slope o S b and East and Southwest and West and Makhdum (2011)
ateau, south an northeast northwest north
southeast
by gaw gl
(%) 0-1000 1000-1500 1500-2500 >2500 Makhdum (2011)
Elevation (m)
2 p S ske) ool
(pSsks 10-15 8-10 & 15-18 5-8 & 18-20 >20 & <5  Malakuti & Gheybi(1997)

Fe (ppm)
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2 pSke) s
(Soks 15-2
Zn (ppm)
2 P k) wad
(pSoks
Ca (ppm)
2 £S5 ko) i
(p5sks
P (ppm)
2 5 o) ormiliy
PSS
K (ppm)
(323) JT odle
Organic Matter

10-20

10-14

200-300

>3

(3033) G595
0.1<
N (%)

2-4&1-15

20-30 & 5-10

14-18 & 8-10

& 150-200
300-350

2-3

0.07-0.1

30-50

18-22 & 5-8

100-150

1-2

0.05-0.07

>6 & <1

<5 & >50

<5 & >22

& <100
>350

<1

<0.05

Malakuti & Gheybi
(1997)

Malakuti & Gheybi
(1997);
Kazemi (2012)

Malakuti & Gheybi
(1997)

Malakuti & Gheybi
(1997)

Malakuti & Gheybi
(1997); KhodaBandeh
(2009)

Malakuti & Gheybi
(1997); Kazemi (2012)
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Table 3- The value and weights of criteria and sub-criteria for annual alfalfa cropping in Ag-Qalla township

Sxe 25 xe 1) Cuoal Jure 5/ o 039 Canod]
Criteria / Sub-criteria  Weight Important Criteria/ Sub-criteria  Weight  Important
ol s 1 SB-y 0.328 2
1. Climate 3. Soil
ohl 1 ]
Rain 0.221 Slele
Luwgio (glod Organic matter 0.176 1
Average temperature 0.150 Sepsll colin
iy glod ' 5 EC 0.172 2
Maximum temperature sl
oS glod 0.092 3 pH 0.162 3
Minimum temperature ' cél
Texture 0.153 4
31 o5 o3 o3 0395
A9 0.113 4 N 0.106 5
2. Topography i
e e 0.504 P 0.076 6
Slope aspect 3 sl
ST““ 0.345 K 0.052 7
ope 1
b g ) 0.151 Ca 0.037 8
Elevation 2 o
L).(h
Fe 0.033 9
d)‘f)"‘““l;:)‘" 0.002 3 s
Zn 0.033 9
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Table 4- Zone area for alfalfa cropping in Ag-Qalla township

] (HUS2) Colun  (0)3) (01,1 J5 Colun 4 digy Coluno Caunsd
Zone Area (ha) Area /Total area (%)
Ao sy 3ol
High-suitable 25810.86 23.10
dains (blie
Suitable 49079.78 47.20
Semi-suitable 18176.28 20.40
Non-suitable 9866.08 9.30
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Introduction

Land use suitability is the ability of a given type of land to support a defined use. The suitable areas for
agricultural use are determined by evaluating the environmental components and understanding of local
biophysical restraints. The topographic characteristics, climatic conditions and the soil quality of an area are the
most important determinant parameters of land suitability evaluation (Almashkreki et al., 2011). Bhagat et al.
(2009) analyzed land suitability for cereal production in Himachal Pradesh (India). In this study different
parameters including climatic variables (precipitation and temperature), topographic (elevation), soil type and
land cover/land use have been used in order to evaluate land suitability for cereals food-grain crops. The
possibility of further expansion of cultivation area under each cereal crop was also determined. Golestan
province is one of the most important region for crop production in Iran. In this study, geographical information
system (GIS) and multi-criteria evaluation (MCE) were applied to evaluate the feasibility of agricultural lands in
Ag-Qalla township for annual alfalfa (Medicago scutellata L. Mill.) cultivation.

Materials and methods

This research was conducted in northern part of Iran, Ag-Qalla township in Golestan province. The climate
of this region is under the influence of Alborz Mountains, Caspian Sea, the southern wildernesses of
Turkmenistan and forests. The suitability of current agricultural lands in Ag-Qalla township for annual alfalfa
cultivation, were evaluated by matching the environmental requirements of crop and the land characteristics. For
this purpose, required data and information of the study area were collected during 2013, and thematic maps
were provided. Climatic data were collected from 43 weather stations located in Golestan province. The digital
elevation model (DEM) dataset with a 40x40 m resolution and township boundary of the study area were
obtained from Natural Resources Organization of Golestan province. The soil nutrient data were collected from
300 sampling sites distributed in Ag-Qala township, including EC, pH, Texture, N, P, K, Ca, Fe, Zn and Organic
matter. Kriging and IDW methods were applied for interpolation of environmental variables. The digital
environmental layers overlaid and integrated in GIS in respect to Analytical Hierarchy Process (AHP) weights.
The weight of factors for feasibility were obtained from local experts, through a pairwise comparison of
statistical analysis in Expert Choice software (ver. 2000). Zoning of lands carried out in four classes including:
highly suitable (S,), suitable (S,), semi-suitable (S3) and non-suitable (NS). This system was based on matching
between land qualities/characteristics and crop requirements. Highly suitable, suitable and semi-suitable lands
were expected to have a crop yield of 80-100%, 60-80% and 40-60% of the yield under optimal conditions with
practicable and economic inputs, respectively. Non-suitable lands were assumed to have severe limitations which
could rarely or never be overcome by economic use of inputs or management practices (Ghaffari et al., 2000).

Results and discussion

Results of AHP questionnaires analysis showed that among the factors affecting land suitability, climate
(0.559) and topography (0.113) criteria had the highest and least weight, respectively. In this AHP model
inconsistency ratio is about 0.002. This indicates that the comparisons of criteria were perfectly consistent, and
the relative weights were suitable for use in the land suitability analysis in Ag-Qala. The results showed that
23.1% and 47.2% of these areas were high suitable and suitable for alfalfa cropping, respectively. These zones
had enough precipitation, suitable topography and high fertility. The semi-suitable and non- suitable regions
(about 30% of area) were located in the northwest, east and south of Ag-Qalla township. In these zones, the
environmental requirements of annual alfalfa were not fitted to ecological variables of agricultural land. The
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results showed that the topography and climatic characteristics (temperature and precipitation) of this region
were suitable for annual alfalfa growth.

Conclusion

In this study, the limiting factors were: high EC (about 30 dS.m™), deficiency of organic matter, K and Ca.
Therefore, analyzing the soil quality is essential for understanding the environmental degradation processes in
the region. Proper land management practices, leaching, drainage, land preparation, crop rotation, specific
irrigation methods and using resistant crop are helpful methods to increase crop yield in this area.
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Introduction

Intercropping is a sustainable practice used in many developed and developing countries and an essential
element of agricultural sustainability. Intercropping by decreasing the inputs through reduced fertilizer and
pesticide requirements, minimizes the negative environmental impacts of agriculture (Lithourgidis et al., 2011).
It is known that legumes are beneficial to the soil by improving nutrient availability and structure, reducing pest
and disease incidence and hormonal effects (Lithourgidis et al., 2011). Biological nitrogen fixation, deriving
from the symbiosis of leguminous plants and rhizobium bacteria, is the major benefit of legumes (Launay et al.,
2009). The main advantage of intercropping is the more efficient utilization of the available resources and the
increased productivity compared to monocropping (Launay et al., 2009). For example, intercropping of maize
and bean increased light interception and improved soil moisture conditions compared to monoculture.
Intercropping of ajowan and fenugreek improved the efficiency of cropping systems. Intercropping of bean
(Phaseolus vulgaris L.) and sweet basil (Ocimum basilicum L.) had a significant effect on light efficiency and
biological yield.

The main goal of this study was to introduce suitable sowing patterns on two medicinal plants production
with respect to legume and medicinal plant intercropping such as dill (Anethum graveolens L.) and fenugreek
(Trigonella foenum-graecum L.) based on replacement series.

Materials and methods

A field study was conducted to evaluate radiation absorption and use efficiency in fenugreek and dill in row
intercropping as replacement series at Agricultural Research Station of Ferdowsi University during growing
season of 2013-2014. Treatments included 20% fenugreek+ 80% dill, 40% fenugreek+ 60% dill, 60%
fenugreek+ 40% dill, 80% fenugreek+ 20% dill and their monoculture. As summarized by Sinclair and Gardner
(1998), potential crop growth and yield are the result of four processes. First, the radiation interception by crop
canopies provides the required energy for crop production. Second, the efficiency of conversion of the
intercepted radiation to plant mass which determines the amount of produced dry matter. Third, the time required
for plant mass accumulation that determines the total amount of accumulated plant mass. Fourth, the fraction of
the accumulated plant mass allocated to the harvestable part that influences crop productivity.

For statistical analysis, analysis of variance (ANOVA) and Duncan’s multiple range test (DMRT) were
performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

Total above-ground dry matter (g.m™), TDM, during vegetative stages (i = 1, 2, .., k _ 1, k) was calculated
as:

k
TDM; = [RUE; = F; = PAR;) i1
i=1
Where RUE is radiation use efficiency (g.MJ™ PAR), F is the fraction of radiation intercepted, PAR is
photosynthetically active radiation (MJ.m™“.day™), and i is the number of days after emergence (k is the day of
flowering). RUE for a vegetative stage was defined as the ratio of TDM to intercepted PAR (g.MJ* PAR).

With regard to potential crop yield, assuming that TDM reaches a maximum value on the k-" day, TDM
during the reproductive stages (i=k + 1, k+ 2, ..., n _ 1, n) was given by the following relationship:

1, 2 and 3- Msc student in Agroecology, Associate Professor and Assistant Professor, College of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran, respectively.
(*- Corresponding author Email: banayan@ ferdowsi.um.ac.ir)
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n
TDM; = TDM; + > ¥; (2)
i=k+1

Where Y is harvestable yield (g m?) and n is the day of maturity. Therefore, as RUE was defined for the
reproductive ita_qe as the ratio of Y to intercepted PAR, Y (i.e., maize ears and bean pods) was given by:

Yi = Y (RUE; x F; x PAR;) (3)
i=k+1

Grain yield (i.e., maize kernels and bean seeds) was estimated using the ratio of grain dry mass to Y. In this
study, the measured ratio during the 1998/1999 growing season was used (0.69 for maize and 0.72 for beans)
(Tsubo, 2000).

Results and Discussion

Results indicated that leaf area index, light absorption, total dry matter accumulation and radiation use
efficiency (RUE) of fenugreek and dill increased in all intercropping ratios compared to monoculture. Dry matter
production was linearly related to the amount of intercepted PAR. The value of RUE changed over time,
partially as a consequence of changes in canopy photosynthetic rates. RUE range for fenugreek was from 0.65 g
MJ? in monoculture to 0.9 g MJ™ in 40% fenugreek + 60% dill. RUE range for dill was from 0.35 g MJ™ in its
monoculture to 0.72 g MJ™ in 40% fenugreek+ 60% dill. However, the response of canopy photosynthesis to
radiation was complex and depended on incident radiation flux density and individual leaf photosynthetic
response. Radiation-use efficiency may be affected by changes of these variables as PAI increased.

Conclusion

Dry matter production was linearly related to the amount of PAR intercepted. RUE changed partially as a
consequence of changes in canopy photosynthetic rates. However, the response of canopy photosynthesis to
radiation was complex and depended on incident radiation flux density and individual leaf photosynthetic
response. According to the results, intercropping of plants of 40% fenugreek + 60% dill can be beneficial in term
of ecological management.

Keywords: Leaf area index, Radiation absorption, Row intercropping, Total dry matter
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