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Fig. 1. Scatter diagrams of grain yield with plant height (A), plant 100-seed weight (B), planting date to flowering (C),

planting date to maturity (D) and grain filling duration (E) of
dryland spring lentil genotypes under cold areas of Iran
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Table. 2. Optimal levels of lentil agronomic characteristics using averaging and boundary lines methods
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Table 3. Principal component analysis, eigenvalues and variability of dryland lentil genotypes in high and low

yielding groups
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Fig. 2. Biplot of grain yield agronomic triats of dryland lentil in high (A) and low (B) yielding groups
PH: Plant height (<4, ¢lis f); DF: Date flowering (_»al8 b cuils 5l 59, slass); DM: Date maturity (( Sow, b cusls 5l s, olass);

GFD: Grain filling duration (ails ;o 5 6,50 Jsb); Yield: Grain yield (ails s Sloc)
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Introduction

Pulse crops play important role in supplying human food needs. Lentil (Lens culinaris Medik.)
is probably the oldest grain legume to be domesticated and one of the most important pulse crops worldwide
due its nutritional characteristics. Lentil is an integral part of dryland agriculture, mainly because of its
ability to thrive comparatively well under water-limiting environments. As a result, the crop which provides
protein-rich food and animal feed is largely grown under rainfed conditions. The major lentil producing
countries are India, Canada, Turkey, USA, Nepal, Australia, Syria, China, Bangladesh, Iran, etc. Iran ranked
fourth in area after India, Turkey and Canada and ninth in the production. The aim of any breeding program
working for unpredictable and rainfed environments is to develop varieties with high and stable yields.
Breeders take advantage of the selection for several traits to achieve maximum economic yield. The selection
of genotypes based on indices using yield components was used by breeders for a long time. Breeders
believe that obtaining a linear function for measurable traits could lead the selection of genotypes with better
genetic values, but a need to include economic value and weights in this function express by many
researchers. Simultaneous selection using characteristics with important and heritable economic values is
more effective. Crop yield is a function of multiple variables inter-related to each other and can not be
defined only by a single-variable equation. One of the most effective of these methods is boundary lines.
Feiziasl et al (2003 and 2010) used this method for the first time to determine the optimum levels of plant
(dryland wheat) characteristics and yield stability analysis. In this paper, “Boundary Lines” and averaging
methods and are used to determine optimum levels for some traits of dryland lentil in cold areas.

Materials and Methods

More than 8300 data for each trait were collected from national and international trials conducted under
rainfed conditions in Maragheh, Zanjan, Ardabil and Shirvan (North Khorasan Province) DARI experiment
stations 20 years (1996-2016). The traits considered in the analysis were: days to heading, days to
physiological maturity, grain filling period, plant height, 100 seed weight and grain yield. The Excel
software was used to develop a scatter diagram showing the relationship between each trait with grain yield

*Corresponding Author: vfeiziasl@yahoo.com
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in each location. Two methods were used to determine the optimum value for a given characteristic. One is
based on the boundary lines method where the maximum grain yield and the optimum value for the trait
considered coincide with the crossing point of the two boundary lines. “Boundary Lines” method was used to
determine the maximum limits of each crop characteristic. The scatter diagram is surrounded by two
regression lines, one on the left and the other on the right called boundary lines. Then Maximum vyield is
obtained at the intersection of both boundary lines. The other approach, called averaging method, is based on
subdividing the data into two groups: high and low yielding groups.

Results and Discussion

The boundary lines method allowed the determination of optimum levels for days to flowering, days to
physiological maturity, duration of grain filling, plant height and 100 seed weight which were 55.4 days,
92.6 days, 33.8 days, 27.8 centimeters and 5.4 grams, respectively. By averaging of high yielding group
method optimums for days to flowering, days to physiological maturity, duration of grain filling, plant height
and 100 seed weight characteristics were 62.0 days, 92.6 days, 30.7 days, 23.7 centimeters, 4.9 grams,
respectively. These optimums were closely equivalent to those determined using the averaging method for
one days to physiological maturity characteristic. But for other plant characteristics there were a lot of
difference and boundary line estimated its amplitude on average 3 times wider than the averaging method.
Principle component analysis (PCA) show that, the most important traits for selection of lentil varieties were
days to flowering and number of days to physiological maturity. These methods could help breeders to
determine the optimum and range for characteristics determining the adaptation of genotypes to given
environments. Boundary lines method is more suitable for determining of characteristic’s optimum levels in
comparison with the averaging method.

Conclusion

It can be concluded that, determining the optimum levels of some dryland lentil characteristics were
closely equivalent in two boundary lines and averaging methods. However, in some other characteristics, the
optimum levels were a lot of difference in estimating of boundary lines and averaging of high yielding
groups. Because boundary lines method is considered the data distribution process and gap data in databank,
therefore, its estimates in the optimum levels of the characteristics are more accurate and more realistic than
the averaging of the high yielding group.

Keywords: Boundary lines: Crop properties: Optimum level: Principle component analysis (PCA)
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75.6 g 400 ml
88.8 ¢ 400 ml

-0.3 MPa
-0.6 MPa
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Table 2. Some of compost tea characteristics used in the experiment
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Table 3. Equations of germination indices

Ll
(Index)

(Equation)

akl,y oolisiwl 8590 29l
(References)

T HIE SRR
Germination percentage

GP% = Z% x100

(Agrawal, 1991)

i ni
Silez e <
Germination Speed GS=X% i (Agrawal, 1991)
Sy GR xmean(PL + RL
i GV = ( ) (ISTA, 2009)
Germination vigor 100

SV =

GP x mean(PL + RL)

Seed vigor index

(ISTA, 2009)
100

azaiy, Job = RL wzails Job = PL wasazsls slo,ds slaw = N jailez g9, 5| G (slajs, shaws =t jasie gloj alols o o 035l sl s slass = N w090 (b 03jaly> ,3 JS =N
n= Total of germinated seeds during period, ni= The number of germinated seeds at an interval of distinct period,; ti, ti= The number of days after the start of
germination, N= Number of sowed seeds, PL= Plumule length, RL= Radicle length
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Table 4. Analysis of variance of germination parameters of chickpea under compost tea and drought stress

g TR i e et b
SOV L) ermintion ermintion errr_1|na on Seed vigor index onsume:
df percent rate vigor endosperm
Cow > o o o o o
Tl 3 836.806 4.158 0.059 11.550 0.040
Compost tea (C)
S 3 8267.639™ 26.262™ 0.354™ 90.519™ 0.477"
Drought stress (D)
O X CawgaS sl . . - .
9 24.806 0.063 0.004 0.651 0.002"
(C)x (D)
32 31.202 0.212 0.001 0.162 0.003
Error
e
R - 8.80 10.34 8.95 9.37 11.26
CV(%)

eV g [0 i sk 10 65 cxe g (gl e pas i 5 4y KNS

ns,* and **: not-Significant, Significant at 5% and 1% levels of probability, respectively.
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Table 4. Analysis of variance of germination parameters of chickpea under compost tea and drought stress

i @b &3l a0 azasle Job azady Job azals Jgb Azl S o9 Az ady; SES o)
S.0.vV df Plumule length  Radicle length  Seedling length  Plumule dry weight  Radicle dried weight
Sl 3 2.022™ 2.689™ 8.573™ 0.017™ 0.163™
Compost tea (C)
S 3 7.942" 14.428™ 45.295™ 0.177" 0.784™
Drought stress (D)
O X CawgeaS gl . . .
9 0.036 0.129 0.131 0.003"™ 0.007 "
(C) = (D)
i 32 0.057 0.149 0.367 0.002 0.010
Error
(o)l e 2 - 10.48 1021 9.9 9.74 11.77
CV(%)
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"s* and **: not-Significant, Significant at 5% and 1% levels of probability, respectively.

A



FY-FA azio AP Lo 5 ks Y (0,90) Jlw /o)) 31 U g GBGIBYH /... Comgnes’ sla i 11,50 g 599 o]

ComgpaS Gz 3l o 3956 oL Jjeilga (5l kol (uSilho dunlio -0 Jgu
Table 5. Mean comparison of germination parameters of chickpea under compost tea

CowgnoS sl

Compost tea Sran o ygail azable s (39 azady ) SS9
Consumed endosperm Plumule dry weight Radicle dry weight

(ox> W0 y0) . . c . - . c
(Volumetric (o™ 5% ” 50 £ (o 5% ” 50 £ (o™ 6% ” 0 £
percentage) (gr/ petri dish) (gr/ petri dish) (gr/ petri dish)
Control/ssLs 0.424 b 0.394 b 0.693 ¢

5% 0.511a 0.448 a 0.807 b

15% 0.535a 0.468 a 0.932a

25% 0.555 a 0.477 a 0.938 a

(30,3 0 SS318) W5l maly (5,10 e ol gt ;o )0 alie By > b sla 2 Sile
The means with simillar letter in each column are not significantly different (Duncan 5%).

S i 8l o 393 oS (el (o yielyly (ilie e -7 Jgur
Table 6. Mean comparison of germination parameters of chickpea under drought stress

S S a0 p gl azadle SUiS ()9 Azl ) SiS (339
Drought stress Consumed endosperm Plumule dry weight Radicle dry weight
(Jienty 5) (G0 5% 52 55 £55) (G2 6% 52 50 £55) (G0 5% 52 53 p55)
(Mpa) (gr/ petri dish) (gr/ petri dish) (gr/ petri dish)
0 0.729 a 0.574 a 1144 a
- 0.3 Mpa 0.593 b 0.496 b 0.923 b
- 0.6 Mpa 0.435c 0.430c 0.765¢
- 0.9 Mpa 0.267 d 0.287 ¢ 0.538 d

(2,0 0 HS5Is) W5 ol (g5l0 gime Dol gt ;o 50 aline By > b (la Sl

The means with simillar letter in each column are not significantly different (Duncan 5%).

o )90 (S S gohw )3 (ce> 2,0 VO
S Oy an ) (Siaslsr S g o )s Culys
sl | as aslh 5 Jialer 08 aes il
St oo b ditnne alily g 00 Ogume (Sl 5 4 Jod
(ISTA, wS)ls azals Job 5 (Siaslszr so)s o Jjaily
@0 a el g gaile a8 s sae il .2009)
9=V i balyd 5o pem> 000 YO 510 zolaw )0 0%
il e o e ial3dl 4 g3 se |y SISl S -+ 5
SIS S poba (l 55 azalS Job 5 Sialsx v s oS
S35 Syt bl D o Lagl ol (59, » alie Slallas
o) g o S 30 b CawgraS gl aS olo oyl
29 ay alh g Gl )0 azalS Job o (Jiailex
(Beyk Khurmizi et al., sls ai Sjasly> &y08
5 B mae pawgail 2010; Ahmadpour et al., 2019)
2= il Slogar obj)l s pee slaaasls s
3lenjaiilex Hdn eolaiwl sus )Lis 45 04l oo Cgme
(Hosseinzadeh et al., 2016) el o J3ls 4 pl53
g azalls g azdiy; @ gey> Sux sl p1BS
(Ahmadpour s,ls o34 Cosal laslal (ol Ho o, 2l
5 CwppaS ez Jlite oIl aslllas oyl Lo et al., 2019)

\al

70 G 3l Sslnn s gleanld o Jee leysiSlsS
b oLl st sleoa S e lass oy o oS law b
3=l i Ol malS )0 d o s g e giew (STl
, (Hosseinzadeh et al., 2016) o ls ogo (ids (25
s I3 b CageaS (sl 8 i8S A8 I35 alhe
ooy Gl e ialidl o e ey S g g
ol Jdo pliios a5 w5 jls i Siailer a8 g sy
~Lall o551 5l lad 5 )0 50 sk s (13311, ]
(Archana et al., 2009; Ahmadpour oSs S o\l bl
3O CawgaaS sl a5 0l 5,155 4 o0l 4o £t al., 2019)
§ 90,0 (o> do,d Ve )0 sg00) haugie slacdale
oleaze cplols 1uli8l g ils sme job |y Siaile> Cae pu
S g 5 eS| S (Sgey9n DLS 5 il ]y cle
(Garcia et al., 2002; Gopal et al., 2010; ass,5 Lo
s 5,84 55 (59, » anlllas ,o HOsSeinzadeh, 2015)
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Introduction

Growth-reducing factors play a key role in significantly reducing seed germination, reducing plumule
length and radicle length growth, reducing seed vigor index and reducing seedling length. The most
important of these factors are biological and non-biological stresses that several studies have reported have a
significant effect on reducing seed germination. In Iran, chickpea cultivation is usually rainfed (about 92%),
the seeds use the moisture stored in the soil and in this case the seeds are exposed to drought stress. Exposure
to drought stress will eventually lead to reduced germination, improper posture, reduced plant yield. Water
potential is the most important factor in seed germination and its reduction directly affects the physiological
processes of germination and indirectly affects seed growth and nutrient reserves. In modern agricultural
methods, the use of organic fertilizers to improve seed tolerance to stress conditions is recommended. One of
these biological and organic fertilizers is compost and vermicompost. The use of vermicompost in addition
to adding to the soil can be in the form of adding vermicompost extract (tea compost) to the soil. The unique
properties of vermicompost extract are: 1. Contains beneficial aerobic microorganisms such as Azotobacter,
2. No anaerobic bacteria, fungi and pathogenic microorganisms, 3. High water holding capacity, 4. Humic
acid (these substances have it has similar effects to growth regulators and hormones), and 5. Contains macro
and micro nutrients such as nitrogen, phosphorus, potassium, calcium, copper, manganese, iron and zinc.
Due to the problem of drought and water shortage in many parts of the country, especially Khuzestan
province, the use of modern agricultural methods to increase the yield and yield of crops is essential. The
main purpose of this study was whether the use of compost tea can play a role in improving the negative
effects of drought stress on the germination stage of chickpea seeds?

Materials and Methods

A factorial layout based on a completely randomized design with three replications was conducted at
Khatam Al-Anbia University of Technology in Behbahan. The first study was four levels of tea compost
such as of 0, 5, 15, 25 and the second treatment was drought stress caused by polyethylene glycol, which
included levels of -0.3, -0.6 and -0.9 MPa. In each petri dish, 35 chickpea seeds of Adel cultivar were placed
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and then the experimental units were numbered based on the studied treatments. Daily examination of petri
dishes was continued for 14 days and germinated seeds were harvested from experimental units 15 days after
the start of the experiment to measure germination parameters. Characteristics such as percentage, rate and
vigor germination, seed vigor index, endosperm consumption, seedling length, plumule and radicle length,
plumule and radicle dry weight were measured.

Results and Discussion

The results of this study showed that the application of compost tea had a positive and significant effect
on all indices of chickpea seed germination, so that the results related to the simple effects of this application
showed that the use of 5, 15 and 25% levels of compost tea significantly increased radicle dry weight,
plumule dry weight and endosperm consumption. Under drought stress treatment, the results showed that in
all germination and growth indices with increasing stress intensity from -0.3 MPa to -0.9 MPa had a
significant decrease. In the study of the interaction effects of compost tea and drought stress, it was observed
that in non-stress conditions, the levels of compost tea used (5, 15 and 25%) significantly increase
germination rate, germination vigor, vigor index seed, radicle length and seedling length were compared to
the control treatment. Under stress conditions of -0.3 MPa, all levels of compost tea caused a significant
increase in seed vigor index, germination percentage, rate and germination vigor compared to the control and
also in these conditions, 15 and 25 levels were able to significantly increase plumule length and seedling
length relative to control. Under -0.6 MPa stress, levels of 15 and 25% of compost tea caused a significant
increase in germination percentage and germination vigor, seed vigor index, plumule length and seedling
length. Under stress conditions of -0.9 MPa, application of compost tea levels (5, 15 and 25%) in comparison
with the control treatment significantly increased germination percentage, germination rate, radicle length,
plumule length and seedling length. Under these conditions, 15 and 25% of compost tea also significantly
increased germination vigor compared to the control treatment.

Conclusion
According to the results of this study, application of compost tea (vermicompost extract) at levels of 15
and 25% in conditions where chickpea seeds are exposed to drought stress, is recommended.

Keywords: Endosperm consumption: Germination vigor: Organic fertilizer: Seed vigor index: Water deficit
stress
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Mean treatments greater than LSD had significant difference at 5% probability level.
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Introduction

Cowpea (Vigna unguiculata L.) as one of the important beans, has 20-25% protein and is a protein
supplier that is needed by humans and plays an important role in this regard. Increasing yield per unit area is
one of the most important factors for increasing production. Humic acid is a natural organic polymer
compound that results from the decay of soil organic matter, peat, lignin, etc., which can be used to increase
the product and its quality. One of the important benefits of using humic acid is the ability to chelate various
nutrients such as potassium and magnesium and other elements to overcome the lack of nutrients. Humic
acid also creates more space for water to penetrate through physical modification and improved soil
granulation. Nanotechnology as a leading science in solving problems and issues of agriculture has well
proven its place in agricultural sciences and related industries. Potassium is the most suitable cation with a
capacity to activate plant enzymes because in addition to its high concentration in the cell and its amount in
nature, this cation has an extraordinary mobility inside the plant. Therefore, the present study was conducted
to investigate the effect of combining humic acid and potassium nano-chelate fertilizer on the characteristics
of cowpea in Ahvaz.

Materials and Methods

In order to evaluate the effect of compilation of the humic acid and nano-potassium fertilizer on
physiological, morphological and yield characteristics of cowpea (Vigna sp.) in Ahvaz, a factorial study was
conducted in Ahvaz city in the year 2020 based on a randomized complete block design with four
replications. Experimental factors included humic acid at three levels: zero (control), 2 and 4 liters per
hectare and levels of potassium nano-chelate fertilizer as soil application at 3 levels including: zero (control),
2 and 4 kg ha't in Ahvaz region. Field preparation included plowing, disks and leveling. After preparation of
the field, nitrogen and phosphate fertilizers were mixed with the disk machine at a depth of 15 cm. Nitrogen
from the source of urea (46%) was 50 kg nitrogen per hectare and phosphorus fertilizer from the source of
triple superphosphate at a rate of 80 kg/ha P (48%) was used. Statistical analysis was performed using SAS
9.2 and comparing of the means was based on LSD method at 5% probability level.

* Corresponding Author: alireza_shokuhfar@yahoo.com
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Results and Discussion

The experimental results showed that the effect of different levels of potassium and humic acid
nanoclate on grain yield, number of seeds per pod, humber of pods per plant, 100-seed weight, biological
yield and protein percentage were effective and affected these traits. The highest grain yield of 4 kg/ha
potassium nanoclate and 4 liters/ha of humic acid at the rate of 226.29 g/m? (which was not statistically
significant with the treatment of 4 kg/ha potassium nanoclate and 2 liters/ha of humic acid) It was found that
compared to the non-application of humic acid and potassium nanochlate, it showed a 25% increase. In
general, application of 2 liters per hectare of humic acid and 4 kg per hectare of potassium nanoclate can be
recommended to increase the yield and percentage of protein in cowpea plant. Due to the persistence of
photosynthetic tissues, humic acid increased plant yield and also increased plant yield through positive
physiological effects such as the effect on plant cell metabolism and increasing leaf chlorophyll
concentration. Potassium nano-chelate leads to improved plant growth conditions and cell division and the
production of hydrocarbons and proteins and its rapid transfer to the grain, which increases grain weight and
thus increases grain yield.

Conclusion

According to the results of this study, it was found that the application of two factors, humic acid and
potassium, in plants do not have an inhibitory effect on each other, grain yield and protein percentage.
Therefore, these two factors together increase the functional components. Therefore, due to the lack of
potassium in the arable soils of Khuzestan, it seems that the use of nano-chelate potassium and humic acid at
the rate of 4 kg per hectare and 2 liters per hectare, respectively, is a suitable solution to increase the yield
and protein content of cowpea with suggested paying attention to the reduction of environmental pollution
caused by the application of fertilizers in the soil.

Keywords: 100-seed weight: Biological yield: Chlorophyll index: Number of pods per plant
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Table 1. Weeds observed and their characteristics in the experiment during different sampling dates

(Gbgr gl pasbaiam 1 J3) 5,10 paiged Jgl Al po
The first sampling date (Before closing the canopy)

g5 om b b FEg
“"95 ) Pf . &5 oode ob oolgils gy S5 f]wyé ;TMA ...)’
Persian name of the Scientific name of the species Family Life form Photosynthetic )
species direction Life cycle
ool . L . S AlacSs
e Fumaria officinalis L. Fumariaceae sk c3 :
Common fumitory Broad leaves Annual
Loas dile . S Alos,
e Polygonum aviculare L. Polygonaceae RO C3 N
Common knotgrass Broad leaves Annual
sl . . S AlucSs
> Chenopodium album L. Chenopodiaceae i c3 ¢
Lamb's quarters Broad leaves Annual
355 . . S AlacSs
o Xanthium strumarium L. Asteraceae rok c3 :
Common cocklebur Broad leaves Annual
Sy Oxalis corniculata L. . S alloas
> Oxalidaceae i C3 -
Sorrel Broad leaves Perennial
il iSls Descurainia sophia (L.) Webb ex . S s
ol e escurainia sophia (L..) Webb e Brassicaceae rok c3 :
Flixweed Prantl Broad leaves Annual
Al oSl . L . S AlaSs
&k Sisymbrium irio L. Brassicaceae RO C3 N
Wallflowers Broad leaves Annual
Lale . S AlacSs
T Salsola kali L. Amaranthaceae rok c4 :
Russian Thistle Broad leaves Annual
) . . S,k WlacSs
il Echinocloa crus-galli L. Poaceae N C4 :
Cockspur grass Grasses Annual
L S,z . S AlucSs
e SRE Solanum nigrum L. Solanaceae rok c3 *
Black nightshade Broad leaves Annual
L Sl S AlucSs
oSl 7 Amaranthus retroflexus L. Amaranthaceae rok c4 :
Red-root amaranth Broad leaves Annual
s e S Al
I Cirsium arvense (L.) Scop. Asteraceae Aok C3 -
Creeping Thistle Broad leaves Perennial
| o S . S Aloas
(ST o Convolvulus arvensis L. Convulvulaceae rok C3 ;
Field bindweed Broad leaves Perennial
. Sy Malcolmia africana (L.) R.Br. Brassicaceae Srow C3 Loy
African mustard Broad leaves Annual
g . S Wloass
s Malva sylvestris L. Malvaceae Aok c3 :
Common mallow Broad leaves Perennial
(g gl odbadns 3l an) (5,10 pdiges pgo al> o
The second sampling date (After closing the canopy)
S .
ol . = . . RO s
c mma):f itor Fumaria officinalis L. Fumariaceae Broad c3 A
i
ommon fumitory Leaves ua
ancadn dale . Sk s
’ Polygonum aviculare L. Polygonaceae Broad C3 N
Common knotgrass L Annual
eaves
o saales . . S AlucSs
.’ Chenopodium album L. Chenopodiaceae roR C3 N
Lamb's quarters Broad leaves Annual
395 . . S AlucSs
o7 Xanthium strumarium L. Asteraceae i c3 :
Common cocklebur Broad leaves Annual
S5 Oxalis corniculata L. . S e alluas
P e Oxalidaceae i c3 -
Sorrel Broad leaves Perennial

20
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FY-VYA azxiuo AF+) Jlw ¥ ko Y (0590) Sl /Gl 1 ©lgad> GG 9 3 /... bolse cuiss’ il i1 141,500 g (K2 o5

ol 62,20
Black nightshade
o3bew] (g >l
Red-root amaranth
FLIES
Creeping Thistle
slhe S
Field bindweed
S gy
African mustard
odlgS (g el
Prostrate pigweed

Solanum nigrum L.
Amaranthus retroflexus L.
Cirsium arvense (L.) Scop.

Convolvulus arvensis L.
Malcolmia africana (L.) R.Br.

Amaranthus blitoides S.Watson

ilsé 1 pdls !
SR Cyperus rotundus L.
Nut grass
"
o Sorghum halepense (L.) Pers.
Johnson grass
saiS ol .
T Alopecurus myosuroides Huds.
Slender foxtail
S s )
oS Sonchus arvensis L.
Perennial sow thistle
s
”~ Portulaca oleracea L.
Common purslane
0,56 .
e Datura stramonium L.
Jimson weed

S AlucSs

Solanaceae Sk c3 i
Broad leaves Annual

S AlacSs

Amaranthaceae rok c4 :
Broad leaves Annual

S aloas

Asteraceae ot c3 i
Broad leaves Perennial

S alwocs

Convulvulaceae Sk c3 i
Broad leaves Perennial

. S AlucSs
Brassicaceae Sk c3 i
Broad leaves Annual

S AlacSs

Amaranthaceae rok c4 :
Broad leaves Annual

S S aloas

Cyperaceae SRR c4 i
Grasses Perennial

5 S b AlucSs

Poaceae SRR c4 i
Grasses Annual

5 S AlacSs

Poaceae SRR c3 :
Grasses Annual

S Al

Asteraceae rok c3 i
Broad leaves Perennial

S AlacSs

Portulacaceae rok CAM :
Broad leaves Annual

S AlacSs

Solanaceae Sk c3 :
Broad leaves Annual
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Table 2. Weeds relative density (%) in cultivation ratios in different sampling dates

- & s ‘SLQ = . M
Intercropping ratios

RVCPRCETS

25% 50% 75% 100% 0
Sugar Beet
25 75%  50%  25% 0 100%
Chickpea
ode pb (Dbogr gl omdodions 51 J3) (551 peiges Jgl al> 5o
Scientific name The first sampling date (Before closing the canopy)

Fumaria officinalis L. 34.11 36.52 10.71 35.25 8.42
Polygonum aviculare L. 14.88 14.31 14.58 1.36 11.64
Chenopodium album L. 29.81 34.52 50.9 35.23 68.1

Xanthium strumarium L. 0.14 0.3 0 0 0

Oxalis corniculata L. 0.14 0 0 0.31 0

Descurainia sophia (L.) Webb ex Prantl 0.43 0 0.47 0.15 0
Sisymbrium irio L. 0.28 1.52 0.71 3.67 0.95

Salsola kali L. 0.14 0 0 0.77 0

Echinocloa crus-galli L. 0.57 0 0 0 0
Solanum nigrum L. 3.27 6.11 4.66 8.22 3.18
Amaranthus retroflexus L. 12.83 6.11 14.97 13.98 7.14

Cirsium arvense (L.) Scop. 0 0 0 0.15 0
Convolvulus arvensis L. 0 0.61 0 0.15 0.57

Malcolmia africana (L.) R.Br. 2.44 0 3 0.76 0

Malva sylvestris L. 0.96 0 0 0 0

(SRRl i 3l an) ()1 peigai pgs Al 5o
The second sampling date (After closing the canopy)

Fumaria officinalis L. 0.53 131 0.44 0 5.93
Polygonum aviculare L. 10.66 3.16 6.05 7.74 5.29
Chenopodium album L. 19.23 20.51 34.87 17.36 24.04
Xanthium strumarium L. 0.35 0 0 0 0

Oxalis corniculata L. 0 0 0.46 0 0

Solanum nigrum L. 13.07 10.69 11.39 10.39 16.35
Amaranthus retroflexus L. 5.79 5.64 4.01 8.41 4.89
Cirsium arvense (L.) Scop. 0 0 0.44 0 0

Convolvulus arvensis L. 1.06 2.29 0.39 1.64 1.95
Malcolmia africana (L.) R.Br. 0 0.65 0.93 0 0
Amaranthus blitoides S.Watson 36.47 43.96 30.42 40.22 22.44
Cyperus rotundus L. 0 0.49 0 0 1.36
Sorghum halepense (L.) Pers. 12.84 10.15 9.24 13.69 16.35
Alopecurus myosuroides Huds. 0 0 0 0 0.34

Sonchus arvensis L. 0 0 0.44 0.55 0

Portulaca oleracea L. 0 0.98 0.46 0 1.06

Datura stramonium L. 0 0.17 0.46 0 0

Y
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Table 3. Analysis of variance (mean squares) of effect of cultivation ratios on weeds density and dry weight in different

sampling dates
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Ol yunds 2o (g3 a0 The first sampling date The second sampling date
S.0V df Jpebdle o515 jpcbdde cdgicum)  jpgbdle o515 pbdide cdgicun )
Weed density Weed dry weight Weed density Weed dry weight
)!’S . 2 348.55™ 24.08ns 10766.2™ 1329.98™
Replication
Sosd " - " .
4 157.46 157.97 4142.2 513.53
Treatment
e 8 26.6 15.9 895.8 75.1
Error
1) Ol s g
) 2lreis a2 6.87 12.01 20,58 23.76
(%) CV

Qo0 iy Jisl e jo o gae 5 doy0 S Jleisl mhaw j0 I s o pe puf A s 5** ans
ns, ™ and *: Non-significant, significant at 1% probability level and significant at 5% probability level, respectively
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Fig. 1. Effect of cultivation ratios on weeds density in different sampling dates
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Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Fig. 2. Effect of cultivation ratios on weeds dry weight in different sampling dates
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Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Table 4. Analysis of variance (mean squares) of effect of cultivation ratios on weeds Margalef species richness index in
different sampling dates
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S.0.vV df The first sampling date The second sampling date
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Treatment
las 8 0.08 0.36
Error
(L) Sy oo 0.13 0.17
CV (%)
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ns, ™ and *: Non-significant, significant at 1% probability level and significant at 5% probability level, respectively
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Fig. 3. Effect of cultivation ratios on weeds Margalef species richness index in different sampling dates
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Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Table 5. Analysis of variance (mean squares) of effect of cultivation ratios on weeds Shannon-Weiner diversity index
and Simpson’s diversity index in different sampling dates
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Fig 4. Effect of cultivation ratios on weeds Shannon-Weiner diversity index in different sampling dates
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Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Fig 5. Effect of cultivation ratios on weeds Simpson’s diversity index in different sampling dates
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Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Introduction

One way to create sustainability and maintain the health of the agricultural ecosystems is to use
intercropping. There are many reports on the effect of intercropping on population decline and increasing
weeds diversity. In a study at all intercropping ratios, the dry weight of weeds was lower than the
monoculture of two species of Sweet Corn and Mung Bean (Gholi Nejad et al., 2018). It was also reported
that in intercropping, weed diversity increased compared to monoculture, but biomass decreased (Patience et
al., 2013). Abadian et al, (2014) also showed that cowpea in additive intercropping with basil, reduced the
population and biomass of weeds compared to monoculture of basil. This study was designed and conducted
with the aim of studying the effect of relay triple intercropping of Sugar Beet with Chickpea and Mung Bean
on density, dry weight and biodiversity of weeds in Mashhad weather conditions.

Materials and Methods

This experiment was conducted based on a randomized complete block design with three replications at
the Research Farm of Faculty of Agriculture, Ferdowsi University of Mashhad during the growing season of
2015-2016. Treatments were 25% Chickpea (Mung Bean)+75% Sugar Beet, 50% Chickpea (Mung
Bean)+50% Sugar Beet, 75% Chickpea (Mung Bean)+25%, Sugar Beet and monoculture of Chickpea
(Mung Bean) and Sugar Beet. Legumes varied depending on the growth season, at the end of winter,
Chickpea was intercropped with Sugar Beet and after harvesting Chickpea, Mung Bean was replaced by
chickpea as a thermophilic plant in the late spring in the same rows of chickpea planting. During the growing
season, composition of weed species together with weed density and dry matter were measure at 2 time
before and after closing the canopy in randomly sampled 1x1 m? quadrates. Using the species frequency
Margalef richness index and several diversity indices including Shannon-Weiner and Simpson’s index were
calculated for each treatment.
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\A4


mailto:akooch@ferdowsi.um.ac.ir
mailto:mnassiri@ferdowsi.um.ac.ir
mailto:mh-hatefifarajian@mail.um.ac.ir
mailto:akooch@ferdowsi.um.ac.ir

Iranian Journal of Pulses Research
Vol. 13, No. 2, December 2022, p. 62-78 (Original Research Article)

Results and Discussion

The highest range of weeds relative density was obtained in the first stage of sampling for Lamb's
Quarters (29.81-68.1%) and in the second stage of sampling for Prostrate Pigweed (22.45-43.96%). The
highest weed density at first and second sampling was observed in monoculture of sugar beet with 178 plants
per square meter and the ratios of 75% chickpeas (Mung Bean)+25% sugar beet with 84 plants per square
meter. Also, the highest biomass of weeds in the first and second stages of sampling was observed in
monoculture of chickpeas (Mung Bean) with 48.72 g/m? and the monoculture ratios of sugar beet with 40.49
g/m?. The highest Margalef species richness index was observed in 75% Chickpea (Mung Bean)+25% Sugar
Beet and 25% Chickpea (Mung Bean)+75% Sugar Beet with 2.83 and 4.29 in the first and the second stages
of sampling, respectively. The highest Shannon-Wiener diversity index was observed in 75% Chickpea
(Mung Bean)+25% Sugar Beet and 50% Chickpea (Mung Bean)+50 % Sugar Beet with 0.6 and 0.76 in the
first and the second stages of sampling, respectively. Finally, the highest Simpson’s diversity index was
observed in 75% Chickpea (Mung Bean)+25% Sugar Beet and 50% Chickpea (Mung Bean)+50% Sugar
Beet with 0.68 and 0.796 in the first and the second stages of sampling, respectively.

Conclusion

In relay triple intercropping ratios through more shading and space, the conditions for weed growth
became more difficult and intercropping ratios reduced their growth. So that in total in two sampling dates,
the highest density and biomass of weeds were observed in the monoculture ratios of sugar beet and the
monoculture ratios of chickpeas (Mung Bean). In general, with the increase of plant diversity in the
agricultural ecosystems, fewer ecological niches have been provided to weeds, which reduces the number
and density of weed species. The best cultivation ratios to increase the diversity and species richness of
weeds in the first sampling date was 75% chickpeas (Mung Bean)+25% sugar beet and in the second
sampling date was 50% chickpeas (Mung Bean)+50% sugar beet. Based on this conclusion, intercropping
can be mentioned as an effective tool to increase biodiversity and reduce the density and biomass of weeds.

Keywords: Cultivation ratio: Margalef species richness index: Shannon-Weiner diversity index: Simpson’s
diversity index
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A4S il 0SS e Sl Lyl g 45 0h 5155
Ligh 1o Oaried (SIS Sy Sty Yazo! -l o1
Jals by I o5 (Ghale Noyee et al., 2016) a.ib -
Apium graveolens ) .5, 5 4 (Capsicum annuum L.)
A et L alie )3 s, (3Rl b S e L
# b srestadle S Sl 0y90 (g JB by Jalb
L byloue oS 0 (Hlhom 0)90 bl 0 5 raslacite
a5 o (Baumann et al., 2014) cél zals ss of )
Cicer arietinum) sgss bglsee caS a5 o ools oylis Koo
) pUlg (Jyame S AllS coiS glra 9> 5 (L
=y BSel, S lae 4 g cusls raglacile b (g i
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(s oy dailg sl eolaiul b Jaaste 90 (o <ol S 028,85 ploul oo bl Jawlgl o iy g G9 &y g0a
Willey, ) oo 5 s (A) cdle o3l 5 (K) 151,55 VWO x $e Jolsdas cass;on Jolis &, S 8L ol
(1979 3 gy ya Bl Yo x VYO alol b > 5 guye yio il
[Kﬂ_b]: Yab < Z ba .. ‘ . s s @ ..
(Yaa—Yab) xZab > © 7 w2 ) A 48,5

(Kba) = —225Z80 S5 o iS5l b)) hshate 4 5 raglacile I g5l paiges
(Aab) = Ii’yr;z;b_YbE} i zt{fﬂam ’ h L olyels s S jlesliwl Lo 5 yedile Cundg p byl
40} = Waa—zan) I:Ybb—Zbﬂ}P el 5o Olyole s Bolas sl el g a0 ie G o
(Aba) = - Yba _ Yab ST S Oygo gulaesl la )l SO o Las, S hawg by s
(¥bb-zba)  (Faa-Zap) =" 7 S5 aged ghaw ;5 39250 5 paslacile (515 5 Sas (55

Yoo Mo allss e S s, Slae Yan atad, ool g . ’
J:b . u"J ML ) Y ) L: t)_' ” (S vy ad> 10) sloaiawl J2lgl 5o (6 59la—om 51 g
cbglove 2t 50 ML o Sae Yap 92 (alls S 0 Sloe 15 OlalE (LS St sl (s yuFojlail (sl o drlone

Zba 5)13[) Ly g.,\.».m.: Zab eb}l}t.c AL BN 4 »))S.Lo& Yba celbfA Gaa o s s . UGS Sls )‘ ;M) c\l}-).,q

Pl 6,50 2> || jcjlm ESNCE M 2l oz eals 18 gl o ol S il az 0 VO sles 4o

«Odo, 1991) s °°L°».-‘;:Iw:ﬁ;_: ;f;::ir:"’h*’ ol..\_d @ Sg .&L‘Ui‘ Jelis )lfl» 9 9> l* alayl, ?Q.ngsgoj‘f‘

B ailoY e e yiggaig Ve nSlee 5l aigy o COME Slaw Ay

3 92 9 ML o, Shoe (1 lo Sp 9 Sa atal) ol yo o SoSedgm g allo o Shae (U O+ Glaiged aw (uSileo |

St 50 gz 5 ML o Shas (5 Sike Yh g Ya 5 alls cotS A dnls @ ye o g3 Jolae (edan uSiles

Seslawl U gados ol 5l Jols Sledlbl anil o byl Sdiedgw dewls lm (LER) e 6 1l S )

3 LagnSile awslio sl 5 405205 SAS (ver.9.2) 1l o ooliiul alls ot L dnglie o bl cuiS
Sy i mhaw ;0 (LSD) Jlo s YS! oy 1S y50)] LER = 4 4 ¥I
s oolial i X

o Lalls o, Sl sasaolis Yij g Yii alal, ol )0
0, Skes 4 by ye Yii g Yij soeyj 9 i £l DY sams 5l S
Ll bole s o WY gams 51 G 2
axdllan 3 )90 dllio ;0 S (o leoniiy (K 3d Cloguas - Joux
Tablel. Physical and chemical properties of soil samples in the studied area

ooy diges goe (M) Sl Olen 33 Cannd osloweys K S Calan
’ Soil structure (ppm) (%) w0, OM (%) (o g wes ) (o)
Depth of sampling S::d ‘Ssl;i CT:-l)y Po‘:‘;;Lijm Phol;:;;rus N‘-i)t)rjc:g;:n C::Z:;n A‘Zp:;‘ EC (ds.m™)
0-30 21 41 38 155 10.4 0.038 0.4 7.4 3.2
CiS )0 58 )0 p Sl S YFAF L g2 o Slas (il 09 ey g gl
5| by e iS5 Mol Cod LT3l b .t oanlie Lalls g Jsamo lsl 5 5,5kes
30 amo,0 VY an AY 5l o= s o,Sles auo,0 #Y/Q 4 VYD 0355y 1 ialesl sl o ).,..L, oS ols las s
3 Slos ggazme ol plts (1als ol Al cutS b ansli oy Sy Jlaio o o g2 ey Slod g ails 5 ,Slas
28l ol 8l bglee cudS )0 ML o Gl 8l L 55 ails D9 o cmire agy glas l g allo) e v v yis 1 Jg e)lo sixe
2 S s kS VIAY L ely; oolS bl o Slas o 2 Sassd i a8 ols olss Lo Silee aylie (Y Jgoz)
(¥ Jg92) el ooy (520U Ve v YYD Cs o LS Sy Olaed 1,568 g YAT L o> alls ciaS jo amsy
e WVIB 5l by doue S )3 MLy o (al33 j5boreen sl L as as oaalion YY) L (5> DBLY V-« Y10
9 009 lumy WD g2 oS 0 Sloe 2alS crge FY/O iS5, Shee bl (5o sime OS] LM glaans

ol o e )3 w38 o3 Ve 4 ARl (el o Shes i o] ble coiS b anglie o oS 51 S e Lals
bl Jlisas as 0 FY 4 VY 5L ol

M
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9% oy G Lh 5l (B g 2 Mol o515 Al s (il ylg 4328 -Y Jgu
Table 2. Analysis of variance for different ratios of barely-faba bean plantation on some traits for faba bean

et 2l olyl a0 ag el azy ooy EHEARRROSTY alo o ,Slos 00 Camn j O ySlos
Variation Source  Degree freedom  Plant height Tillers Thousand kernel weight  Grainyield  Biological yield
(Block) 5L 3 6.41™ 0.143™ 0.766™ 6.11™ 3.38"
(Treatment) ,Los 6 15165.1" 56.49™ 0.692" 165.8 83.43
(Error) Ua> 18 14.93 1.26 0.044 2.85 0.406
(Total) Js 27
Sl apl 41 9.8 55 47 5.2
(CV %)

oy ‘S‘ CJ““’ » Q‘)?f)l‘)u‘" 2 9 OQ%)‘QLS-L' °)f'é "moﬁ)u". H‘:‘4)"4‘ o 9 ns
ns & **: Represented of non-significant and significant at 1% probability level, respectively

9 =155 SB S R 2 5 92 balso 5 (alls el w3l -¥ Jgun
Table 3. Treatment effects for major agronomic traits of barley grown in mixed and sole culture

S ySdos

(doy0) LW Cand 03gicumy ) @1oYeeey39 Gy gl Sloxs s 5 Shos &ls gﬁ Egoxo
Mix-proportion Biological Thousand kernel weight Plant height axiy Grain yield ¢ ‘f”')_
(%) yield @) (cm) Tillers (kg ha?) Total grain yield
(kg ha!) (kg ha®)
A = 6916 49 119 384 2496 i
Sole barely
s>
Barley/FB 6242 49 113 331 2337 2749
(100:12.5)
5Pk 6108 49 117 273 2136 2812
Barley/FB (100:25)
2L
Barley/FB 6100 47 118 325 2142 3187
(100:37.5)
e 5868 47 117 300 1931 3054
Barley/FB (100:50)
523k
Barley/FB 5811 48 117 271 1866 3169
(100:62.5)
LSD (0.05) 1017.6 NS NS 65.5 371.1 -
(22) skl e 204 51 75 28.4 16.1 .
CV (%)

e il VEY L agr glas )| oy i ol odalive bl
S 53 o0 dgr )] (0 7S 5 00 AllE iS4y by
Sl plo ol ool e Blo VYF LOBL as 0 VY0
Dod S 18 gLl 09,5 S 0 wig glas )| blsd 4 oS
oS o ails o, Sles 00iuS psd g e Jole ailoV e v y5g
‘n)_fa\“\ 5()/\?1_34_§|.>\'HQ)‘5 RS g Oy o o
odalie WLy alls cuis 5 3o, 0 VYD Cad jo cud
oanlino oS slacaus plo o o)l g AT 0l

(O Jgaz) s

AY

ML Jgrazo 32l g 0 Ko
0395y g 4l 0, Shoe 1 alejl slajles 156
Aoy SO Jleio| a0 ML aigy glas | g ailoV e v+ 59
(F Jgaz) 09 Sl cmxn aTgy ;o BME dlawd g Ll gime
2 eSS VIV L ol el cuss 5o 3L o Shoe oyt
Lol olas caas bdlis! sl o auslie ul Cavoas S
Ao, PYIO 4 VYO 5l badsee ciis jo ML cas ul38l
9 i Bl ol 38l sy FA 4 VY 5IOIEL wils & Slac
2 eSS VOY 5 OV ¢ b ol ey 1l 00ty (n jheS
CdiS o MBL as 0 VYD G g Al S o LS
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Mk (owy 2 990 GBS 29 3l (B2 2 MBL-g2 o515 Aliso Gl (il lg 4 3o -F Jgur
Table 4. Analysis of variance for different ratios of barely-faba bean Plantation on some traits for faba bean

ts 29l ol a0 ag el Agy yo AN olawy 4iloYeee 39 ald 0 ,Slos S jelem o ySlos
Variation Source  Degree freedom  Plant height Pod per plant Thousand seed weight  Grainyield  Biological yield
(Block) 5k 3 131.8™ 5.82m 2328.58"™ 7.15™ 5.02"
(Treatment) Lo 6 7138~ 8.06" 75214.8 15902.88 19775.5
(Error) s 18 48.73 1.26 5042.58 396.56 337.02
(Total) Js 27
it 59 119 5.7 11.9 65
(CV %)

Aoy gy 5 ho S S gk 10 (3l e g (309 )I0 gire pud sl i s Say g M NS
ns, ™ & ™: Represented of non-significant and significant at 1% and 5% probability level, respectively

Wby o215 SS9 2 Wb g 52 byl 5 Al S 15T -0 Jguz
Table 5. Treatment effects for major agronomic characters of faba bean grown in mixed and sole culture

SOl gm o ySlas

(30 y3) LS| Canid I ] ails o ySlos alo)eeryig &g glas,l Ay yo B Slasi
Mix-proportion (%0) B'OI((:gécﬁLX;eld Grainyield (Kgha?!) Thousand seed weight (g)  Plant height (cm) Pod per plant
oalls L 5700 2621 549 141 10.3

Sole faba been
5736k 753 412 586 126 9.2
Barley/FB 100:12.5)
o 1382 676 569 132 10
Barley/FB (100:25)
ozt 1876 1045 558 136 10.4
Barley/FB(100:37.5)
978k 2158 1123 572 134 9.4
Barley/FB (100:50)
ozt 2504 1303 563 137 8.8
Barley/FB 100:62.5)
LSD (0.05) 391 278.4 20.2 7.1 NS
(22) Syt e 206 20 44 7 28.6
CV (%)

sl eamoylis 4 S a5s S Jes ;53900 - slacale
el jypcile sy o)lo5b b alal) o LS G (Sl e
s> a5 ceas (Szumigalski & Van Acker, 2015)
CiS b anlie (o 5 edle S 5 yiion mezd 4y e
ML o515 0 Giulidl as coul Jls jo ol ol bl
oeals acsls Jlisan 1y 5 ecale i oole pod yualS
oAl el L aislin jo balxe cuis o ecile o515
syachle b aols, oML YL LTS doas ol (See 9>
G2 9 (29LS S (b e ad) S pe il
oSy mals LYo 51wl o 5 SYsb Do gl S mlaw

A5b YEL el yo 5 ,ecale

AY

jypide o515 9 Sl (59
oS s St s et Gilise glacens L
Jlaisl maws )3 5> Lalls S b anglin o ) slaile
039 DS 3 i (P J90z) 09 o e w0 y0 S
SN e e p)S TV gV L ja 5 redale Sas
g2 (52 ML) Vv VD Lo g 92 (alls iS4y by
Glizee Glaces jo jredle Sis (5 dwglie &5 Wiz e
ol i 1y o e BW S 0929 pae by e S
SiS (59 a5 wSe,S ()5 liie (oS (Y go)
S Al ctS b anglie ,o bl oot o 5 nslacale
(Liebman & Dyck, 2011) oL o ialS Js—axe
—palS g IS-paus i bl i glo Lo ailivejsboay

by ey o oyl 1SS e alls CllS 4 Cad dgi-15IS
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ppdade oo psll (B MBL-go o051, il e (il ylg 4 3xi —F Jgo
Table 6. Analysis of variance for the effects of different ratios of Rapeseed-Broad bean Plantation
on some traits for weed

e @il @bl a0 jpdide gl jpdle o8I pdile SS9
Variation Source  Degree freedom  Weed diversity Weed density ~ Wed dry weight
(Block)s'sls 3 0.467™ 0.067™ 13.45™
(Treatment) Lo 6 1.1m 38.57 513.57
(Error) s 18 0.3 3.32 19.93
(Total) Js 27
(22,2) Slieedd o 2 155 7561 9.66

(CV%)

RO A S T P PPV P PO U CE RN RN S P VIR |
ns & *: Represented of non-significant and significant at 1% probability level, respectively

203 210 S 9 5y slaile (SES (339 9 w5155 » YBL g 92 bglo CldS Comnd 13T -V Jgun
Table 7. Effects of mixed cropping of barley and faba bean on weed density and dry weight and
partial and total land equivalent ratios

(w0 y0) LIS o
Mix-proportion (%0)

Jpale LS (59

Weed dry matter (g m?)

Weed density (plant m?)

o) SR o

Jypale oS0, Land Equivalent Ratio

e ML s

Barely FB  Total
Al > 71 29 1.00 - 1.00
Sole barely
PEEN 57 27 0.93 0.12 1.05
Barley/FB (100:12.5)
PENER 56 24 0.85 0.23 1.08
Barley/FB (100:25)
5>/D8L 51 22 0.85 038 123
Barley/FB (100:37.5)
PENER 53 20 0.76 0.41 117
Barley/FB (100:50)
5>/S8L 47 17 0.73 0.48 121
Barley/FB (100:62.5)
LSD (0.05) 11.3 2.2 0.12 0.07 0.31
(30 )) Dl o 276 43 167 172 139
CV (%)

Uil e MBL o515 50 als el Cawsds (5 DIEL)
aS el ooy 5155 (Y Jga2) w08 ecile (ST o e
o B je0 el @ als oy &3 el S
(Bilalis et al., 2017)sls jzals ;, acloacle ¢l
(Panucum miliaceum L.) .;, balsee ciS casline gl

U5 ol 20lS iz ge en,S 3blis ) gladsle psS)

1. Green leaf desmodium

AY

CoiS e e eagicen ) o el Gded (nl o

3 oldize ;K0 glaal L alls s a4 Coad balse
Lens culinaris ) juae/pasS by lke ciS pyas
Trifolium) g s ,os «Bulson et al., 1997) (Medik.
Holland & Brummer, ) , wqs 3> /@lexandrinum L.
WS —iabeyl sl Lo 51 csls coiillas (1999
F Jgaz) 05 Iy s o) SG Jliol a0 5 y00ile
P e W o VAL ool jay jyaile slan o 5eS g 0 len
Voo YD Coid 5 52> Ll S o b iay ao e e
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byl csS o) o ML Llus bl el jasls
30 5> Cndlé s lh qald e (A Jgoz) ol s
ML 45 Cl e ol ML L cuilS Gl slocans
slocaus 0 o 9o 4 o YL 0B, @08 lyls
Jolse 8l yo gl oS (guailgs A_...Jlaso CnlS el
Sili3l 5o (et i 598 g Bl polie ol wiile gdie
195 Oleo cp! o (Fernandez, 2002) s s o1 ools, oUlgs
039 (55,3l (loptrwsST )0 ol bl Jole oy et
o 0,33 J B 4 S 039 T e Sy 4 S |, >
Jole G wilgs co a0 5, o 5l (FErnandez, 2002)
b gl ;5 DL sl olS o (0B, SUls Gial33l S ege
o8l e @ Gln ) 03 bl VL el Jdsay 5o
3 Gt g5 B g @ dh) A yomie 4S5 03l
ol 0l 15 yeS eST slacaas

5o belie o —=l); plalS adls o, Slee a S0 50
2 ey 5 Gogese 09 S gl el ctS b anglis
s 5l S 035 YL a3 bolie cuiS
L0 5 ey 5yl G polie nSKilio .8l Sguge
Cwsdy ML g 5> byl cosS Galises glacans ,o V/YY
2 ollS IS e alls s as cunl g Gl ol sl
TV LD @ olass o,8lee oy cqzr boldee caS L anylis
LS 09 5L ailas 45 039y atejls iy (e do o
el LAl S 4y s bglite CuiS )5 e 5l ooliiad
Kallu) 5> g wae bolse cuiS pgas o olin mls
Jensen, 1996; Chen et ) s> 4 5455 «& Erhabor, 1990
Bulson et al., 1997; Haymes ) sui5 4 LsgJ «@l., 2004
Li ) MWL ¢ «,3 3 & Hauggaard-Nielsen et al., 2015
el oo 5,155 et al., 1999

GalS .l 2als DB o515 Gl b s alls o Shee
dmogs 1,5 51 51,8 DB oST5 Gl b g 5 Shes ity
oo 3050 im0yl g ML balls p cdYo suls
oasadplis g Cle polie (o9 shie 5 ST (s
ool35 Willey (1979) .o WL lawgs g oyoinssS yw
Sl 5 iy o515 i L olS ibgline o oS 5.5
g alyS Koo ol slie 5 alale o Joene jsboay hie

B ML g g by e cclyy as ol s =

Sla S bolpl gble L o daorecun ) ¢ golaiil
0lgs e 39 3wl 0 g SxgS £)l50 Vb Cumex o515
s> 0 Slac jalS 0929 b caalllan pl jo il oS lgal

AD

Midega et ) o by lse ez o Striga lutea) o >l
oS 5 E55 (039 » Wl o0 )5 St @l 2010
I RGAPY PO Fv-E IRVl AR AW gk { WS OO VY1
S5 cezge wlgi oo o Sl (651 Cn Fretes 598 e,
Jutl s 95 @y b az ) 5 racile (5054l
sl g ady bl S a8 00,8 ciiS glacays, oy slas
Steinmaus et al., ) o ls JLosas 751, 5 achle axals

(2008

<ol Ulgi 9 oo $390 4 2T
Sy 0, Sles omd dgw cpl (Y Jguz) 090 S 5l i
bl Gl cnl,y an ol8 Jeame lyal a5 widl o las!
4o oliwd Gl 514355 (59,0 Culd; 5 005 (SO5elsST asline
0, Shos saedgw il (sla5eT pn o8, 5l Sl (il
a5 (213 dlge 5 ol g i gad; lie a5 ool Lo
P 03550 4 (LS 5 ooy (b g ot i S
b 3 by dxe slizl (6,500 u_,l.:‘}.’ 50 S A
@ @9l g S Bl (29 b ol gelS
Tsubo etal.,) asl oo ais, Gos 5 5,5 Oladais Cundy
2001; Morris & Garrity, 2011; Midmore, 2009
g (Zeamays L.) o,d bylse oS as cuwl sl i )155
a1y 6 i e (Vigna unguiculata L.) Ldeis Lol
230 jebian gools palS |,y oed ol wSlal plo
0dlidn Sgupy 8 alls S L aslie ol S b,
5L (ST, !y 81 L (Ghanbari et al., 2016) <.l
YA 4 VY I ol g malS VY ag < /AT 5l o>
9 (V Jgoz) el Cawods (4M8L) Vo o VIO cos 51VIYY
Eg—ore Ll 009 Qo) VY bgle sl 5l Jol> adlal
ol las

3 G 1851 g gy LS glacas 4 LS 5o
CinS A Cond bgle CiS aiedgw I a5 00g SO
(52D Voo YV Comd 0 VIVO o515 o g 0
Aoselo ol Iy jlode O it o (5590 s S
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10 callan ol ol ulad el i e 3blio o damgi s slbcns 5 JS als 3 Skas | ol> gzl 4 az g b byl
20,5 YVIO 5l e b MBL o515 g2 5 WLy bylre cozs 3 et ool gy 1055 50 (6 5L (555000 3l el Sl

il ol Al cuss 3959 4t ;S L g bl (glizl bawg Ol 5 2l plie

boloo cls )0 ML g 92 s (390342 AS LD 9 Cadle o515 (o i 8 - A Jgux
Table 8. Relative crowding coefficient (k), aggressively and system productivity index
of barley and faba bean grown in mixed culture

w55 e o Codle
Relative crowding coefficient Aggressively

(o y3) bIWS| Coni prs ML pes ML i (599 0 J oLl
Mix-proportion (%) Barely Faba bean Barely  Fababean System productivity index

97t 174 111 193 07 0.7 2634
Barley/FB (100:12.5)

o 1.39 116 161 03 03 2683
Barley/FB (100:25)

57 PEL 2.14 151 323 05 05 3040
Barley/FB (100:37.5)

5z PEL 16 134 214 06 06 2903
Barley/FB (100:50)

97 PEL 172 144 247 03 03 3005
Barley/FB (100:62.5)

e 1.72 131 2.34 -04 0.4 2853

Mean

&bw
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Introduction

Mixed cultivation is part of the crop rotation program and a suitable solution for weed control,
especially in low-income agricultural systems. The usefulness of intercropping compared to sole cultivation
in weed control is due to the deprivation of weeds in the use of resources and higher yield usefulness. By
creating diversity through intercropping, the stability of cropping systems increases. In such systems, optimal
conditions are created for pest management, nutrient rotation, resource utilization, and increased yield.
Therefore, the need to use ecological principles such as intercropping to increase the productivity of arable
land seems necessary. After cereals, legumes are the second most important source of human food and have
a special place among crops. These plants have an effective role in increasing soil fertility and reducing
greenhouse gases due to their coexistence with nitrogen-fixing bacteria. They are one of the most important
grain legumes in the world. In 2017, the global area under bean cultivation (Vicia faba L.) is estimated at
2.463 million hectares and its global production is estimated at 4.840 million tons. The area under cultivation
and its production in Iran in 2017 has also been reported to be 217.28 thousand hectares with a production of
17.882 thousand tons. The present study aimed to compare single cultivation and incremental bean mixture
in a mixed bean cultivation system (barley-bean) concerning the yield of each plant and the rate of weed
suppression.

Materials and Methods

This research is carried out at the research farm of the Faculty of Agriculture, Islamic Azad University,
Shushtar Branch, with a geographical location of 32 degrees and 3 minutes north and 48 degrees and 50
minutes east and an arid and semi-arid climate, with an average rainfall of 321.4 mm and an average
temperature. The annual minimum and maximum were 9.5 and 46.3 °C, respectively. Treatments included
sole and mixed cultivation of barley (Valfajr cultivar) and beans (Barakat cultivar). In sole cultivation, barley
density of 400 plants per square meter and bean density of 20 plants per square meter were considered based
on the recommended seed amount. Treatments included sole and mixed cultivation of barley (Valfajr
cultivar) and beans (Barakat cultivar). In sole cultivation, barley density of 400 plants per square meter and
bean density of 20 plants per square meter were considered based on the recommended seed amount. In
mixed cultivation, barley density was fixed (400 plants per square meter) and bean density was determined
as a percentage of net cultivation including (12.5, 25, 37.5, 50, and 62.5%). The research was conducted
based on randomized complete blocks with four replications based on the incremental method in the mixed
system in the 2009-2010 crop years.

Results and Discussion
The net crop yield of each plant was higher compared to its mixed crop. The highest barley yield 2496
kg/ha was observed in sole cultivation. By increasing the ratio of beans in intercropping from 12.5 to 62.5%,
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barley grain yield decreased from 93 to 73% compared to its sole crop. The highest yield of beans was
obtained in its net cultivation with 2621 kg/ha. A comparison of cultivation mixing treatments showed that
by increasing the ratio of beans in mixed cultivation from 12.5 to 62.5%, bean seed yield increased from 12
to 48%. Although the grain yield of crops in the mixture was lower compared to their net cultivation, the
total productivity of the land in mixed cultivation improved as a result of the higher parity ratio of the whole
land. The average values of land parity ratio were obtained from 1.05 to 1.23 in different ratios of barley and
bean intercropping. This means that the net cultivation of each plant requires 5 to 23% more land to produce
the same yield compared to mixed cultivation, which indicates that the efficiency of land use in mixed
cultivation is higher than in sole cultivation. The effect of different crop ratios on dry weight and weed
density was significant compared to sole barley at the 1% probability level. The highest and lowest dry
weight of weeds with 71 and 47 g/m?, respectively, were related to sole barley and the ratio of 62.5: 100
(beans: barley). However, the comparison of weed dry weight in different proportions of intercropping
showed no significant difference.

Conclusion

Mixed barley and bean farming can be economically and environmentally promising in most parts of
Iran, with high population density, small farms and limited income. In this study, despite the decrease in
barley yield due to the increase in the ratio of the associated crop (beans) to barley, intercropping was more
productive according to the results of total grain yield and land parity ratios.

Keywords: Density coefficients Grain yield¢ Land parity ratio¢ Productivity index¢ Sole culture
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Table 1. Genotypes used in the experiment

Code s Genotype wwisij Source Lice Code us  Genotype wwigij  Source Licw
Gl FLIP2012-2L ICARDA Gl1 FLIP2012-207L ICARDA
G2 FLIP2012-8L ICARDA G12 FLIP2012-245L ICARDA
G3 FLIP2012-9L ICARDA G13 FLIP2012-262L ICARDA
G4 FLIP2013-2L ICARDA Gl4 FLIP2012-13L ICARDA
G5 FLIP2013-15L ICARDA G15 FLIP2012-24L ICARDA
G6 FLIP2013-25L ICARDA G16 FLIP2012-45L ICARDA
G7 FLIP2013-29L ICARDA G17 precoz Argentina
G8 FLIP2014-021L ICARDA G18 Kimia IRAN
G9 FLIP2012-3L ICARDA G19 Bilehsevar IRAN
G10 FLIP2012-196L ICARDA G20 Sana(Check) IRAN
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Table 2. Meteorological statistics of Zanjan Khodabandeh rainfed agricultural research station in two cropping years

V- aA =l J AA-28 ey Je
Crop year 2018-2019 Crop year 2019-2020
obo Gliao glod SiSla Gl clos JBlas S,k Gliao glod SiSla o slos Jslas S
Month Gl (615 gy (g G (615 ) (osleo)
Absolute maximum - . Absolute maximum . .
Absolute minimum Rainfall Absolute minimum Rainfall
temperature o temperature o
(C*) temperature (C °) (mm) (C°) temperature (C °) (mm)
October 5 27 155 5.6 29.8 17.2
November 0.4 20.8 7.1 -10 16.8 6.4
December -2.6 12.6 4.3 -8.2 10.6 19
January -10.4 9.4 -0.7 -13.4 10.2 -1.2
February -94 10.6 0.8 -20 10.4 -2.9
March 7.2 14.8 2.6 -9.2 174 5.6
April -5.4 19.8 6.8 -1.6 18 6.6
May -4.2 24.2 12.2 3.2 24 12.8
June 7.6 31.2 20 8 32.6 21.4
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sy Jpll g i G18 Cigsy sl YENY L G2
los gools s o me WS G2 5455 L 55 GH
(F Jgoz) wols oylid bewieh) aniy ds Cand | (65505 S
L G16 5 GS slacaisis a bgye yimsid (liee (itien
33 s Jol 0T 2l U bogee o082 (FJgox)
Sl g 0,8 lee jualS 4 o Coled 40 g w0 o0 &, S
35,5 oo ol 0geS bl 4 cas lalS o, Slee
o=, (Johnson et al., 2002; Ganjeali et al., 2011)

af

Vo dgaz jo asdllae 5 )50 Dlio uil)ly 4555 s
JLd Guls Olas jo (gl s Dglas .l oulls ooly ol
Colas (giiwgtd O Bpas o5 WSy lod (g imgd
55 Ot 0 yShas g adlo) 55 w0l Bpae L) (Ldgse
Lo el 4 dmgs L 45 it sualie talej] (gly2] Jlo
A e Gialel sl Jle 90 50 Oglate  oonddl
Olree o5 2 los Slio )3 adlllae 3550 Slacios) Sy o0
Ao, Slas g ailo) e+ 59 0l 8 i)l weid
g5 3l Sl mles cplwisls i KuS L 1y g5ls goe
b s Slio ol Bl baeassiy cnl Sy oYL
o oy Bl (oalod )3 Jlox sy bl 51 S0
O Slao oyl Olhosd Wg; aes oo L A 0g o Jre
252 GLeSy (s Oy90 Jlo 99 sk 5o aoads
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5% 9 00 Pt lars (20T wgl 50 i @ 03,5 0
oLl 55, Slas 5 (g0, Sloogas p was b el
.(Ahmadpour et al., 2016a) »,ls

o olzail iyl 4z 5l eolaiwl b as cadls &b
3 ydie Sz b boeishy alilaz isd TS Gulol
(Fikru et al., 5,5 o )90 cigi €5 Lo a4y amgi b
(Anyia & Herzog, 2004) coul ologs odgs al> 0 oyl
Cdyb 55 T sl AlS (geMapesl Sy g
S el oy oo g Sl (S 5 4 (ploardion
(Kruger et al., 1995) sil Sz Joss oS

i 4 S assls Las (Zou et al., 2007) Las=e
5 AlLS Fgmd i adls oty Sie Jsb o oS
AS so o pd |) S o gm g 0ol LialS 1) slaisg, colan
E9-5 odo il Slas ol jo o xe slacglay 59>
oS oSl g Sl ol J Ll w2 9550 Slacase
Ol 45 Lrs (s eailioo o] bl 2 gllas glacassis
305 13 Mol bl b Wi e g9

= 5 pliie biwg Guae STe) (o) n )
S pSlae aiile o lm gyl e jlmy (S
(Salehi et al., 2007; Ghahghaei et al., 2010; G 55)5.0
Fakheri & Mohammadpour, 2016; Pezeshkpour &
(Pezeshkpour & Afkhar, als s slee Afkhar, 2019)

2019; Salehi et al., 2007; Ghahghaei et al., 2010;
Fikiru et al., 2010; Yazdi samadi et al., 2004;
(Fakheri & a_ls\-- ;9 Zahedi et al., 2016)

Mohammadpour, 2016; Fikiru et al., 2010; Salehi
et al., 2007; Zahedi et al., 2016; Pezeshkpour &

| asdllas oyl 5l ol gl a5 o sumlis Afkhar, 2019)

9 )l e (e (Ko S slod b yinngid (e

L e dsse calie slaiss) calae oy Gliee Slao b
slo Hlis Jlo pre Codie (Siwod alo) o+ 55 9 Ol B ran
o (sldye) Colas g pgid Siales (1al5 (0 Jgux)
Figi 5o (Slas, Sasgiime toplis s e Lyl
Ol gy o i wlalllas o (Austin, 1989) e .l
(Bahadoran et al., 2015; sy & oo (@5 jwgd ials
e (Siwaed 4 a5 L Flexas & Medrano, 2008)
3l cillas (398 @l b s aslllas (pl @l el g9 (xl

S99 Lo 457 03,5 oo Jinwgid BBgi crge ladig, (abdlian

0

S gt i 9 LS 1 )3 Sjelg b Slet (e
o oo 5o ot M5 2 0geS 25 lyl o LS
(Singh et al., 2005; Piper et al., oS o Layl o5
5° 439, —25C02 5 a5 s gid el s .2007)
OB e Sl o St Glyeds it gla g
(Flexas & Medrano, 2008; Jaleel sl oo oylo o1oS
L olels a8 col ool olas calises wlalas €t al., 2008)
loasys, o, Shae aelas b LL3 1 o wel,l5 sl 15 5 5Lo
Dy amlgs (e S S llyd g Jeos 4 0B (S
2 eS Pty Sy gy o ey Lis b 4S5 sk
1y oo sloaials plonil 5y (ISl o Jlab el 5 Jlab JUis
(Pagter et al., 2005; Bender o ole o pol,8 e
Ol ;500 &,k 51.0zeng, 2008; Guerfel et al., 2008)
oS e Rl L 5wl i 2ol ey b (Al ngid
a3 e ol 2als Wy, K

b head aslllas lacaish m )l e Dol
Ol Lo 1Sl duslin a5 (5 9body ol ounlive oL glas )|
Sl YYY 5 YY/FY elis )| L GL 4 G5 slacassss ol
YoIYYY 5 YA IVPY glis)l Ly G15 3 G12 slac g g
e5535 Al O3glo e 4 4z i b wsg lacadel (n 5olisS
ab i (P9 ¥ ol locasssy G (eSle Slislio
FIAYY aslol e+ 59 L G5 4 G5 G7 slac g5 as
5 G16 G19 clacris 5 iy pyS S5 A 5 SIVYY
mieS p S FIVED 5 FIFYY XIAY asls) - 5 L G17
wazg b coly ;0 (FJsus) ais Lo |y aloY e« 59
Loqardssl o oeiilae Slaslie 5 sy S Goglo sne
G11 3 G5 G13 slacwsg a5 o aseiw (F 9V Jglas)
5 Cr i oS FEYIYY 5 FEF/FO FAVIAY 5, Sles Ly
oS 0,5 YAAMAY g YYANY L G13 4 G17 slacusiss
il las 1y bSe o 0,Slee 500

@lrcses yo adls o Slae (092 5V Sy (0 H5 &
o=l asloY e v i og YL JJo a s G13 4 G5 wile
Gl (Kialy gllas ails 5 Slos @Sl ) ol ool
2l adls o, Slee glial polie g gy Siugy 0d) 4
o, les yials Coles jo w008 Jelge (pl ol o a57 Lo
LS 5l (St bl o casls walgs o o ) asls
5 G385 e Sl (B it (6,128 Jomiliy SIS tals
5 e polie plu g ol Qi gz il jo Jlad e Jlal
(Zaltev & oas Juiue iy, alegas oS 5Li 5,50
5l g £Yordanov, 2004; Hosseinzadeh et al., 2016)

JUEsl asg; srimgd Ol 5 oy falsT L Sos s
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el o et al, 2002; Hosseinzadeh et al., 2016)
asloY e 59 9 ol elar )l ol B pae oT,LS ( Ldgse
SgaS i (O Jaaz) ol Hlas o g i Sen
)_._ﬂ )J Jg_.am A_Jy od_ﬁsojm gJ—Q‘ﬁ'c u—’)-’rv-eﬂ )l u—l
(Rahbarian o1 oo )leis 4 ol ) ;a5 alaxjl g Lis bl
Jylae 3 Sas s et al., 2011; Amiri et al., 2015)
Gkl ypeleS Slades a8 ol ame slo 5 o5
Coogasme Ly So5edsm 5 (Soisdsnned sloanls o LS
(Nasr ol osls zals |, olS g0 ,Slae 035 g 00,5 9,49,
4 l.>;l Esfahani & Madakar Haghjou, 2015)
Ol 5o peae 3 Slee Joudly 09200l BYS 00 Feee
ol sy Jad (b () f g Sy SIS E589 9 Sy
(Ahmadpour et al., 2016b) s 5 s ,Lsl oLS
Siglsired Olao plS 4 plS (g )S ) 4328 @S
Fdsoz) @b piie plpieds Jomgid Glime p oads pSosll
9 )0 s Sl )g‘b L sldigg, colas Caw g0 aS olo lis
Sy 00 (e S re (ke 3B L sl 2 CO2
Sied 45525 ;0 45 b len il (oo Fiwwgtd (e
S elaSaaa b g)lo pre (Siaan J5 0, Slas il cvnlie
Ao doe s olas s ould sy (So5eden 8 Dlao
T 5 39 )0 g b 9 Skes (59, p Slio (ul g S

YL 25 el ogllacl 5 sles (il clde ool Laas
als oo 0 Sdoe )3 (st 5 BB Sl 3929 9 Frimwgid
ol gadly pady by oSl Sjais SISl s @
Se 0 Jlplyean) fewgid Glie oS osll (ig) Jods
Saxie Olalllas Mla (L)LQ) )‘ ob55 0,99 s.i: 6‘).} Leru 9 j).)
aS el oold QLM.AJ u,ud.c 9 L..>5J ‘09.'56 J...d )‘ ULP K9y »
(Amiri et al., 2015; oL o malS Ladijy, yodbaiu
Ui b o lads, abatus Parsa & Bagheri, 2008)
DS oo Dygo ol 2808 el jgliieds 4z 5 (Sis
5 S 4l siwsns Wil 0 CO2 045 5l Canilae cle & Lol
(Johnson et al., 2002) sas ials Sl o alais
e (Swod Sy sles Dlao Ly asle) v - 5
hedore Calaw gt (e wslaiyy) Calaa g o siee
ols s jls mme it Ko ol B, ae @"T)L55
231 30 i S 53 Ol sgeS 5 (S5 (0 Jgo)
Ssedsid calisee Jole j0 olS o Shes 5 jiiwgid ials
(Parsa & s,ls o5 (oo dde 3 205 (sla=als)
- Sead i gl ol 3l ey seee 51 Bagheri, 2008)
Juasl jo (Sas)losl 02 99,5 (2als an Gl oo (lalS
ol S colys 50 g g gd o, Shae ol S (yg S
5,5 o)Ll o, Sloe Culys jo 5 Ll iawgid gCO2 s
(Ahmadpour & Hosseinzadeh, 2017; Hosseinzadeh
S 5 S o sledssg, i L olals et al., 2014)
O dy oo gl ey O Lio 5 550 talS
(Hamdi et al., 1992; Johnson aias oo zwl ol 0guas

oo Saiai] )0 dils 8 Slos g (g pwwgtd lho (il ,lg 438 Y Jgur
Table 3. Analysis of variance of photosynthetic traits and grain yield in lentil genotypes

I gty 2302 colun <l G pan 2T,
a0 _ 1433 P % )
Source of S ol S Sl ‘SS 1)1” o 14539, Fwgid & g
variation el Ll photosynthe Leaf u Transpiration ; Photosynthetic
tomatal Stomatal Photosynthesis
df  tically active temperature S (z:ng a rate conductance water use
radiation z efficiency
Year J 1 364762.1** 448.15** 6750 4.485 0.000083 48.488 5296.05**
Error 1 \ gl 4 38683.9 51.88 1938.77 2.156 0.0009 5.715 300.6
Genotype ) 19 1344.4 1.158* 750.65 0.773 0.00103 7.012* 323.49
Genotype*Year  Jlo )5 s 19 12247 0.388 875.14 0.626 0.0009 3.05 444.03
Error 2 Y gl 76 1154.8 0.602 886.01 0.492 0.00076 3.887 412.49
cv I JUUES UV 1.7 231 16.35 20.5 29.7 20.9 19.19

Ay azio [0 ¥ gaz el

a5
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a0 Solan . s .
Source of i gle i b ol & pao 21, oS glis,f e iy B ol 5 Shos
variation N ”.o_ i : 100-Seed Number of .
df Mesophilic Water use efficiency Plant height weight pods Yield
conductivity
Year Jw 0.004** 12.77** 1.24 1.714** 184 3663485.2**
Errorl ) slas 4 0.00024 134 2.649 0.0098 14.9 2324.8
Genotpe 95 19 0.0003 0.263 2.77** 4.71%* 1.418 17519.7**
Sl
Genotpe*Year ’ jlj)) 19 0.0001 0.128 1.27 0.052 1.06 7998.29
Error2 Y sl 76 0.000198 0.164 0.769 0.018 1.13 6402.8
oo
cv O 26.3 144 4.18 2.46 11.59 204
bt e
00,30 g o) ) il molaw ;o lo e ol 5 dg e g s
**and *: Significant at 1% and 5% probability levels, respectively
e ilizee slacaisi) 50 9 Sles g gt b b o lio (1SSl dmglio -F Jgux
Table 4. Comparison of mean traits related to photosynthesis and yield in different lentil genotypes
b s #5C0:
[caand . 3% Colas ol & 7,
¢ lai g T3 od - - S AP
N s el e owgs
kD) (46 3 &30 350 3 (81,5 i) 7 Jse i) 'N fb zer 7o) I o 31 Jg09,50) ) S
Genotype  Photosynthetic Leaf (s (o e (Wl 2 20 o (46 5 g2 (1 J30 €Oz Jyas S
activated temperature Sub Transpiration Stomatal Photosynthesis ~ Photosynthetic water use
radiation (c® stumatal rate , conductance (pmol/m? s) efficienc
(umol/m? s) co, (mmol/m?s) (mol/m2s) (umol COz/mol H20)
(pmol/mol)
Gl 1955.8 abcd 33.467 abcdef 172,67 ab 3385 abc  0.092 abed  9.985 abc  113.12 ab
G2 1927.5 d 32.65 f 17233 ab 3272  abcd 0.1 ab 9.893 abc 104.4 ab
G3 19485  bed  33.267 bcdef 18867 ab  3.39 abc  0.095 abcd 9.348 abcd 100.72 ab
G4 1951 abcd 33.183  ecdf 189 ab  3.607 ab 0.102 ab 10.177  abc 99.97 ab
G5 1957 abcd 32.7 ef 1775 ab  3.665 ab 0.11 ab 11.357 a 105.36 ab
G6 1952 abcd  33.067 edf 186.83 ab  3.702 ab 0.105 ab 9.737 abc  102.98 ab
G7 1967.3 abc 3355 abcde 176.17 ab 3.615 ab 0.098 abc 10.15 abc  104.73 ab
G8 19555 abcd 33.367 abcdef 17483 ab  3.445 ab 0.093 abcd  9.993 abc  109.66 ab
G9 1976.3 abc 33183 ecdf 16483 b 3505 ab 0.095 abcd 10.275 abc  116.87 a
G10 1954.2  abcd 33.6 abcd 1773 ab 2553 d 0.063 d 6.957 e 112.07 ab
Gl1 1989 a 33.383 abcdef 1805 ab 3185 abcd 0.083 abcd 8.81 bcde  106.5 ab
G12 1960.8 abcd  34.15 ab 18567 ab 262 cd 0.067 cd 7.248 de 114.16 ab
G13 1948.2 bcd 33.783  abcd 199 ab  3.975 a 0.115 a 10.188  abc 91.47 b
Gl4 1973 abc 33917 abcd 19533 ab 3595 ab 0.095 abcd 8.75 bcde  97.83 ab
G15 1985.5 ab 33.333 abcdef 171.83 ab 3535 ab 0.1 ab 10.672 ab 110.08 ab
G16 1968.8  abc  34.067 abc 166.33 b 3162 bcd 0.082  bcd 8.932  bcde 109.26 ab
G17 19733  abc 339 abcd 2025 a  3.967 ab 0.105 ab 9.282 abcd  93.04 b
G18 1976.3 abc  34.167 a 195 ab  3.442 ab 0.085 abcd 8.157 cde 101.1 ab
G19 1945.8 cd 33917 abcd 18283 ab 3502 ab 0.09  abcd 9.27 abcd  103.96 ab
G20 1967.3 abc  33.633  abcd 165 b 324 abcd 0.082 bed 9.507 abcd 118.66 a

Als ls pe Sglas s )0 O a0 il pug By sl sl Sikeo
Means with dissimilar letters are significantly different at the 5% level.
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e Giliseo (caisi] 53 8 ,Sles g skt b b o Olio (1l g lio -F Jgur aclol
Table 4. Comparison of mean traits related to photosynthesis and yield in different lentil genotypes

o Shdsie culun ol &z o1)l8 oL £l aloVee 39 o o Slas
g sl (466 32 zy0 50 1 CO2 Jgo hoo) (T Jgo 52 CO2 Jgo3,50) (o i) (5 AU ol (LS 55 0 )5 9lS)
Genotype  Mesophilic conductivity ~ Water use efficiency Plant height (cm) 100-Seed weight ~ Number of pods Yield
(mmol CO2/m?s) (umol CO/mol H,0) (gr) (Kg/h)
Gl 0.0587 abcd 2.986 ab 22.3 ab 5.275 i 8.333 d 385.53  bcde
G2 0.0527 abcdef 3.023 a 21.9 abc 5.632 gh 8.933 abcd 350.4 cdef
G3 0.0492 bedef 2.808 abcd 20.8 ed 5.722 [s} 8.233 d 298.92 ef
G4 0.0555 abcdef 2.825 abcd 21.067 cde 5.965 f 9.567 abc 383.25  bcde
G5 0.0665 a 3.106 a 22.467 a 6.773 a 10.1 a 464.45 ab
G6 0.0547 abcdef 2.844 abcd 20.7 ed 6.047 ef 9.167 abcd  367.66  cdef
G7 0.0582 abcd 2.909 abc 21.933 abc 6.822 a 9.3 abcd  428.89 abc
G8 0.0573 abcde 2.928 abc 20.6 ed 6.4 c 8.833 bed 419.62  abcd
G9 0.0637 ab 3.124 a 20.633 ed 6.005 f 8.667 cd 336.1 def
G10 0.0417 ef 2.759 abcd 21.2 cde 4.707 j 9.567 abc 438.18 abc
Gl1 0.0523 abcdef 2.811 abcd 204 ed 4.765 j 10.033 ab 463.23 ab
G12 0.0395 f 2.752 abcd 20.267 e 4.653 j 9.267 abcd  394.87  bcd
G13 0.0527 abcdef 2.554 bed 20.8 ed 6.185 de 8.967 abcd  493.89 a
Gl14 0.0492 bcdef 2.487 cd 20.5 ed 6.265 cd 9 abcd  377.97  bcde
G15 0.0615 abc 3.016 ab 20.233 e 6.608 b 8.967 abcd  408.04  abcd
G16 0.0547 abcdef 2.829 abcd 213 bed 4.432 k 8.933 abcd  374.28  bcde
G17 0.047 cdef 2.442 d 20.8 ed 4.365 k 9.633 abc 278.13 f
G18 0.043 def 2.429 d 204 ed 477 j 9.167 abcd 38257  bcde
G19 0.0515 abcdef 2.672 abcd 20.267 e 3.84 | 9.567 abc 360.63  cdef
G20 0.06 abc 3.004 ab 20.933 cde 5.477 h 9.2 abcd  430.35 abc
510 jls e Dglis o0 O e )0 sl e By (sl sl il
Means with dissimilar letters are significantly different at the 5% level.
ous anlllao (L9} )0 (o 9 50 Glho [y 03l (Swanod il po -0 Joua
Table 5. Simple correlation coefficients between the studied traits in the studied genotypes
PAR LT SS TR SC P PWUE MC WUE PH 100SW NP Y
PAR 1
LT 0.36 1
SS -0.22 0.21 1
TR 0.03 -0.18 0.38 1
SC -0.19 -0.47* 0.34 0.93** 1
P -0.1 -0.64** -0.2 0.72** 0.84** 1
PWUE 0.18 -0.1 -0.89** -0.65** -0.61** -0.12 1
MC 0.09 -0.6** -0.59** 0.45* 0.54* 0.89** 0.27 1
WUE -0.12  -0.72**  -0.79** -0.17 0.05 0.53* 0.69** 0.74** 1
PH -0.38 -0.49* -0.23 0.06 0.24 04 0.08 0.42 0.46* 1
100Ssw  -0.02  -0.57** -0.12 0.42 0.58** 0.58** -0.06 0.62** 0.44*  0.29 1
NP 0.19 -0.02 0.16 -0.02 -0.05 -0.1 -0.16 -0.07 -0.15 0.06 -0.19 1
Y 0.1 -0.05 -0.22 -0.13 -0.06 0.08 0.15 0.21 0.17 0.16 0.32 0.38 1

**and *: Significant at 1% and 5% probability levels, respectively

aA

0o, 0 5) Jloiml mohaw 1o s gime a5 g
(Transpiration rate) TR «slas;s, ;5 CO2 (Sub stumatal COy) SS «5 ,, sles {Leaf temperature) LT «sjwgs Jué aixzs {Photosynthetic activated radiation) PAR
s sy wyd ol B, _ae T,Ls (Photosynthetic water use efficienc) PWUE :j_.gs ((Photosynthesis) P «las;,, culo» (Stomatal conductance) SC 5, =
wsla) « - 59 (100-Seed weight) 100SW L5 ¢Lss | (Plant height) PH 1 s as 1,Ls ((Water use efficiency) WUE : __Ls,3. =olae (Mesophilic conductivity) MC
JSa 50 0 Skae (Yield) Y scidle slaas (Number of pods) NP
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Table 6. Stepwise regression analysis of physiological traits on photosynthesis

Source of variation i gl

oIl azy0

Sl wo Sl
Sl po oSSl R? R Adjust

MS
Regression O3S 10.623** 098 095
Residual oasleuly 0.057
Joko 43 0ad,ylg wlie 95 ) ol po

Traites entered into the model

Regression coefficient

ol gy Constsnt

slase, coloa

sljs, 25 CO2

Stomatal conductance
Sub stumatal CO,

11.121**+3.894
83.858**+4.414
-0.052**+0.005

a2 0 gan;e ) Jlisl mshaw )0l e a5 g g
**and *: Significant at 1% and 5% probability levels, respectively

o=l 5o aS o el 8 1y Cg e lalS glesl adgs gl
50 Wlg oo Slao o sadosalin S5 95 §abod
59025 S8 o8 Ol el S Glagassy Sl
Slao 35y yelateds ol slaaal p yo oyl 51 olg5 oo
asllas 050 slacaig) G yo 0,5 colatul solaidl e
= 45 033 (£)j Fp Sleogar b (55 GO g
Sys— i o8 Olse dn (Brme (Gl (g g Wl

25 I8 e b))

& S Ao
2 ol 058 15 4 ol slagaly on et 5l (S
blsjlanazrg by col sumgd o Shy sets SL
Ol o olS 0 Sdes sli2l g 3 Shos L jwgid puiitns
S QR Jeie pB)] (1055 jslaiedy Slogas
Cho 98 Jemame ) jo aS sl il mls el (59,0
St 008 e slass 125 CO2 5 slass,y calon
ObalS ol (sl (S5 g9 Bl (o0 Fgid (e

Sy il caigis SYL £435 5 0090 piee Hloms (215
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Inroduction

Considering the development of cultivation and production of legumes and the importance of genetic
studies in plant breeding, identifying the genetic potential of these plants is very important. Knowledge of
genetic diversity and relationships between genotypes is important for understanding available genetic
variability and the potential to use it in breeding programs. According to previous studies on lentils, it was
found that improving the yield potential per unit area can be one of the important criteria for increasing the
production of this plant. Increasing the yield per unit area is possible mainly by modifying and creating high-
yielding cultivars, improving the characteristics and increasing the quantitative and qualitative potentials.
Breeders and plant physiologists believe that in order to be more productive in improving compatible
cultivars in areas with limited water resources, recognizing the agronomic traits affecting grain yield under
stress conditions will be of great importance; Therefore, indirect selection based on physiological traits has
been proposed as a complement to the selection of cultivars with high yield potential. Considering the
different reactions of photosynthetic indices under stress conditions, it is important to know the genotypic
diversity of photosynthetic indices under culture conditions and their relationship with grain yield. Despite
numerous studies on the role of physiological traits in drought tolerance in crops, recent studies on lentils,
especially in Iran, are limited. This study was designed and carried out with the aim of determining
genotypes with desirable physiological and yield traits and the relationship between these traits and
photosynthesis under rainfed conditions.

Materials & Methods

In order to study the photosynthetic and yield parameters of lentil plant in rainfed conditions, selected
advanced lentil lines with control cultivars were studied in a randomized complete block design with 3
replications in Khodabandeh dryland research station in Zanjan Province in two cropping seasons 2018 to
2020. Physiological traits included photosynthesis per unit leaf area, stomatal conductance, transpiration rate,
photosynthetic activated radiation, sub stumatal CO,, leaf temperature, photosynthetic water use efficiency,
mesophilic conductivity and water use efficiency. Plant height, 100-seed weight, number of pods and yield
(kg/ha) were also measured for each genotype in each plot. Analysis of variance and comparison of means
were performed using Duncan's test at 5% probability level. Finally, correlation analysis and stepwise
regression analysis were performed with the variables of photosynthesis rate and total yield.

Results & Discussion
The results showed that there was a significant difference in photosynthetic active radiation, leaf
temperature, photosynthetic water use efficiency, mesophilic conductivity, water use efficiency, 100-grain
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weight and yield between two years of experiment. The studied genotypes showed significant differences in
leaf temperature, photosynthesis, plant height, 100-seed weight and yield, which indicated the high genetic
diversity of these genotypes in terms of these traits. The interaction effect of genotype per year was not
significant in all studied traits, which shows that the trend of changes in these traits between genotypes
during the two years was the same. Among the studied genotypes, G5 genotype is a genotype with superior
agronomic characteristics that can be recommended as a cultivar with high yield potential. Photosynthesis
rate showed a significant negative correlation with leaf temperature and significant positive correlation with
transpiration rate, stomatal conductance, mesophilic conductivity, water use efficiency and 100-grain weight.
100-seed weight showed a significant negative correlation with leaf temperature and a significant positive
correlation with stomatal conductance, photosynthesis, mesophilic conductivity and water use efficiency.
These results show that drought and lack of water in the soil have the greatest effect on reducing
photosynthesis and plant yield at different phenological stages (seedling, flowering and podding) of the
plant. Finally, regression analysis showed that stomatal conductance and sub stumatal CO; explained the
changes in photosynthesis.

Conclusion

The results showed that for lentils, two traits of stomatal conductance and sub stumatal CO;
concentration may explain the changes in photosynthesis. Genetic diversity is very important for crop
breeding and higher diversity of genotypes provides a better chance of producing a variety of desirable
cultivars. The observed genetic diversity in traits can help select superior genotypes based on phenotypic
expression and can be used in breeding programs to improve economically important traits. Finally, among
the studied genotypes, G5 genotype was found to be a genotype with superior agronomic characteristics that
could be recommended to the farmers to improve lentil yield.

Keywords: Mesophilic conduction: Photosynthesis: Regression analysis: Stomatal conductance:
Transpiration
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o=l plesl 5 el 90 52 10 05 o0 jglore axlad o
slodile co e b g ol & jgoas o) dankad 90 2 yialej]
Amaranthus retroflexus L. sl gladluss S 5o 550
Ay ad Jgb 40 .0i0g oo la, Chenopodium album
mosliSaale 455z 5l Jlo 90 0 10 5 ely; olS 50,2
5 (D)5 b ye (59 Jlod 1 5e8) (aloond 955 5 A
s=<ly; olS 50 o 0l Jad Job o ool s eolaxul u‘ﬂ
oS 5l olal g plate 5 (555 Sjgots Jlo 93 2 50 4

\ .

o (b (law GiS g 0yg) Djgm0d (g 55 095

s Jlasl &,3Vs al> 0 10 555 00 Sloy alold b g al> e
5l w39y Voo sladele )3 .(Sangoi et al., 2007)
Cld (s a0 0 g A B SS oy g clils
33 9 0LS 90 ,o olp Giolesl cpl 5o colaiwl 8590 Hedu ys S
Bl 5 5,5l (el g Slinhod 55 5 5l Jlus 50 0
99 ,» hadle> do e ol Ay Jws )l sl b
slal jo lbars g duoyd WA (YU (Jlu 90 2 40 ¢ Jgame
aS wad el Jlo 90 2 50 5 Jpame 55 50 (il al> e
D J S S 9uddS bawgs (oanb O jgon il Cones
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Table 2. Ardabil meteorological data during the study period

wldlgs gloyqisl JL ! o109 sl sls > 5 318 5o 292305 g
Meteorology data Year March April May June July August September  October
Was-ay Jlo
Year (2018)
Grogghen) alale () ggoce
Monthly rain (mm) 26.5 9.3 60.3 28.2 3.9 0.9 7.3 9.0
(15 5l Slas slos (Sl
Mean max. temp. () 12.4 15.7 18.6 235 29.2 25.8 24.6 20.1
(«)l)féjLJ) Jslas sles wi;LA
Mean min. temp. () 15 2.3 5.9 10.0 13.7 14.9 10.5 8.1
(grore Jo35e) (8l y> Sladinis
Radiation received (MJm™) 157.5 170.9 196.3 248.6 344.2 255.6 282.1 1934
(1) s Sy
Relative humidity (%) 73 66 71 71 60 69 68 76
IWAV-aA Jlo
Year (2019)
Grogheo) alale () ggoore
Monthly rain (mm) 25.9 40 29.5 13 0.1 0 18.8 53.3
G5 5l Slas slos (Sl
Mean max. temp. () 9.5 13.4 19.8 25.7 25.7 26.7 22.5 23.0
(Ql;&;.;Ld) Jolas sles wi;l.a
Mean min. temp. () -1.3 2.6 5.0 9.5 11.8 12.6 10.2 7.8
(grorey Jo3e) (8l s Sladinis
Radiation received (MJm™) 173.6 163 258.1 287.7 336 314.1 213.2 240.6
(1) s Sy
Relative humidity (%) 71 73 63 58 62 61 71 66

Lesl 039 5 00t Iz (5,3 diges 5l Bolal &)50a; Sis
Al g Soslasl (6,8 /) cdo L) Jlezuws 595l 5 lawgs
LS (2loa lagisn U5 «Sojglsm o Shes 65 0jluil sl
Ol 3l e g il Sis el FA o 4y a0 #0 (gl jo
e Lail 035 (5 <101 2Bo b) Jluzms (553l g
A golaisl o, Slae puundi 3 Clld @ ll ags S
o] Cewdds Qo H00 1o S5l gw o ,Slee

alul, jloslinal b 55 5 pecile i (59 hals o)
(Somani, 1992) w5 acwle )
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pae L aigy 1515 2alS b as wis S saline iulejl jo
8l ymals ol cpl o dwilo o Slae jpslacale S

Ss =

\ .
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Table 3. Results of combined analysis of variance on some faba bean traits in different densities

Ol s 2lio @Ol azy0 Al 8 Slos 4518Y++ 39 S 5elgm S yShos Cold y a L
Source of variance df Grainyield 100 grain weight Biological yield Harvest index
Bartlett s L 1 0.05™ 1.4 0.8™ 0.1
Year Jl. 1 7262.8™ 2.3 0.00™ 0.006™
YearxReplication | Ssx Jlo 4 1344.4™ 217 0.05™ 0.0004™
Faba bean density YL 454 o515 3 51185.6™ 385.4" 0.4 0.004™
YearxFaba bean density S50 ST, Lo 3 39.5™ 0.02" 0.009™ 0.0001"™
Error Uss 12 1068.8 85.5 0.02 0.0003
C.V (%) &l s g o _ 11.2 11.7 14.5 6.7

5% NS

o) 5 a0 O Jlsl mhaw jo s sixe o Sre S S92 pas (i 5 4y
** *and ": Significantly difference at p< 0.01 and p< 0.05 and not significant respectively

ymanil e o o Ve L Ve o Wil o ol (S, ailoery3g
e oS5 alS ialesl ol o edelcassay zls ol HLas (F Jga) oS e il yly 355 5l Jol> s
Ol b oy oo laiay .l DBl o wloY e v 5s el cely g oML asgs slanST, s o (5,10 sxe Dol aS sls
319 a8l Sgps o oGmga ol molie 3l eolatul gy oST1y5 = Oeizeed 310 8gg Ao e v y5g 1 do 0 iy L]
bl el axs (o g eaale S e gmelS 5 b MWL wigs Fr 1ST5 «(F Jouz) Kl Sluslin pli wlul
adl oli8l ol o i oole pasdi g yiiwsid «(glaigS yu S (632,00 YO iol38l a5 ogs dilo) + 59 o yidon o
elaS bals 4 (g yiwsid slge 3l (6 iy g Aol )0 g 393 3l (asloN + v 59 1y eSSl Jlend) 4 YO oST5 4
el 428l A i aS canl o Slae gl 5 (S (S ol ol plas

@)@gbwaﬁgsa)bo)ﬂwa%ﬁ Gil}...;

0395 Job ,0 oSt Ll b 4z b o lie Lol el oo

MWl sl SS9 52 2 s STy 51 (Sl aunlio -F Jguor
Table 4. mean comparisons of plant densities effect on some faba bean traits

(&30 yio 53) SBL &gy o515 (@230 550 33 p,5) aild 5,Slos (,5) 413Ve+ 339 (@330 350 39 035 6luS) S olgus o ySChos Cuils Sl

Faba(ggsrrlnc_izgnsity Grain yield (g m?) 100 grain weight (g) Biolc(;ggcil]gl)ield Harvest index (%)
25 193.4+15.7 b 67.7x1d 0.8+0.09 b 0.25£0.007 ¢
35 233.5x109¢c 78.7x4.6 C 0.9+0.06 b 0.27+0.01b
40 364.8£185b 84.9+29a 1.2+0.05a 0.3+0.01a
80 376.5%12 a 84.4+28b 1.3+0.04 a 0.29£0.01 ab

355 80y iy Jlaio gl 50 (531 (1503 L (5l e gl S e By gl (gl SKiles igies 52 50
Similar letter in each column indicate no significant difference at 5% probability level using Duncan's multiple range test.

oS Gl b oS sy e S0 Gtalol cnl ) ol s S 399gm 0 Slos
oIl s s resledide [0S vg e g mhaw wly )0 ws: slo Gt (7 Jguzr) laosls 8 yo (uily)lg 4525 gl

Bl (0930 (59 5 S jglam 0 Shee cails o Sles b 50 O Soislsn 0y Slos 2 ML Wiy slagSTs Sl oS

Salidlas ube S ol cisle;l o Maleki et al, (2013) =y g (6510 e LS (6l wo o S Jleis]

fecly jmcile 08 LS Gralidl gk 5l ass: o515 g At slapSls as ab et (nSlee Slaslie i

b i 50 Sojelem o Shes Sl &y )3 Sglem ) Shee (n yiien sl ML, ¥
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F ez aazg by o3 18 ae e S Jlesl wlan
Rl el YLy 5 g o515 (al3) a5 99 o ala>dle
Ot 45 6 5ba il adile Sis 5y el we o
Gpfe g A oS15 5l smdle St (59 el we s Ol
ssnliie (S pae) wald Jlasi )0 ol Glie (i yeS 5 ML
Lo B, 459 YO 4 YO slo,lows il jloos 31 o 0
galS e oy jpedale SB35 SRl W )d (n yieS
Skl s plos e 1, L by slanSTs )3 (S ol
5ol s e (o wlie 4 50 lacile YL o s
30 50 sladale oy o8l cely oS ols cond ol olge
(Anafjeh et al., 2009) 55 o Wby 55yl slaeS!ys

Sladale &y

@y dbgle St g 5 0, Klos

S Ay S 03 S e obly @l Al
S 8 e i Sl g 3 3Bl 45 T il
ot 45 ol L 5 eSilee Slanlio gl (Y Jpuz)
LS O s LBl i A a5l absle 5 SLas
MWLy S pace Lo 4 Cond 45 del Cawsddy @ y0 50 0
bl Heioren () JSD) ol lis 095 5l sae 0 VP ilial
535 3 L iy 51,55 M 515 ol s 5 o sy
Cigle S 5 Koty s o JLotol a5 (i
adgle i o Slos (Sl dslin (Y Jgo) 0l o sine
Sl 539 Oy 45 0l Ll 0 alise slo Lo o
JESa 3 58 p 5ok Yo S0l 3y ¥ L 5 aigle
A Cod &5 ol sty moye i )0 2,56l S VIV S5k b
ORI (05955 995 0,5 paetdil cuiS pac) vals Lo
50 Sl ook adgi g 0 Shes (Y JSK0) clls (gus,01 00
53 (2o 5l el (las (5955 SgeS 4 Sl 4 50
S5l el wlye el slanls )3 Sl 555
.(Boddey et al., 2010) 54— y59,5m 4 Gl oo iws
A Gl ol 5o saeliewsd @bl 4 azg b ol plo
5 ML jlesliiul 5 (59,505 095 (Al 3 )5 45w (o
Oeizmed g (g 2dz g (o twd Gl 8l Sl ool
ey 45 oS 5, ] sl e 5 i ol TS el
3 3ge Sz o Shes 500l 5l st VL (5955 @i
28l a3l e les ()l

Y.

WSy plas ols plas bosls S o il g 45520 s

SO Jleisl mhaw o ol acsls y asle ML g sla
Sllie mls () p L (V) Jga2) 35 )10 me 20y
SlopST5 51 bl s ey 45 e Sl
Wi YO oSToas cawsaS o el cewo asaig T g A
(F Joaz) aoiols lis 095 jlacs 0 V8-V e o i3l
L oS wis S samlie 045 ialel ,o Maleki et al, (2013)
ey el jecladle J S pas g S o515 a8
LS 5 glisT ol Lol T il palS e 4o
33,5 ol ol Gl le 1) (el ol ST 50 008 gl rlans

2L STy P Alwgd o o (il ylg 1 32xd @l -0 Jour
Jpaade SUUS (39 pwalS o0
Table 5. Results of combined analysis of variance the

effect of faba bean density on reduction percentage in
dry weight of weeds

Ol s’ 29bo axy® Jypdide Sis (39 Gl wo e
Source of &ol3T Reduction percentage in dry
variance df weight of weeds

Bartlett «us L 0.6™

Year JL. 1 91.2"
)‘ISJXJ-L“ ) 20.8"
YearxReplication
b S5 5L 5817.6™
Faba bean density
YearxFaba bean 25.1™
density
Errort.s 16 31.8
N
(1) Sl ysS oy 10.6

C.V (%) —

Y

oy ) gan; 0 ol mdaw 5o s sixe o sre OS] 3925 pas oS 4y
** *and ": Significantly difference at p< 0.01 and p< 0.05 and not
significant respectively

Bl ho)d g g eSS (Sl duulio -7 Jgur
Jyaade SUS ()9
Table 6. mean comparisons of plant densities effect on
weed control efficiency

ML &gy o515 Sl 039 Gl we,o
(&350 52) jppdile
Faba bean density Reduction percentage in
(per m?) dry weight of weeds
Oc

25 57.1+12b
35 58.6£29b
40 74.1+2.4 a
80 7733 a

Jlza o 50 5Sils (9031 b (g0 sire glis S e gy gl slo Sl (y5tw 2 40
R Ry
Similar letter in each column indicate no significant difference at 5%
probability level using Duncan's multiple range test.
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Table 7. Results of combined analysis of variance on some traits of forage corn at faba bean plant densities and
N fertilizer rate

ax e . R S o Slos )
Ol i 2lio S adgle i o Slos ke RTT RS
Source of variance G Fresh forage yield . Protein yield
df Dry forage yeid
Bartlett <5l 1 1.8™ 4.5™ 17
Year JLo 1 0.5m™ 0.2 84.2"™
A 4 0.2 0.005"™ 4.0
YearxReplication
HBlesly 4 54" 0.7 2777
Faba bean density
JLadll (J 15 _ 4 0.6" 0.04" 1.4
Yearxfaba density density
e 3 0.2 11" 163.7"
N fertilizer
0395 055><-J-L.) 3 4.4 0.01™ 3.4
YearxN fertilizer
s 3550 gy o5 12 2.1 03" 195
Faba bean densityxN fertilizer
UL f"SlJ‘TXL))5)"‘"‘ °5S.X-JL'“ 12 1.2 0.01" 1.70
Faba bean density xN fertilizerxYear
L= 76 04 0.05 7.0
Erorr
s o CV (%) . 11.8 19.1 19.2

oy ) g om0 Jlisl mlaw jo ls e o iae S 525 pae b i 4 FHFIENS

** *and ": Significantly difference at p< 0.01 and p< 0.05 and not significant respectively

Al A2 A3 Ad A5

ladgle W)yd dig 5 ()59 3 MBL Aigy o515 FI-V S
Fig. 1. The effect of faba bean density on fresh forage yield of corn

Fresh forageyield {kg m-?)

O = N W s U0 N

A:: non-cultivation of faba bean oL cuis puc)
A, density of 25 plants of faba bean oL <, Yo 515
A,: density of 35 plants of faba bean L <5 ¥8 51
A,: density of 40 plants of faba bean oL <5, F+ 51
A,: density of 80 plants of faba bean oL <5 A+ 51

ARR
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Fig. 2. Interaction effects of faba bean density and N fertilizer on dry forage yield of forage corn
A:: non-cultivation of faba bean oL cuis pac)
A, density of 25 plants of faba bean oL <5, Yo 51,
A3: density of 35 plants of faba bean (L a5 Y0 o51,)
A4: density of 40 plants of faba bean (L w5 £+ o515
As: density of 80 plants of faba bean (L a4 A+ o515)

-1 -1
Bl: OkgNha (LS )5 559, p5kS oo 82: 100 kg N'ha (e 1 o595 0,5 kS Ve o)

-1 -1
B, 200 kg N ha (usa ;o 59,5 ¢ Soks ¥+ +), B, 1300 kg N ha - (lisia o 35550 p,55hS ¥+ )

039548 8900 215
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Fig. 3. Interaction effects of faba bean density and N fertilizer on protein yield (g m?) of forage corn
A non-cultivation of faba bean (L S pac)

A, density of 25 plants of faba bean oL <5, Yo 51,
A, density of 35 plants of faba bean (&L w5, Y0 51,5
A4: density of 40 plants of faba bean (L w5, £+ o515
As: density of 80 plants of faba bean L a4 A+ o515)

-1 -1
Bl: OkgNha (LS )5 559, 0 5skS oo Bz: 100 kg N'ha (e 1 o595 0,5 kS Ve o)

-1 -1
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Introduction

Nitrogen fertilizers are commonly used to increase economic performance in corn production. However,
it should be noted that nitrogen added to the soil in crop ecosystems is not fully available to the plant and
may be leached. In this context, many studies have investigated various crop production methods to improve
soil health and reduce soil nitrogen losses. Crop rotation and no-till may be an appropriate method to
improve soil health and increase soil organic carbon and total nitrogen. In this experiment, it was assumed
that growing faba beans in rotation with forage corn and applying sustainable agriculture can greatly reduce
the need for nitrogen fertilizer in corn and increase nitrogen use efficiency compared to monoculture corn.
The objective of this experiment was to determine the appropriate plant density of faba bean and its effect on
crop rotation with forage corn, and to evaluate the nitrogen fertilization efficiency of corn.

Materials and Methods

A two-year experiment was conducted in 2018-2019 as a factorial experiment based on a randomized
complete block design with three replicates at the research farm of the Faculty of Agriculture and Natural
Resources, university of Mohaghegh Ardabili, Ardabil, Iran. The experimental treatments were different plant
densities of faba bean (25, 35, 40 and 80 plants m?) and different nitrogen (N) fertilizer rates (0, 100, 200 and
300 kg ha) in forage corn. Shadan cultivar of faba bean was planted in this experiment and it was harvested
manually at the physiological maturity stage. The corn variety was the single cross hybrid 201, which was
planted at the density of 80000 plants ha? in the residue rows of faba bean. Nitrogen fertilizer (as urea) was
applied three times at the Vs stage of corn. Three corn plants were harvested at the milk stage and then oven
dried at 70 °C for 72 h and weighed. Traits studied in this experiment were include grain yield, 100-grain
weight, harvest index, biological yield and weed control efficiency in faba bean and fresh and dry forage yield,
protein yield, nitrogen recovery efficiency, nitrogen agronomic efficiency and nitrogen productivity in forage
corn. Statistical analysis of data was performed using SAS 9.4 software, and significant differences between
treatment means were tested using the Duncan's Multiple Range Test at P < 0.05.
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Results and Discussion
Faba bean

The highest grain yield was obtained at plant density of 80 plants.m, 100-grain weight, and HI were
observed at plant densities 40 plant.m? and the densities of 80 and 40 plants had the highest Reduction
percentage in dry weight of weeds and biological yield. It seems that an increase in plant density, especially
at the beginning of the growing season, results in complete coverage of the soil with plants and reduces the
competitive ability of weeds. In addition, with higher plant density, solar radiation on the plant canopy
increases, so less light is available for weeds and the germination rate of weed seeds decreases. The result of
cultivation shows higher competitive power and the results were obtained.
Corn

Our results showed that using faba bean in rotation with forage corn can reduce the need for nitrogen
fertilizer. The results of the mean comparisons showed that the highest dry forage yield of corn was obtained
at the density of 40 faba bean plants+200 kg N ha?, representing an increase of 155% compared to the
control treatment. Corn yield is very sensitive to nitrogen deficiency. On the other hand, using of legumes in
crop rotations can improve crop access to nitrogen. Addition, the highest protein yield was observed at the
density of 40 faba bean plants+200 kg N ha* and 35 faba bean plants+200 kg N ha. Density of 40 faba bean
plants+no application of N fertilizer had the highest nitrogen recovery efficiency and nitrogen agronomic
efficiency. Thus, it can be concluded that the combined application of nitrogen fertilizer and the use of faba
bean in the crop rotation increases the availability and uptake of nitrogen and also increases the efficiency of
this element at a stage of plant growth when nitrogen uptake is high. Therefore, the corn yield was higher in
these treatments

Conclusion

In this experiment, the effects of plant density of faba bean on the yield of this crop and the effects of
crop rotation on nitrogen yield and efficiency of forage corn were studied. The results showed that the
highest grain yield, 100-grain weight, biological yield, and bean harvest index were obtained at plant
densities 40 and 80 plant. The results also showed that the density of 40 bean plants+200 kg N ha* had the
highest increase in dry forage yield of corn compared to the control. It can be concluded that the density of
40 faba bean plants+200 kg N ha* in forage corn under similar climatic conditions may be a suitable method
to reduce the use of chemical N fertilizer.

Keywords: Legumes; N agronomic efficiency: N productivity: Rotation
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Table 4. Mean comparisons and regration equations d of faba bean density effects on its traits

Faba bean density (per m?) (a0 yio y0) 45 o515

. _ S
olhe Oy S ) ddslro .
Traits 25 35 40 80 Reg. Eq. o
(R%)
. & = 2 -
(gymrie 5o p5) il o,85hoe 1034+10.9° 2335+108° 3648+185>  3765:128 Y = 0-1546xD°+19.836xD 0.830
Grain yield (g m?) 219.94
(55 ddyy 5o 0,5 Sl =0.0033xD? -
Number of root nodule 43.242.62 41.742.52 35.5+1.8P 27.2+1.8° 0}./6544><D+58.124 0.941
(per plant)
(p,5) 43,2 ;0 oo 5 Sid (59 = 0.00002%D?2 -
Dry weight of root nodule per 0.23:0.01*%  0.21+0.01*  0.19:0.01°  0.14+0.01° 3’ 0039XD+0.3154 0.991
plant (g)
. & - Al .. — 2 _
(rore 2 09) 450, S22 05 grgiagac g5254354°  870+34b  10994g1e Y T 0-2019XD% 31.449xD 0.943
Root dry weight (g m?) 123.25
(ol 4 glas)| c be b a y=-
Pt height (om) 67.5+1.6 70+2.1 74.8+1.9 81+2.2 0.0045xD?+0.7283X D+51 67 0.959
Jedsls als c be b a y=-
Chlorophyll index 30.6+0.9 31.7+¢1.1 32.7+1.1 35.8+1.3 0.0009XD%+0.1938XD+26.28 0.994
.6£103. = 2 -
Bk 4z 99361038 1)) 4s6a7> 1565145160 16768taa1a Y= 0-488XD*62.57xD 0.832
Fertility rate 329.15
W5 (o8 iy Jleix] mha 18) ()lo e Diglas o(SSls O?A}i bl oS i gy slls sl Sls g 5 50
Similar letter in each column indicate no significant difference at 5% probability level using Duncan's multiple range test.
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Table 5. Results of combined analysis of variance on some traits of forage corn at faba bean plant densities and
N fertilizer

oy | ShESlee P S 2 ol el il y asls
i . & .
O gt 2o Source of variance o7 aSgle » add ey
3] Number of :
Dry forage Plant Protein harvest
df - leaves per ) .
yeid height index
plant
Jw Year 1 0.2 0.008" 40.8™ 11.7m
SSox s YearxReplication 4 0.005"™ 1.1m 11.6™ 3.7
ML 1515 Faba bean density 4 0.7" 3.9™ 50.7" 142.5™
JLodL (51,5 Yearxfaba density density 4 0.04"™ 0.008™ 0.02™ 2.8™
0595 995 N fertilizer 3 11" 11.8™ 104.3" 71.0m
039 355% Jlw YearxN fertilizer 3 0.01™ 0.008™ 0.3™ 3.4™
03958 295 ML gy (o515 Faba bean density xN fertilizer 12 0.3™ 2.2 21.8™ 2.6
SB STy st a5k Jla apabean di”@';;’r"“ fertilizer 0.01™ 0.008™ 0.3® 0.9™
Uas Erorr 76 0.05 1.2 19.2 4.5
Ol st o C.V (%) . 19.1 11.2 10.5 17.7
bl Bartlett 1 4.5m 0.062" 0.653" 0.497"
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** *and " Significantly difference at p< 0.01 and p< 0.05 and not significant respectively
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Table 7. Results of combined analysis of variance on some traits of forage corn at faba bean plant densities and
N fertilizer

sl wix oI, S5l b 2T
axye ke s R
O s golie Source of variance olsT ChTL:és;J: ) NLi,t)rj)g N&i’t)rs;;:n
df i%r(;)g( y up’gake phys_io_logical
efficiency efficiency
Jbs Year 1 22.5™ 575.5™ 0.1
SSox Jles YearxReplication 4 33.6™ 310.3™ 0.1m
M oS5 Faba bean density 4 283.4™ 5476.2™ 0.04"
JLodBL (515 Yearxfaba density density 4 1.8™ 47 .4 0.02"
595 885 N fertilizer 3 735.5™ 20264.5™ 0.3™
Oiares 995x Jlu YearxN fertilizer 3 0.3™ 168.3™ 0.01™
59y 39l g oS5 Faba bean densityxN fertilizer 12 22417 7145.4™ 0.1
Bl 1S 5x 5 8 995x JLus Faba bean densityxN fertilizer xYear 12 0.7 49.2" 0.01"
s Erorr 76 150.7 179.1 0.02
Syt po C.V (%) - 7.4 14.9 33.8
s Bartlett 1 0.481™ 0.063™ 7.635™

oy ) 5 a0 Jlisl mh 55 Iy cee gl e BB 529 pae o5 5 470
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** *and " Significantly difference at p< 0.01 and p< 0.05 and not significant respectively
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Introduction

Some studies have reported that application of chemical fertilizers, especially nitrogen, is one of the
most appropriate methods to increase crop production and maintain food security in the world. However, it
should also be noted that the improper use of nitrogen fertilizers can disrupt natural ecosystems. Alternative
methods can be used to prevent this, such as the use of plants with biological nitrogen fixation (e.g.,
legumes). Faba bean is one of the most important varieties of this family (Fabaceae) and contains 24-30%
protein and 51-68% carbohydrates. This plant is one of the most important spices of the genus (Vicia) and
has a high yield compared to other legumes. Due to its environmental, economic and agroecological
performance, faba bean can improve the sustainability of agricultural ecosystems. Corn (Zea mays L.) is one
of the most important annual cereals. However, maize cultivation is not economical because it requires
nitrogen fertilizer, and improper use of nitrogen also increases ecosystem instability. Incorporating legumes
into cropping systems is critical for sustainable management of agricultural systems and reducing nitrogen
fertilizer requirements for corn production.

Materials and Methods

A two-year experiment was conducted in 2018-2019 as a factorial experiment based on a randomized
complete block design with three replications at the research farm of the Faculty of Agriculture and Natural
Resources, university of Mohaghegh Ardabili, Ardabil, Iran. The experimental treatments were different
plant densities of faba bean (25, 35, 40 and 80 plants m?) and different nitrogen fertilizer rates (0, 100, 200
and 300 kg hal) of forage corn. In this experiment, the faba bean variety Shadan was planted and manually
harvested at the physiological maturity stage. The corn variety was a single cross hybrid 201, which was
planted at a density of 80000 plants ha in the rows with faba bean residues. At the Vs stage of corn, N
fertilizer (as urea) was applied in 3 stages. Three corn plants were harvested at the milk stage and then oven
dried at 70°C for 72 h and weighed. Traits studied in this experiment included chlorophyll index, plant
height, root nodule dry weight, root dry weight, number of root nodules, and grain yield in faba bean, and
chlorophyll index, protein harvest index, plant height, number of leaves per plant, physiological nitrogen
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efficiency, nitrogen uptake efficiency, and dry matter yield in forage corn. Statistical analysis of data was
performed using SAS 9.4 software, and significant differences between treatment means were tested using
the Duncan's Multiple Range Test at P< 0.05.

Results and Discussion
Faba bean

The highest grain yield (g m2), plant height (cm) and chlorophyll index of faba bean were obtained at
the density of 80 plant m2. At the densities of 25 and 35 plants m, the number of root nodules and the dry
weight of root nodules (g) were the highest. As plant density increased, root dry weight (g m?) also
increased, so that the density of 80 plants m had the highest root dry weight per m2. The highest fertility
rate was observed at the densities of 80 and 40 plants m2.
Corn

Our results showed that the interaction between faba bean density and N fertilizer had effects on plant
height, chlorophyll index, protein harvest index, physiological nitrogen efficiency, nitrogen uptake
efficiency, and dry forage yield. The results of the mean comparisons showed that the highest dry forage
yield was obtained at the density of 40 faba bean plants+200 kg N ha* an increase of 155% over the control
treatment. The highest number of leaves was observed in the treatments at the density of 40 faba bean
plants+100 kg N ha, at the density of 40 faba bean plants+200 kg N ha™ and at the density of 35 faba bean
plants+200 kg N hal. The density of 40 plant of faba bean+100 kg N ha* and the density of 40 plant of faba
bean+200 kg N ha* had the highest plant height. The highest chlorophyll index was obtained at the the
density of 40 faba bean plants+200 kg N ha. Finally, the results showed that employment of faba bean in
rotation and non-application of nitrogen fertilizer increased nitrogen uptake efficiency of forage corn.

Conclusion

Comparison of the different treatments showed that the density of 40 plants of faba bean and 200 kg N
ha was superior in most of the evaluated traits. Overall, the results suggest that the use of faba bean in crop
rotation is an appropriate approach to reduce the use of chemical fertilizers in agricultural systems,
according to the results, the use of the density of 40 plants of faba bean and 200 kg N ha? were
recommended under the same weather conditions.

Keywords: Chemical fertilizer: Legumes: Nitrogen uptake efficiency: No-till system
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Table 1. Source of variation (mean square) studied traits of deci chickpea genotypes in autumn sowing

et gl df A B C D E F G H J K L M N
S.0.V
Block "
S 2 1256 357" 30.0m 1.11"™  0.643™ 2331" 10285 463 90.9™  1.90" 580507 106340 908"
Genotype - " - - - - - - - - " - .
. 229 2126 707 630 80.1 5.608 21430 5477 4689 1278 151 2471457 478702 1217
S
Error
s 457 2.10 51.7 53.8 13.0 0.995 7722 3598 1638 742 4.42 2211 426 1.20
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A: Survival (%), B: Plant height, C: Plant length, D: Lowest pod height, E: Branch No., F: Pod No. Plant?, G: Filled pod, H: Biomass, J: Grain K: 100 seed weight,
L: Biological yield, M: Grain yield, N: Harvest index
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Table 2. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range
from 76 to 100%

Genotype(MCC) A B C D E F G H J K L M N
373 98 34 42 13 2 188 86 80 40 31 363 164 45
658 97 51 51 22 2 91 80 45 20 16 702 223 32
755 97 18 44 12 7 149 76 75 31 20 967 341 35
212 97 44 44 12 3 153 93 72 37 19 700 334 48

83 96 37 52 17 2 108 93 63 30 18 795 363 46
371 95 36 36 12 1 146 9 72 31 15 343 31 9
864 95 37 40 15 2 203 89 112 46 34 597 230 39
756 95 15 42 9 6 99 77 53 18 20 647 238 37
749 93 3 24 4 7 95 8 48 25 20 180 65 36
885 92 51 51 18 2 112 93 55 31 16 992 525 53
259 89 45 45 9 2 202 89 97 53 19 973 523 54
207 89 46 46 8 4 163 91 68 35 17 947 442 47
884 88 38 42 8 2 247 92 80 40 14 673 320 48
322 88 48 48 12 3 236 88 127 63 33 957 456 48
332 87 32 32 8 1 159 91 63 27 10 152 54 36
929 86 49 49 20 1 74 90 48 16 23 543 229 42
708 84 46 46 14 1 69 87 45 21 24 272 108 40
194 84 44 61 14 2 111 81 57 28 20 1045 498 48
883 83 23 47 8 3 164 88 110 44 22 37 15 40
649 83 43 43 17 2 69 90 53 18 20 348 105 30
643 82 44 44 15 4 18 78 77 37 16 362 147 41
605 81 58 58 31 4 375 84 180 81 19 1332 538 40
751 81 7 44 8 8 105 8 58 25 27 855 308 36

32 81 35 50 10 3 208 78 8 35 13 753 329 44
100 80 32 42 14 3 274 81 83 47 12 657 314 48
291 80 49 49 19 4 149 88 75 33 20 649 243 38

29 79 40 57 14 4 170 90 110 46 20 812 339 42
251 79 32 32 10 2 181 79 52 29 12 322 156 48

Saral 79 51 54 15 5 1561 81 78 32 22 956 382 40

99 79 45 45 11 2 131 79 52 19 8 583 182 31

43 78 30 60 6 2 67 78 93 8 15 597 223 37
646 78 39 44 13 2 257 85 87 47 14 588 270 46
650 77 39 39 8 2 76 74 38 18 16 628 208 33
580 77 27 50 13 2 284 92 107 59 14 663 316 48
216 77 39 39 11 3 90 95 55 32 25 55 32 58
564 77 22 49 11 3 207 88 110 47 18 342 97 28
895 76 41 47 11 2 168 96 98 51 25 467 51 11
307 76 37 37 7 2 112 86 57 29 14 522 256 49
310 76 51 58 17 4 158 93 77 38 16 792 355 45

LSD .05 2 12 12 6 17 148 13 68 31 35 24 11 0.19

(1) 5oy e G sy o Be sl F iabg o a3l slaes B (e b)) e cpdgl elas )| D (o iils) gy Jab C (o cil) aigs glis )| B (/) i A cagine 3556 y50uSl5 MCC

S gme BB LSl LSD (/) cesls p ezl :N (gayoyie 1 p,5) ails o Slos M (g yo e 33 p,5) 0355y 8 ,Shos L (p,5) alo) v 59 K (@550 40 0,5) ails J (540 40 p,5) eogicamy; H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant,
G: Filled pod (%), H: Biomass (g.plant?), J: Grain (g.plant*) K: 100 seed weight (g), L: Biological yield (g.m?), M: Grain yield (g.m), N: Harvest index (%),
LSD: Least Significant Difference
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Table 3. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range
from 51 to 75%

Genotype(MCC) A B C D E F G H J K L M _ N
104 75 33 37 9 2 258 84 112 47 15 180 74 41
607 75 30 40 14 2 158 95 85 44 18 1007 514 51
648 75 52 52 20 2 111 95 83 36 22 345 126 36
754 75 18 39 11 6 276 82 115 51 20 912 338 37
911 75 33 65 12 2 225 89 118 61 20 998 491 49
205 74 51 51 10 4 99 81 67 22 22 620 195 32
199 74 64 64 20 3 123 91 65 33 18 1053 509 48
370 74 56 56 15 2 168 93 72 32 17 400 146 36
410 74 20 51 11 2 117 87 60 24 17 215 87 40
920 73 25 25 5 1 33 70 15 9 13 10 6 60
576 73 26 54 12 2 279 86 120 62 16 642 322 50
602 72 31 55 14 4 174 85 123 39 21 720 233 32
819 72 43 66 17 2 249 93 123 54 19 675 277 41
309 72 32 56 17 5 275 85 132 57 18 740 287 39
613 71 45 65 20 2 361 92 157 82 17 927 459 50
672 70 43 52 19 3 190 92 93 37 15 755 301 40
845 70 58 58 12 3 220 95 127 46 20 690 263 38
666 69 49 49 17 2 85 86 48 21 14 647 264 41
430 69 26 40 12 3 225 83 62 32 10 313 135 43
931 68 41 41 12 3 210 89 93 45 20 553 239 43
937 68 42 42 13 2 104 88 35 18 13 35 18 51
155 68 33 48 12 4 268 78 150 60 18 430 143 33
829 67 55 55 16 2 114 88 65 26 17 500 190 38
678 67 32 43 14 1 53 84 38 14 12 192 61 32
612 67 34 34 10 1 25 92 15 7 13 5 2 46
663 67 35 64 20 3 172 85 85 37 17 747 294 39
922 66 43 46 14 1 281 73 118 54 12 758 331 44
452 66 42 42 14 2 250 91 103 49 31 328 156 48
196 66 34 46 12 4 179 88 92 42 14 330 189 57
203 66 42 42 13 3 45 88 25 13 24 652 277 43
901 65 39 39 15 2 124 84 58 31 21 923 421 46
900 65 30 51 12 2 131 83 82 39 24 633 299 47
377 65 36 46 9 2 39 72 38 10 17 135 30 23
918 65 59 59 14 3 125 78 70 31 17 1150 421 37
677 64 35 47 13 1 116 91 58 28 19 722 295 41
686 64 33 46 9 2 162 76 58 27 15 200 91 31
831 64 59 59 15 2 162 93 88 39 19 630 263 42
600 64 18 33 9 2 200 90 52 31 12 873 435 50
320 63 40 40 8 2 169 90 75 33 16 405 163 40
914 63 43 43 16 4 219 90 100 48 11 850 358 42
122 63 30 34 7 3 153 91 83 47 21 525 281 53
45 63 28 50 10 2 126 89 62 28 15 178 28 16
349 62 39 41 10 2 96 85 46 23 17 256 118 46
294 61 47 54 13 2 172 93 103 39 13 428 169 40
280 60 39 57 10 1 227 91 90 41 12 165 75 45
709 60 53 53 18 1 190 85 75 38 14 313 142 45
9% 60 34 41 8 1 90 90 53 27 41 190 90 47
870 60 38 38 12 2 137 88 76 38 18 259 121 47
195 59 56 56 20 5 125 84 42 18 7 728 265 36
246 59 40 40 7 2 70 8 38 20 27 338 163 48
629 50 36 50 19 2 137 93 82 36 18 415 142 34
121 58 32 3 8 1 134 88 52 25 15 158 78 50
752 58 8 32 9 7 108 80 45 23 22 447 197 44
41 57 35 54 8 3 272 91 162 76 17 303 136 45
386 57 39 39 8 2 130 87 79 41 23 146 76 52
265 57 31 38 11 3 144 84 70 34 22 185 84 46
148 56 42 46 10 2 241 76 92 38 13 440 208 47
567 56 44 60 14 1 116 89 72 28 18 372 148 40
428 56 41 49 14 2 191 82 95 43 19 300 123 41
930 55 42 42 12 2 93 95 53 32 22 52 262 50
40 55 46 63 15 2 223 85 95 46 16 825 370 45
39 55 38 57 11 2 187 84 83 41 15 377 174 46
179 54 25 32 10 1 68 91 30 18 14 125 68 54
405 54 56 56 16 5 127 88 80 35 18 675 271 40
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34 54 36 51 15 3 188 83 83 34 14 337 141 42
603 54 45 45 14 3 299 85 98 46 14 868 346 40
509 54 30 33 7 2 92 88 40 18 13 52 25 48
917 53 41 41 24 1 124 84 48 22 11 455 186 41
157 53 32 43 16 2 157 8 92 36 17 362 133 37
826 53 43 51 16 2 249 88 117 54 17 288 124 43
20 53 37 57 12 2 212 91 122 48 14 518 215 42
661 53 48 36 23 3 94 77 58 22 15 748 219 29
718 53 25 45 16 4 168 97 80 46 21 560 299 53
391 52 51 51 10 4 164 90 107 47 19 403 177 44
136 51 36 52 15 4 285 88 142 72 18 305 148 49
LSD(o.05) 2 12 12 6 17 148 13 68 31 35 24 11 019

(1) 53, e G sy o Be slaw F iy o a3l slaes B (e b)) e ooyl la )| D (e ile) s Jab C (2o il aigs glis )| B (/) i A cagine 3556 505l MCC

o sime s Jslas LD () cusls py (aslis N (g ye 50 58 0,5) ails 0, Shoe M (g 5050 10 0,5) 0053 cnn; 8,Shoe L o(p,5) ails) + + 59 K (55 ;8 ,5) ails J (g ;8 0,5) edgicny; H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant,
G: Filled pod (%), H: Biomass (g.plant?), J: Grain (g.plant) K: 100 seed weight (g), L: Biological yield (g.m2), M: Grain yield (g.m), N: Harvest index (%),

LSD: Least Significant Difference
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Table 4. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range
from 26 to 50%

Genotype(MCC) A B € D E F G H J K L ™M N
873 50 35 41 10 2 169 79 115 40 19 400 166 42
151 50 54 54 21 2 123 93 90 40 24 717 294 41
328 50 33 45 6 2 222 92 105 43 17 467 197 42
379 50 20 25 6 1 4 78 25 8 6 8 3 33
424 50 24 42 16 2 28 68 28 9 16 63 19 30
838 50 43 53 13 3 151 77 73 26 17 460 179 39
101 49 41 44 7 1 80 83 45 20 13 288 116 40
913 49 57 57 22 5 225 93 105 56 15 908 433 48
346 48 38 38 13 1 175 90 60 31 11 40 21 51
376 48 41 48 14 2 156 88 70 28 13 325 88 27
940 48 30 34 14 3 111 86 40 21 14 507 227 45
59 47 52 57 13 3 160 90 173 65 22 247 65 26
916 47 32 54 14 2 305 77 148 69 13 580 258 45
690 47 39 39 12 1 207 70 67 32 12 370 135 37
505 46 33 42 12 2 99 81 39 17 19 133 54 40
606 46 37 44 14 3 152 89 92 44 25 375 151 40
88 46 27 44 8 3 122 78 82 35 38 143 62 43
667 44 39 52 13 2 156 92 83 34 13 167 64 38
891 43 27 39 7 2 159 81 68 34 11 345 161 47
125 43 33 52 10 2 204 87 95 45 23 237 108 46
633 42 34 42 17 2 59 84 30 12 11 32 11 35
416 41 21 47 12 1 137 93 65 35 19 205 95 46
431 41 38 44 14 2 132 90 52 23 11 143 57 40
437 41 35 35 14 1 109 95 52 20 10 97 33 35
236 40 28 40 5 2 200 84 110 38 12 37 13 35
750 40 12 39 6 6 119 81 52 26 21 298 119 40
639 40 30 59 17 2 95 83 50 22 15 137 49 36
868 39 41 44 13 1 204 84 87 40 14 358 147 41
456 39 24 39 8 1 104 94 57 27 15 182 84 46
714 39 29 45 9 2 149 8 63 28 13 358 155 43
325 39 36 36 9 2 147 96 65 33 17 275 126 46
553 38 28 40 11 2 41 84 30 13 18 187 70 37
897 37 39 53 11 2 153 82 73 49 25 398 212 53
394 37 40 48 11 3 177 87 92 42 19 340 139 41
256 37 28 33 7 1 40 8 17 10 14 48 27 56
924 37 31 45 12 1 310 79 148 70 18 478 227 47
872 3 23 39 9 3 379 80 125 64 14 267 134 50

10 35 34 35 13 5 193 83 177 35 17 498 171 34
634 35 36 46 12 1 126 68 65 21 10 148 48 32
614 34 29 41 15 1 176 86 83 39 14 298 125 42
680 34 28 41 12 2 150 74 68 29 18 192 62 32
408 33 37 49 10 1 56 72 37 17 8 58 24 41
608 33 17 30 8 2 73 8 38 17 17 25 12 46
817 33 42 51 17 2 171 88 107 36 18 357 119 33
935 33 19 50 11 2 179 84 102 50 23 260 134 52
382 32 32 39 13 1 9 80 42 18 24 55 28 52
601 32 20 39 10 2 161 84 47 41 9 113 67 60
584 32 49 49 14 2 164 96 110 56 25 325 159 49
411 31 19 33 12 1 82 8 43 17 11 47 20 43

18 30 34 41 11 3 234 53 107 48 16 163 71 44
177 30 27 40 13 3 216 87 60 32 12 187 76 41
554 30 23 43 6 2 168 78 87 36 15 140 56 40
548 30 17 31 8 1 192 90 60 32 10 122 62 51
540 29 29 42 13 2 98 90 43 21 18 148 64 43
355 29 37 37 8 1 209 96 90 49 22 90 49 54
401 26 35 35 12 3 90 74 62 27 18 255 114 45

4 28 39 38 16 4 106 92 57 26 35 345 149 43
235 27 32 44 11 2 123 81 58 28 17 58 28 49
631 26 35 45 5 2 100 94 40 19 11 27 13 48
418 26 17 39 6 2 48 8 30 13 21 20 9 43
585 26 24 39 7 1 206 78 70 36 18 70 36 51

[SDgos) 2 12 12 6 17 148 13 68 31 35 24 11 019

(1) ya)s e G sy o Be sl F by o a3 Lo slaes B (e b)) e cpdgl ela )| D (o iils) gy Job C (o cil) @y glis )| B (/) iy A cagine 3556 y50uSl5 MCC

o g B Bl LSD (/) cls el :N (oo 3 p,5) als o Slas M (g yo 0 33 0 )5) 0355 Cansj 5, Sos L (p,5) wloY e v 59 K (W 40 p)5) alls J (&g 0 p)5) 03¢5 Cam ) :H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant™,
G: Filled pod (%), H: Biomass (g.plant%), J: Grain (g.plant™) K: 100 seed weight (g), L: Biological yield (g.m?), M: Grain yield (g.m?), N: Harvest index (%),
LSD: Least Significant Difference
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Table 5. Effect of autumn sowing on studied traits of chickpea genotypes deci types in the survival range from 0 to 25%

Genotype(MCC) A B C D E F G H J K L M N
131 25 23 34 10 1 100 91 53 30 25 63 37 59
335 25 29 29 7 1 209 8 30 7 12 110 75 68
340 25 25 35 9 3 320 93 185 67 16 123 44 36
632 25 31 40 9 1 89 8 40 16 8 50 16 32
364 24 29 29 7 1 128 94 45 25 13 45 25 55
516 2 0 0 0 O O 0 O O 0 0 0 0
404 22 49 49 13 6 439 91 210 103 17 362 169 47
406 22 26 38 12 1 106 92 57 27 17 57 27 48
436 22 31 51 11 1 99 8 52 22 15 52 22 43
912 22 40 40 13 2 140 83 80 44 24 197 100 51
448 2 0 0 0 0O 0 0 O 0 0 0 0 0
623 210 26 22 9 2 145 8 63 32 10 97 45 47

22 20 26 52 11 3 172 91 83 38 13 55 25 46
890 20 55 55 14 2 114 8 62 30 18 148 66 45
385 19 29 43 19 3 216 73 102 38 12 34 13 37
434 18 36 45 7 2 104 91 50 21 12 33 14 41
536 18 23 38 12 2 170 8 77 37 19 193 90 47
876 18 39 39 9 2 221 8 90 45 15 313 135 43
867 18 44 44 14 1 136 90 67 33 18 227 103 46
389 17 43 45 11 3 129 89 85 37 23 167 74 44
504 17 25 6 6 1 17 71 10 6 13 3 2 60
435 16 22 31 10 1 47 82 28 12 13 28 12 43
425 6 20 20 8 1 12 8 7 6 30 27 16 58
433 15 32 39 12 1 97 8 40 19 21 40 19 46
560 13 20 40 6 1 149 91 65 34 17 23 13 55
237 13 45 45 9 2 118 93 50 20 26 638 260 41
166 12 30 33 15 2 49 8 28 14 20 45 24 52
455 12 29 50 12 2 151 75 83 34 20 147 57 39

16 12 27 32 7 1 18 9 13 6 13 13 6 48
869 12 18 18 8 1 134 69 50 23 14 17 8 46
159 11 28 28 11 2 76 8 32 16 14 32 16 50
609 10 36 46 10 1 204 8 80 33 18 107 46 44
439 0 0 o0 0 O O O O O 0 0 0 0
555 9 0 0 0 0O O O O O O 0 0 0
174 9 18 30 6 1 35 91 20 10 12 7 3 51
539 6 0 0 0 O O O O O O 0 0 0
710 6 45 45 18 1 91 81 43 20 17 28 14 48
514 6 0 0 0O O O O O O O 0 0 0
908 6 0 0 0 O O O O O O 0 0 0
198 5.0 0 0 0O 0O 0 O O O 0 0 0
178 5.0 0 0 0O 0O 0 O O O 0 0 0
515 3 0 0 0 0O 0O O O O O 0 O 0
441 3 0 0 0 0O 0 0 O O O 0 0 0
615 3 20 52 10 2 478 80 160 77 14 53 26 48
189 3 2 34 10 1 162 73 55 28 14 37 19 53
438 3 0 0 0 0O 0 0 O O O 0 0 0
440 2 0 0 0 0O O0O 0 O O O 0 0 0

19 1. 0 0 0 0 O O O O 0 0 0 0
362 0o 0 0 0 0O O O O O O 0 0 0
368 0o 0 0 0 0O O O O O O 0 0 0
388 0o 0 0 0 0O O O O O 0 0 0 0
517 0o 0 0 0 0O O O O O O 0 0 0
534 0o 0 0 0 0O O O O O O 0 0 0
535 o 0 0 0 0O O O O O O 0 0 0
549 0 27 42 9 1 94 75 37 19 17 37 19 52

LSDoos 2 12 12 6 17 148 13 68 3l 35 24 11 019

(1) ya)s e G sy o Be sl F Sy o a3l slaes B (e b)) e cpdgl gla )| D (e iils) gy Job C (o il) ags glis )| B (/) i A cagiie 3556 508l MCC

o g B Bl LSD (/) cls el :N (oo 3 p,5) als o Slas M (g yo 0 33 )5) 0355 cansj 5,Sos L (p,5) wloY e v 59 K (W 40 p)5) alls J (&g 0 p)5) 03¢5 Cam ) :H
MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. Plant™,
G: Filled pod (%), H: Biomass (g.plant%), J: Grain (g.plant™) K: 100 seed weight (g), L: Biological yield (g.m?), M: Grain yield (g.m?), N: Harvest index (%),
LSD: Least Significant Difference
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Table 6. Correlation coefficient of traits in chickpea genotypes deci types

A B C D E F G H J K L M N
A 1
B 0527 1
C 055" 0.80" 1
D 049" 0777 0747 1
E 048" 0317 0477 0407 1
F 033" 043" 0577 045" 0427 1
G 052" 071" 081" 066" 044" 0517 1
H 038" 0517 065" 050" 049" 089" 054~ 1
J 037" 050" 063" 049" 0467 0927 0567 094~ 1
K 044" 0527 060" 048" 046 032" 0707 045" 0477 1
L 069” 055" 0557 0567 0537 044" 0377 047" 048" 0357 1
M 0657 052" 0527 0527 048" 045 0377 046”7 0507 034" 0977 1
N 030" 053" 063" 0477 030" 046™ 0.83" 039" 048" 061" 023" 0327 1

asly 5, Sloe M ooy sy o, Slas L casloy -

059 K asls J wesg iy H )g,b e G gy jo B slaws F gy jo as L slows B (M gl glis )| D g Job (C iy glis )| B sl A

Aoy S Jlaisl o o I e BB cclils a3l N

A: Survival, B: Plant height, C: Plant length, D: Lowest pod height, E: Branch No., F: Pod No. Plant?, G: Filled pod, H: Biomass, J: Grain, K: 100 seed weight,
L: Biological yield, M: Grain yield, N: Harvest index;™: Significant at 1% probability level
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Table 7. Factor analysis for chickpea genotypes

Traits wlao Factor 1 Factor 2  Factor 3
Survival PR -0.706 0.423 0.072
Plant height Wy glas )l -0.870 -0.033 0.243
Plant length Gy Jsb -0.766 -0.049 0.337
Lowest pod height e gl glas | -0.764 0.043 0.311
Branch No. Gy 4L olows -0.641 0.186 -0.111
Pod No. plant* W 40 e Slows -0.738 -0.318 -0.513
Filled pod 59,k Bl -0.535 -0.335 0.446
Biomass. plant™ g 5O 0355 -0.798 -0.307 -0.388
Grain. plant’? W o als -0.729 -0.387 -0.429
100 seed weight alol v 59 -0.663 -0.121 0.349
Biological yield 0395 e ; 0 ,Slas -0.752 0.593 -0.147
Grain yield als o Slos -0.747 0.528 -0.184
Harvest index Cils y asls -0.512 -0.397 0.179
Eigen value % aolis o5y 6.658 1.478 1.293
Cumulative variance oy i g 51.22 62,59 79,54

(*0)
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Fig. 3. Distribution of chickpea genotypes on the basis of the first and the second components
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(0 3955 SUcaiai5 53 ano (g 8lof ( Jolaiol (ol SLolS' 5k aly 2 o puiciani il slg 4325 —A Jguu
Table 8. Analysis varation of multi variables based on unbalanced completely randomized design (CRD) Wilks'
Lambda in Chickpea genotype

Function df Wilks' Lambda  Chi-square  Probability level
1 39 0.312 257 0.000
2 24 0.692 811 0.000
3 11 0.907 215 0.028

w0 9955 G gif (suiveg S Como (sl (antld @l i -4 Jgua
Table 9. The results of discriminant function for clustering validity of chickpea genotypes

Group Membership

Group 1 5 3 7 Total
1 93 4 7 2 106
Total 2 4 15 0 5 24
3 16 0 20 7 43
4 7 6 5 39 57
1 87.7 3.8 6.6 1.9 100.0
Percent 2 16.7 62.5 0.0 20.8 100.0
3 37.2 0.0 46.5 16.3 100.0
4 12.3 10.5 8.8 68.4 100.0

72.6% of original grouped cases correctly classified.

A oalit ol Lacdsiy (satog;S sl pgd 5 Jsl locsies doyd sy Olas aled (Sgils e lailiul cylps
Sz 53 (oo 90558 Slagaisy O S8 4y axgi L (0 JS0)
RIS 5950 (S E95 09,5 R 50 5 WAl (galeg S dlwd

o osalle (25,5 (yr (S5 985 4 Coad (08

Sllo sl g ailo) e g digr 0 wls 5g 6,9,L NS
(Ve Jouz) 09 ax g3 LB (SglS caseis ol aobas o
1y U i Slice ol 45 aes e lis b ol
u_i,,Jy'LS sl e lalsl jo a5l Lacdesy Eo

0 0956 i gi 0 o g S0 jluil Wlhe (Sigils o lailiw! ol s —Ve Jgus
Table 10. Standardized canonical discriminant function coefficients measured groups in chickpea genotypes

Canonical Function

Traits wlao 1 > 3
Survival <l 0.182° 0496  0.408
Plant height A glis)| -0.230" 0132 -0.171
Plant length g Job 0.238" 0.403 0.198
Lowest pod height e gl glas,l  -0.008"  -0.233  0.583
Branch No. @y o axlsolws 0173 -0.137  0.409
Pod No. plant? Gg 0 B sl 0.118"  -0.161  0.605
Filled pod L5l e 0084 -0.255" -0.176
Biomass. plant™ g 0 00gcem; 01027 0500  -0.620
Grain. plant® Ay 0 Al -0.139  0.063  0.272"
100 seed weight Gl -+ o3 0081 -0.100 0.650%
Biological yield gcam) oS 0791 1998  -3.028
Grain yield als o Slos 0.058"  -2.704 2412
Harvest index culs g asls -0.090 0.295  -1.103"
Eigen value polids o9 1.218 0.310 0.102
Cumulative % Ao )d e (2025 4.7 93.7 100
Canonical Correlation Ko SSgls  0.741"  0.486°  0.305

_;gys,ghsm,mwomo»mwd;\/p;*
*: Largest absolute correlation between each variable and any discriminant function
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Fig. 5. Cluster grouping of chickpea genotypes based on significant canonical variable

UH)‘ )‘ oolaul L_) L.bosj_f u;.f.)L.uo d_ml.tu (\ \JS») Slao )‘ s_i_: B 6‘)_4 Lbajjf ).:d,d\b P )5.|a.~a=b
slocsgiy as ol las sldy ws o gl SSls slasalonis plail a8 b ST il lg 4y 500 Ao O sods dslllass ge
Pz 09,5 <0lilom 509 o |y 5aSilee (i g0 09,5 Slino joan (Wibly 4525 @l wlal 2 (V) Jgoz) b
L 09,5 90 o) Sl cglas 8,5 )1, 8 gom 4y jo Slewa JS oo by sl i gl ea o
OF Jgoz) 095 o 0 VEIF s WIV i g S nSileo Al oanlie (5 )l e Sglay Loog , 5 1y aslllacs g0
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Table 11. Analysis of variance (mean square) based on measured groups in ckickpea genotypes

Traits wlas Between groups  Within groups
df sl a0 3 226
Survival sl 17366™ 489™
Plant height 4y glas )l 3425™ 194™
Plant length gy Jobo 3059™ 172™
Lowest pod height e gl glas )l 352" 227
5o azLs olaws - -
Branch No. 28.8 1.52
Lo
Pod No. plant? Gy B slaxs 76043™ 6259
Filled pod BYSURE T 2507™ 1817™
Biomass. plant* Wgr ) 0095 19741 1333™
Grain. plant’? FENERIT N 2996™ 3957
100 seed weight als v 59 343 46.4™
Biological yield 0395 § O, Shos 33539502"™ 395263™
Grain yield als o Sles 6079467 82568™
Harvest index cls y yasls 148 409"

a0 S Jleiol mha )0 ls e g ,lo e pnd s 5 4 FF 9 NS
ns and ™ No significant and probability level of 1%, respectively
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Table 12. Cluster analysis in chickpea genotypes

Traits Group 1 Group 2 Group 3 Group 4 Total average
Number of genotype 106 24 43 57 230
A 32.1° £239 65.7*F 4222 555° 235 64.4® +169 480 +26.6
B 32.9° +176 462 141 441° 870 47.6° 810 400 154
Cc 26.0° +147 37.1* #1611 37.3* 997 40.1° 105 328 145
D 8.80° +4.90 13.820 650 12.68 340 13.1° +430 11.1 520
E 150° +0.98 3.10° +1.60 240° +1.30 2.70® +140 2.10 +1.40
F 108" +83.5 182° #87.1 164° +69.4 170* 7391 141  +847
G 75.9* +584 83.7* #184 853 #6.3 89.3% #27.71 818 427
H 51.0° +385 824* +388 79.9° 336 856° +33.7 683 397
J 25.2°  +234 40.7* +185 36.9° 164 36.7° 151 319 207
K 135> +840 17.7* 4590 184* 540 17.2° +430 158 7.10
L 420° 659 2279% 921 972° +350 1672° 583 1027 %912
M 1959 +305 1045° +439  395° +154  670° +248 439  #401
N 39.3° 284 439° #10.2 41.2* £740 40.9*° 760 405 #20.1

(1) 59,0 L G gy jo Be slaws F abg j0 asls slaws B (e i) L utgl elis )| D (e ile) G Jsbo ©C (o gile) agr gl )| B (/) s A cogin 3955 55505 MCC

(1) esls y alss N (oo 1 p,5) als o Slas M (g yo e 3 p,5) 0355y 8 ,Slos L (p,5) loY+ v 59 K (&5gs ,0 p,5) als J (&1 )5 p)5) 035 ) H

W0 00 b (6)lo e Dglis wo s gy el e jo (SUls glasslosiz aesl Lell el K0aSs b (S i By a5 (6 polie sy oy

MCC: Mashhad chickpea collection, A: Survival (%), B: Plant height (cm), C: Plant length (cm), D: Lowest pod height (cm), E: Branch No., F: Pod No. plant?,
G: Filled pod (%), H: Biomass (g.plant™), J: Grain (g.plant™) K: 100 seed weight (g), L: Biological yield (g.m-2), M: Grain yield (g.m), N: Harvest index (%),
LSD: Least Significant Difference; Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%).
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Introduction

In temperate climates, cool-season plants are usually grown in autumn. Due to the proper establishment
of the plant in autumn, better use of rainfall, and avoidance of late-season heat and drought stresses, autumn
planting leads to better plant stability and yield compared to spring planting. In chickpeas, autumn sowing
increases plant height and nitrogen fixation. Scientists believe that autumn cultivation of chickpea leads to
higher yields due to the longer vegetative growth period and coincides with the reproductive growth period
with favorable humidity and temperature conditions. On the other hand, studies have shown that in severe
freezing temperatures in cold regions, chickpea has a lower tolerance threshold than autumn cereals. This
study aimed to evaluate the freezing tolerance of chickpea genotypes -desi type- in field conditions to select
superior genotypes for autumn cultivation.

Materials and Methods

This study was conducted in the research farm station of the Faculty of Agriculture, the Ferdowsi
University of Mashhad in 2018. In this study, 255 desi type genotypes and a Kabuli type genotype (Saral) as
control were evaluated in a Randomized Complete Block Design with three replications. Seeds were
provided from the Mashhad Chickpea Collection (Seed Bank of Research Center for Plant Sciences,
Ferdowsi University of Mashhad). Planting was done in October with a density of 30 plants per square
meter. Irrigation was done in three stages including immediately after planting, 14 days after the first
irrigation, and at the flowering stage. To determine survival percentage, the number of plants for each
genotype was counted 30 days after emergence and immediately after winter. Genotypes were classified into
four groups (0-25, 26-50, 51-75 and 76-100% survival). Plant height, plant length, lowest pod height,
number of branches, number of pods per plant, percentage of filled pods, plant dry weight, grain weight per
plant, 100-seed weight, biological yield, grain yield, and harvest index were measured at the end of the
growing season.

* Corresponding Author: nezami@um.ac.ir
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Results and Discussion

The lowest minimum temperature during the growing season was -12°C. Results showed that among
255 genotypes, 25 genotypes were lost before freezing stress and 20 genotypes were lost by freezing stress.
Significant differences were observed among the genotypes in terms of plant height, plant length, lowest pod
height, number of branches, number of pods per plant, percentage of filled pods, plant dry weight, seed
weight per plant, 100-seed weight, biological yield, grain yield, and harvest index. The survival percentage
of 39 genotypes was between 76 to 100%, 75 genotypes between 51 to 75%, 61 genotypes between 26 to
50%, and 55 genotypes less than 25%. Ten genotypes (MCC373, MCC658, MCC755, MCC212, MCC83,
MCC864, MCC371, MCC756, MCC749 and MCC885) had a survival percentage higher than 90%. Plant
height in 21 genotypes was higher than 50 cm and the lowest pod height in 47 genotypes was more than
15cm. The number of branches per plant increased as the survival range increased. Also, in different survival
ranges, grain yield decreased as survival percentage decreased. The average grain yield in the survival range
of 100-76% was 257 g.m2, which was 24%, 2.5, and 8.6 times higher than the survival ranges of 51-75, 26-
50, and 0-25%, respectively. No significant difference was found among survival ranges of 100-76, 75-51,
and 50-26% according to the harvest index.

Conclusion

The results of cluster analysis of chickpea genotypes desi type under autumn cultivation showed that
230 studied genotypes were divided into four groups. The four groups included 106, 24, 43, and 57
genotypes, respectively. Standardized canonical coefficients of all traits except, the percentage of filled pods,
seed weight per plant, 100-seed weight, and harvest index were significant in the first canonical diagnostic
equation. These results show that these traits have the greatest impact on the diversity between genotypes.
Based on the results of the analysis of the variance of groups, except for the percentage of filled pods and
harvest index, a significant difference was observed between the groups in all studied traits. A comparison of
the means of the groups showed that the genotypes of the second group had the highest mean survival
percentage and then the fourth group was in the next rank. The difference between the means of these two
groups with the total mean was 17.7 and 16.4%, respectively. The genotypes of the second group were
superior to the genotypes of the other groups in terms of biomass yield and grain yield and produced 1252
and 606 g.m? more than the total average, respectively, then the genotypes of the fourth group were superior
to the genotypes of the other groups. In general, due to the high yield in the cold-tolerant genotypes, autumn
cultivation of desi-type chickpeas seems to be economical.

Keywords: Freezing: Harvest index: Plant height: Seed yield: Survival
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Fig. 1. The difference in contamination to larvae of Helicoverpa armigera in three stages of middle of flowering, sheath
and before harvest in five regions of arak, shazand, khomein, milajerd and khondab in the first year
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Fig. 2. The difference in contamination to larvae of Helicoverpa armigera in three stages of middle of flowering, sheath
and before harvest in five regions of arak, shazand, khomein, milajerd and khondab in the second year
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Table 2. Mean comparison of agronomic traits of local bean stands in five regions of Arak, Shazand, Khomein,
Milajerd and Khondab in the first year

FHERIREY)

OIE oluas L vuo 4o . . _ A1) e )
N oo 034 G Slass ; : 2 s oy pabolas s oy o o Sos
e S S 0 yod s 5 -
: Local Number of o . S N ¢ (LSS 4o p,59lus)
City mass pod Number of  Percentof ~ Grade 100 Seed .
Seed pod  Pest seed . Yield (Kg/h)
pest pod pest pod ; weight (g)
in pod
White i 19.00a 1.00a 5.22b 3.55h 4.6a 1.00a 28.6b 2881.6b
Red ;0,3 19.55a l.1a 5.73b 3.6b 3.7b l.1a 29.00b 2718.8b
sl = 14.55¢ 1.25a 8.49 4.253 4.5a 1.25a 39.00a 3196a
p) Chiti
Arak a5
F’; | 19.00a 1.15a 6.15b 3.8ab 3.61b 1.15a 28.00b 2626h
e
I’;’; 17.00b 1.20a 6.98ab 4.10ab 3.54b 1.20a 27.00b 2604.2b
(S
Sk =z 13.05d 1.3a 9.3% 4.3a 3.87c 1.3a 38.00b 2998.4ab
Shazand Chiti
tht 15.75b 1.15a 7.46ab 3.95ab 4.5a 1.15a 40.00ab 3145.6a
1t}
I’;’; 19.8a l.1a 5.60b 3.5b 3.70d l.1a 30.00c 2797.8b
e
Cﬁ;'t?' 14.5bc 1.15a 8.05ab 4.20ab 4.20b 1.15a 39.00ab 3104.8a
1t}
Cﬁ;'t?' 14.00dc 1.25a 8.84a 4.20ab 4.00c 1.25a 41.00a 3075.8a
1t}
C‘j;]"_t"_ 13.00b 1.8a 14.06a 5.25a 3.63c 1.85a 36.00b 2824b
1t
Cﬁ{'t?' 10.9¢ 1.3b 11.71a 4.7ab 3.70c 1.35b 41.00a 2334c
1t
O = 16.00a 1.1b 6.99b 4.05b 4.22b 1.1b 42.00a 3387.4a
Khomein Chiti
Co”ht 14.75a 1.20b 7.98b 4.2b 4.40ab 1.20b 40.00a 3214.8a
1t
Cﬁ{'t‘:’ 15.00a 1.15b 7.84b 4.1b 4.50a 1.15b 41.2a 3246.6a
[11]
:_: ’; 17.00c 1.15a 6.71a 4.05a 3.44d 1.2a 25.8b 2591.4¢
e
RV
i 19.35b 0.8b 4.26b 3.05b 4.66b 0.8b 29.00ab 2907ab
White
2 dedes 24.15a 1.05ab 4.46b 3.15b 4.9 1.05ab 28.00ab 2689.2bc
Milajerd White
;’; 20.00b 1.1ab 5.48ab 3.5ab 3.79c 1.1ab 31.00a 2814.8abc
e
”\‘“’ 19.7b 0.8b 4.16b 2.90b 4.8ab 0.8b 29.2ab 3007a
White
M"’ 19.8¢c 0.85a 4.33a 3.05a 4.8a 0.85a 29.6a 3198a
White
“‘““' 22.5b 1.1a 4.85a 3.1a 4.57b 1.1a 26.4b 2599¢
White
s s 25.00a 11a 4.45a 31a 5.00a 11a 30.00a 2880b
Khondab White
K-
i 19.9¢ 0.85a 4.24a 3.00a 4.9a 0.85a 29.00a 3203.8a
White
““"‘“ 19.95¢ 0.85a 4.29 3.05a 491a 0.85a 30.2a 3227a
White
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Table 4. Mean comparison of agronomic traits of local bean stands in five regions of Arak, Shazand, Khomein,
Milajerd and Khondab in the second year

e o N o By sasolagy | SOFT s ol .5 ion o Sdos
O olax eogll O Slus S I $) ailo)es (3 .
e slxo 009 dhisd 029! o 03l o ENTN R N
City Local mass Number of Number of Percent of <0 e Pest seed in 10_0 Seed (%
pod pest pod Grade  Seed pod weight (9) o
pest pod pod Yield (Kg/h)
White s.aw 23.55a 1.05a 4.49b 3.05b 4.79% 1.05a 27.8ab 2613.2a
Red ;0,8 18.00b 1l.1a 6.20ab 3.85a 3.38b 1l.1a 27.6ab 2724.2a
i'):( Red ;0,3 17.85b 1.25a 7.07a 4.05a 3.43b 1.25a 26.6ab 2579.6a
ra
Red 5., 17.60b 1.30a 7.46a 4.1a 3.31b 1.30a 25.6b 2553.8a
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Introduction

According to statistics released by the Ministry of Agricultural Jahad, the area under cultivation of beans
in Iran is 106264 hectares, with an average yield of 2401 kg/ha. Helicoverpa armigera has recently caused
extensive damage to bean fields. Young larvae feed on the leaf parenchyma and reproductive organs of
chickpeas (flowers and buds) and then, at the same time as the pods form, medium and large larvae enter the
pod and feed on its seeds. Farmers spray every year for fear of pests, and sometimes even in the absence of
pests. In addition to polluting the environment, these sprays reduce natural enemies and cause other
consequences, including the return of the pest, and imposing additional costs on farmers. Therefore,
considering the key role of beans in the central province and the importance of this pest and the need to
reduce and optimal use of agricultural pesticides, studying the amount of damage caused by pod worms is
one of the requirements. Therefore, considering that the population of this pest has increased in bean fields in
recent years and it has caused damage, and so far no research project has been conducted on this pest in this
province, the distribution and damage rate of this pest was investigated.

Materials and Methods

The project was carried out in bean farms in Khomein, Arak, Milajerd, Khondab and Shazand cities for
two years. In order to investigate the damage of bean pod worm in important areas of bean cultivation, five
bean cultivation regions of Markazi province including Arak, Shazand, Khomein, Milajerd and Khondab that
had relatively high density of this pest were selected. Twenty five farms, five farms from each region were
selected and investigated and 5 farms and a total of each region. Twenty-five bean fields were surveyed at
three times of mid-flowering and pod formation and before harvest. For sampling from each field and in all
three stages of mid-flowering, pod formation and before harvest, 20 plants were randomly selected and while
shaking the plants on a white paper, the number of larvae was counted and recorded. To estimate the amount
of damage, before harvest, 20 plants were selected from each field and all healthy and damaged pods of each
plant were identified and counted due to the pest and the percentage of field contamination was estimated.

Results and Discussion

* Corresponding Author: aroya95@gmail.com
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The results of this study showed that in both two years of the project, Khomein and Khondab regions
showed the highest and lowest pollution rates, respectively. The largest population of bean bud worm larvae
is in the middle stage of flowering, so it is recommended to carry out chemical control at this stage if it is
necessary. Due to the fact that among the studied local mass, red and white, respectively, were more
sensitive to this pest. In order to reduce the percentage of infection, white and red local mass are preferable
to cultivation in the mentioned areas. The results showed that the optimum time for chemical control of
chickpea cocoons is simultaneously with the largest number of larvae which coincides with the middle of
flower formation (flowering stage) and early cocooning of plants (Shafaghi et al., 2020). The results of
current study are similar to the results of the present study in terms of having the largest population of larvae
in the mid-flowering stage. In a study conducted in India on a weekly basis in different regions to investigate
the distribution of Helicoverpa armigera Hiibner (Lepidoptera: Noctuidae), it was concluded that the average
number of larvae per plant was 2.5 and the minimum number of larvae per plant was 1.4. The average
number of larvae varied in different parts of the country (Wakil et al., 2010). Due to the differences in
weather conditions and the product under study, the results of the present study are not similar to the results
of this study. A research project found that first- and second-age larvae of soybean pod eaters were denser
than older larvae, which may be due to the death of younger larvae that could not reach older ages (Barari et
al., 2011). In the first year, the average percentage of damages in Arak, Shazand, Khomein, Milajerd and
Khondab counties were 6.51, 7.87, 9.72, 5.01 and 4.43% in the second year, respectively 6.45, It was 8.68,
9.67, 5.55 and 4.26 percent, respectively. In a study it was concluded that Caboli type cultivars were more
sensitive to this pest, but the compensation mechanism was more in these cultivars relative to the Deci
cultivar. In this experiment, it was found that ILC537 and Pirooz cultivars showed the least infestation to this
pest (Khanizad & Kanouni, 2006).

Conclusion

Due to the fact that among the studied cultivars, red and white, respectively, were more sensitive to this
pest. In order to reduce the percentage of infection, white and red cultivars are preferable to cultivation in the

mentioned areas.

Keywords: Bean pods: Distribution: Local mass: Percentage of infection
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Glowi 9 DY g (wbigogdgu (555 PSU tums! Sl SA (59 Slilgus ZN L) H3dy Lo iy 1) S0
odbdnogi 3O duo )3 B g VB Nevd )5 iy H((Fwd (2rg) jppcile I gyle HW) o gldcile oy g (Glowd Sy (9o 53)
S)18 paiges Jo e b (Phaseolus vulgaris) Lug) segs 0395 wlio y (5 ycide ay 039l Ll pid (INF g (yg3Lc 5 ol yald s 5 S ale
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Fig. 1. Effects of seed pre-treatment (With Zn, zinc sulphate; SA, salicylic acid; Psd, psaudomonas bacteria; Dry, without
priming) and weed management (HW, weed free (hand weeding); 100, 75 and 50% recommended dose of trifluralin and

bentazon; Inf, weed infested) on dry bean (Phaseolus vulgaris L.) landrace characteristics during sampling times
Vertical bars (Error bars) represent standard error of means.
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Table 2. Interaction of seed pre-treatment and weed management on dry bean
(Phaseolus vulgaris L.) landrace height and stem and plant dry weight during sampling times
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a Seed pre-treatment by zinc sulphate, salicylic acid, psaudomonas bacteria, and without priming); 100, 75 and 50% recommended dose of trifluralin and

bentazon, weed free (hand weeding) and weed infested; ® Significant differences for levels of a factor separately sorted by each levels of the other factor;

*and **: Significant at the 5% and 1% probability levels, respectively; ns: non-significant; Means within a row followed by the same capital letter, and
means within a column followed by the same small letter are not different according to Fisher’s protected LSD at P=0.05.; ¢ R.D .Recommended dose
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Table 3. Effect of different methods of seed pre-treatment and weed management on dry bean
(Phaseolus vulgaris L.) landrace pod number and weight and biological yield 72 days after planting
(5™ sampling time)

W ol SWE 439 S5 gm o ySlos
(&0 %0 5o lus) (&0 39 055 (US55 0 ,55ks)
pod number pod weight Biological yield
(no.m?) (g.m?) (kg.ha?)
Method of seed pre-treatment iy lod s (9,
9y Sl gus Zinc sulphate 495,73 44,127 3125.19°
Sl Sl Salicylic acid 485.33° 51.062 3451.11°
obigegogm (5 5SL Psaudomonas bacteria 557.33 2 62.82° 3964.30 ¢
S e Without priming 42507 ° 47.69 2 2649.04 ¢
Method of weed management ; ,» slacile <o pow 9,
sk 5l sl Weed free 671.33° 68.37° 4256.24°
oalarsg 53 V7 100% Recommended dose 643.67° 58.90%® 3928.72%®
oadarogs 50 YO/ 75% Recommended dose 506.33° 71.23° 3766.46°
odddnogs 3007 50% Recommended dose 44567°¢ 38.12% 2738.89°¢
syocle 4y oogll Weed infested 187.33¢ 20.49°¢ 1796.74¢

Wl gl pme gl [+ 0 Jlois | mla o LSD 5031 oolsl pp oy 5 50 ailice B9 > (6lls (slo o nuSileo
Means within a column followed by the same letter are not different according to Fisher’s protected LSD at P=0.05
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Introduction

Among three market class of bean (Phaseolus vulgaris L.) landrace in Guilan province, black streaked
(Ojo de Cabra) has the highest cultivated area. This type of bean is a determinate bush with purple flowers,
kidney-shaped seeds coated with black streaks in creamy background and hundred seed weight of 37 g. The
great yield loss of bean posed by weeds represents the importance of planning effective weed control
programs. With respect to increasing environmental concerns, if crop suppressive ability could be integrated
into a weed management strategy, then the potential for improved weed control and reduced herbicide inputs
would be promising. Every agronomic practices aim to improve germination extent, evenness and rate,
seedling emergence and establishment, and plant growth and development for crop rather than weeds, would
lead to enhance competitiveness of crop against weeds. Seed priming is a physiological technique in which
seed hydration and drying occurs. Conventional methods of seed priming are hydro-priming, bio-priming,
chemical priming, osmo-priming, nutrient priming, and priming with plant growth regulators. Seed priming
due to promoting germination, emergence, and early growth of crop can ensure vigorous plants which may
strongly compete with weeds. Therefore, priming could be expected to confer a competitive advantage on the
crop. In this experiment, the possibility of utilizing priming in order to reduce the applied dose of two
common bean herbicides, trifluralin and bentazone, were investigated.

Materials and Methods

In order to study the effect of seed pre-treatment with biological and chemical agents and herbicide
application on growth and yield of dry bean landrace of black streaked (market class of Ojo de Cabra) as a
common and widely used landrace in Guilan province, this field study was conducted at the University of
Guilan in 2015. Treatments were arranged as a factorial with four seed pre-treatments and five weed
management programs for a total of 20 treatments in a randomized complete block design with three
replications. Seed pre-treatment consisted of priming by zinc sulphate and by salicylic acid, biopriming by
Pseudomonas bacteria, and without priming. Weed management program included weed free (hand
weeding), and weed infested condition, and 100, 75 and 50% recommended dose of trifluralin (Treflan, EC
48%, recommended dose of 960 g ai. ha!) and bentazon (Basagran, SL 48%, recommended dose of 960 g ai.
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ha?). To study the growth and development of bean, five stages of samples were taken. first destructive
samplings were done at 16 days after planting and repeated every 14 days up to the last sampling was done at
72 days after planting (samples were taken 16, 30, 44, 58 and 72 days after planting). At each sampling,
plant height, Leaf area and dry weight, and stem and total dry weight of bean plants were measured. Number
and weight of pods, and biological yield were also determined at the last (5th) sampling time. Data were
subjected to ANOVA, using SAS v. 9.2. Means were separated using Fisher’s Protected LSD test at the 0.05
level of significance.

Results and Discussion

The height of bean plants was higher by 11% in priming by salicylic acid compared to non-priming
treatments. Seed biopriming by Pseudomonas bacteria compared to non-priming treatment increased the
maximum leaf area index, maximum leaf dry weight, total dry weight, number of pods per square meter, and
biological yield by 30, 69, 50, 31, and 50%, respectively. Weed management also affected crop production.
The highest amounts of the measured traits were recorded for treatments of weed free condition and
recommended dose of herbicides. The values of measured traits reduced as herbicide dose decreased. Full-
season weed infested condition compared to weed free condition reduced the maximum leaf area index,
maximum leaf dry weight, total dry weight, number and weight of pods per square meter, and biological
yield by 40, 58, 58, 72, 70, and 58%, respectively. The lowest values belonged to weed infested condition.
The effect of reduced rate application of 75% of the recommended dose of trifluralin and bentazon were not
significantly different from recommended dose of two herbicides for all traits in all sampling times, except
the stem dry weight in third sampling, and pod numbers per square meter. Therefor it seems possible to
apply reduced dose of recommended herbicides while minimizing weed competitive effects and maintaining
economic returns of bean production. This also would decline undesirable effects accompanied by herbicide
application including herbicide-resistant weed populations that challenge sustainability of weed management
programs.

Conclusion

However, non-significant interaction of seed pre-treatment and herbicide application revealed that
despite seed priming methods was positively correlated with growth, development and production of bean,
but not with competitiveness of the crop, and thus could not provide a reliable management strategy to
reduced herbicide inputs. Generally, since implementation of integrated weed management systems are of
fundamental importance in modern weed control, more attention should be given to the possibility of setting
up weed control programs involving herbicides reduced dose application combined with crop competitive
ability.

Keywords: Biopriming: Salicylic acid: Weed management: Zinc sulfate
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Table 2. Results of analysis of variance (mean of square) of variety and spraying effects on LAlmax, CGRmax, TDWmax, plant
height, number of sub stem, number of pod per plant, number of grain per pod traits

Ol yo (afileo
Mean of square
- |» - . N - ™ . .
L - ~ iy yiSTas oolo yiSTas aBlu oo 0 B oo 0 &l dlaws
AR Ruoo P) (- ) w
w035 g T e el . Gy gl e Gy <M
Source of o3 ¢ Jyame i Plant height
variance Sy CGR TDW ant heig Number of Number of Number of
df LA nax max max lateral stem  pods per plant  seed per pod
S,S3(R) 2 0.737** 7.085** 5130.28** 50.34** 9.59** 30.30* 0.004™
o3, (V) 1 0.0213™ 1.101* 3216.30** 175.27** 5.35** 6.09** 0.1226**
5k Jsk(S) 6 0.118** 1.468** 5103.31** 0.9385" 2.61%* 0.26™ 0.031**
sl # 3, (V*S) 6 0.022" 0.545* 1070.56** 1.92" 0.1349" 0.48" 0.0076"
U (€) 26 0.0215 0.198 284.74 8.05 0.4157 0.719 0.0055
el ; 12.44 6.89 6.24 9.98 11.05 15.76 8.11
(cv)

RO PR N S N PO S NPT RN S Vg |
ns,* and **: Non significant, significant at 5% and 1% , respectively
R: Repeat; V: Variety; S: Spraying; V*S: Variety* Spraying; e: error; CV: Coefficient of variations

aBlw oloxi i g gl )l (s oolo S Tos (Jguamo ol GiSTos (S p mdaw 5l SSTos Olis colw Wl 1 (Kl dwg o -Y Jgus
L HO dild dlusi g aigy 0 ML dluwi ¢ £ 48

Table 3. Mean compared of simple effects of LAlmax, CGRmax, TDWmax, plant height, number of sub stem, number of pod
per plant, number of grain per pod traits

oy ESlas ool yiSTas W5l Slass
o Jpaze i NPT ] (LIRS, 30 &ilo olaws
. s 3Slas ) ) 0 = Gy yo e
o o o 50 p,5) Py py5) (o g5lw) Numbers N ‘b Numb
Treatment . Gay 5 ( Plant height of umber umbers
LAl max SR & (cm) lateral of pods of seed
CGRmax TDWiax " per plant per pod
(@m2d? (@m?) stem
3, (Variety)
seaie (V1) 1.2a 6.61a 279.08a 30.46a 6.19a 5.76a 0.97a
Jsle(V2) 1.16a 6.28b 261.58b 26.38b 5.47b 5.00b 0.86b
= sl=s(Spraying)
Sl 901 (S1) 1.18bcd 6.84ab 277.67bc 29.00a 5.83ab 5.16a 0.93a
Sepyg5l 90l (S2) 1.06¢d 6.15¢ 237.84d 28.75a 5.16bc 5.33a 0.84bc
oedS 0,15 (S3) 1.12bcd 6.33bc 264.82c 28.58a 5.83ab 5.66a 0.86bc
Sy 58l sl + Seleel sl (S4) 1.31ab 7.00a 287.83b 28.45a 6.5a 5.66a 0.96a
oS 2015+ Sl 0l (S5) 1.4a 6.86ab 313.52a 28.2a 6.66a 5.16a 1.01a
POV SRV SRS IRV (1) | 1.2bc 6.34bc 281.22hc 28.15a 6.00ab 5.33a 0.98a
(o1 b ool Jslome) aales (S7) 0.99d 5.6d 229.42d 27.83a 4.83c 5.33a 0.83c

el Hls gme B ABL o ys O et mhaw o LSD 5057 (ulolp ailice Gg > b oisasl)| slocpuSileo o Jole ;o LS 4 g g o 50
In each column and separately for each factor, means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid + Calcium
chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control).
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Tabel 4. Mean compared of interaction effects of LAlImax, CGRmax, TDWmax, Plant height, number of sub stem, number of pod
per plant, number of grain per pod traits

Al %::::’ °\>|-Zj:\’ ag el )yl “le é""w“ Slasy 30 &ild dlawy
Jow ghw sl T e (esile) S Gy e e
* _ P 30 0,5) S0 30 p,5) Numbers
Treatment Sy Gar oo ( Plant of Number Numbers
LA nax 98 & height lateral of pods of seed
CGRmax TDWmax (cm) per plant per pod
(@m?dy)  (gm?) stem
BT el
(V1)
Sebwdlos 0l (S1) 1.2abc 6.93ab 293.66abc 32.06a 5.33bcd 5.33a 0.92bcd
Syl anil (S2) 1.08bcd 5.99cd 230.77ef 30.7ab 5.00cd 5.00a 0.89bcd
oS 5,15 (S3) 1.18abcd 6.59bc 284.41bc 30.63ab 5.33bcd 5.33a 0.91bcd
S s8] sl + Selwdlo sl (S4) 1.35ab 7.43a 314.24ab 29.93ab 6.00abc 5.33a 1.02ab
oS I8+ Sl 0ol (S5) 1.44a 7.52a 322.29a 30.66ab 6.33ab 4.66a 1.11a
ool 0,18+ 55T sl (S6) 1.09bcd 6.24bcd 271.65¢cd 29.63ab 5.66bcd 4.66a 1.03ab
(1L 3k Jsl=e) walis (S7) 1.03cd 5.56d 236.56ef 29.63ab 4.66d 4.66a 0.91bcd
Jole
(V1)
Sl 30l (S1) 1.11bcd 6.76abc 261.68cde 25.93b 6.33ab 5.00a 0.94abc
S y95l arsl (S2) 1.04cd 6.3bcd 244 .23def 26.8ab 5.33bcd 5.66a 0.79de
oS’ 5,15 (S3) 1.06cd 6.08bcd 245.23def 26.53ab 6.33ab 6.00a 0.8cde
St ysSan] Smsl + S ls 2ol (S4) 1.26abc 6.56bc 261.42cde 26.96ab 7.00a 6.00a 0.9bcd
el 215+ Sl 9l (S5) 1.36ab 6.2bcd 277.74b 25.73b 7.00a 5.66a 0.9bcd
S 20,15+ S 68T apsl (S6) 1.32a 6.45bcd 272.79hc 26.66ab 6.33ab 6.00a 0.93bcd
(o1 b 3L Jsl=e) sals (S7) 0.95d 5.63d 222.28f 26.03b 5.00cd 6.00a 0.75e

ol o i B3 08l 3o 0 B Jleix| mhas ;0 LSD (5031 ulal s aslice g o b oaisatl | (slonuSilio (g o 50
In each column means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid + Calcium
chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control)
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Table 5. Results of analysis of variance (mean of square) of variety and spraying effects on 100- seed weight, biological
yield, seed yield, harvest index, seed protein yield, water use efficiency traits

Slay o (uKilo
Mean of square
e Bl 5 "
i N K PO & a «
Source of variance > ) J‘"""‘“ °’g‘“‘ ails 3 yShos il Wl el Srae 2l
df 100- seed Biological Seed vield : . Water use
weight yield Yl H_arvest Seed protein efficiency
index yield
55 (R) 2 49.31* 23759.98** 3958.21%** 95.86* 390.1%* 0.0504**
o5, (V) 1 530.01** 9928.50** 1204.73** 8.13™ 163.92** 0.0153**
PNENE)) 6 60.8** 4327.91** 365.97** 1.77™ 19.64** 0.0046**
S sle 3 o3, (V*S) 6 15.36* 579.53* 37.89™ 2.2 1.77 0.0048"
s (e) 26 5.42 224.59 64.71 17.88 4.02 0.008
s 2 (CV) - 6.72 8.14 14.20 13.94 15.88 14.23

ns,* and **: Non significant, significant at 5% and 1% , respectively

RO A~ NS POINP A P TORPR N S P TR

R: Repeat; V: Variety; S: Spraying; V*S: Variety* Spraying; e: error; CV: Coefficient of variations
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Table 6. Mean compared of simple effects of 100- seed weight, biological yield, seed yield, harvest index, seed protein
yield, water use efficiency traits

S Slos ailo 5,5os il L . ) S o t$~'~‘)'5~
(py) &IVeeyis p)5) Soiglgm a5 %) (_\; 8 alo (iigy o %das 5 £ols) O
Slosd 100- seed (&ayo yio 3o ( Har\jest (&30 50 32 £,5) (o o
Treatment weight Biological & ind Seed protein Water use
(9) - Seed yield inaex ield (g m?) L
yield (g m?) (%) y g efficiency
(gm?) (Kgm?)
3, (Variety)
syae (V1) 38.18a 199.28a 61.87a 30.77a 14.61a 0.22a
Joe(V2) 31.08b 168.53b 51.16b 29.89a 10.66b 0.18b
5L Jslxs(Spraying)
Skl 0l (S1) 34.67b 181.66bc 56.62bc 30.21a 12.73abc 0.2bc
Syl anil (S2) 32.28bc 160.76de 48.19cd 30.00a 10.42¢ 0.17cd
eedS 0157 (S3) 33.99b 177.47cd 54.67bcd 30.75a 11.97bc 0.19bcd
Sty sl + Selalls 0! (S4) 35.4b 197.86b 62.5ab 31.02a 14.26ab 0.22ab
S0l + Sl ol (SB) 40.69a 231.1a 67.99a 29.65a 15.05a 0.24a
oS 25+ S5l el (S6) 34.92b 190.36bc 59.83ab 30.86a 13.06ab 0.21ab
(DIl b Jske) ol (S7) 30.46¢ 148.09 48.8d 29.82a 10.42¢ 0.16d

el I sime GBS 08l so 0 O Jlez| mhaws 10 LSD (5031 bl aslie g b sl (gl peSilis ¢ ole o S &y g (y5s 2 0
In each column and separately for each factor, means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid +
Calcium chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control)
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O3l U adS 9 oyizen (Gilliham et al., 2011)
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.(Zarghamnejad et al., 2014)
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Tabel 7. Mean compared of interaction effects of 100- seed weight, biological yield, seed yield, harvest index, seed
protein yield, water use efficiency traits

S ySlos R el gy O ySlos ‘J:J.a.as‘vj)lf
FHISIRS &y < J s . e a; c T
s 0P eSS L st cbley ey el e Sels) of
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Treatment 100- seed T (@430 o )
- Biological Seed vield Harvest Seed protein Water use
weight (g) yield ( ni/_z) index yield efficiency
@m? J (%) @m?) (Kg m?)
e
(V1
Sl 2! (S1) 39.24ab 204.21bcd 64.18ab 31.00a 14.74abed 0.22abc
Sapys8l al (S2) 35.66bc 171.81efg 52.83bcd 30.97a 12.18cdefg 0.18cd
S 2,15 (S3) 38.64ab 197.85cde 62.43abc 31.45a 14.44abcde 0.22abc
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predS 15+ Sl ol (S5) 41.49a 248.53a 71.55a 28.84a 16.81ab 0.26a
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In each column means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid +
Calcium chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control)
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Introduction

Terminal drought stress is one of the important factors reducing the yield of chickpea in rainfed crops in
cold and temperate regions. Chickpea (Cicer arietinum L.) as an important grain legumes due to its special
properties such as nitrogen fixation ability, deep rooting and effective use of rainfall, play an important role
in the stability of crop production in sustainable agriculture (Amiri et al., 2011). In Iran, chickpea cultivation
under cold regions is mainly in spring using stored moisture in the soil and spring rainfall. One of the factors
affecting the yield of dryland chickpeas is water deficiency or teminal drought stress at the end of the season,
which severely reduces the growth and grain yield. The possibility of using some biochemical compounds
such as salicylic acid, calcium chloride and ascorbic acid increases the tolerance of drought stress at the end
of the growth season and reduces the amount of damage and increases grain yield in such conditions. It has
been previously reported that salicylic acid plays an important protective role in the development of
tolerance to environmental stresses (Raskin, 1992). Under drought stress conditions, salicylic acid prevents
the reduction of auxin and cytokinin hormones, increases cell division and improves plant growth by
regulating photosynthetic and chlorophyll processes (Sakhabutdinova et al., 2003: Patel et al., 2012). Also,
ascorbic acid protects and integrates chloroplast membranes, accumulates soluble carbohydrates, and
enhances the normal function of the photosynthetic apparatus by neutralizing superoxide and oxygen free
radicals from stresses. (Shao et al., 2008). It has been reported that the use of ascorbic acid improves
morphological and physiological parameters and increases plant resistance to stress, and by increasing plant
antioxidant capacity, increases photosynthesis and plant growth (Smirnoff, 2011). On the other hand it has
been reported that calcium chloride plays an important role in cell adaptation to abiotic stresses and increases
its antioxidant activity and photosynthesis through its effect on water uptake, root growth and maintenance
of turgor pressure in plant cells (Rab & Haq, 2012).

Materials and Methods

The experiment was carried out in Sararod rainfed agricultural research station, located in the east of
Kermanshah city, at an altitude of 1351 meters above sea level, with a mild cold climate and an average
annual rainfall of 454 mm in 2018-19 growing season. The experimental cultivars were new and improved
cultivars of Kabuli chickpea, named Mansour (V1) and Adel (V2). The experiment was performed as a
factorial experiment in a randomized complete block design with three replications. Foliar application
included salicylic acid (S1), ascorbic acid (S2), calcium chloride (S3), salicylic acid + ascorbic acid (S4),
salicylic acid + calcium chloride (S5), ascorbic acid + calcium chloride (S6) and spraying with water
(S7=control). Foliar application of salicylic acid at a concentration of 1.5 mM, ascorbic acid at a
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concentration of 10 mM and calcium chloride at a concentration of 5 mM. Triton X-100 non-ionic surfactant
with a concentration of 0.01% was used to reduce surface tension. Foliar application was done in two stages:
50% flowering and 50% podding of plants.

Results and Discussion

Results showed that the effect of foliar application on the number of sub-stems, number of seeds per
pod, 100-seed weight, biological yield, grain yield and grain protein yield was significant. The effect of the
compounds used individually was less than their combined use. Grain yield in Mansour cultivar with an
average of 61.87 g.m2 was better than Adel cultivar with an average of 51.16 g.m*. Among foliar treatments,
the most effect on grain yield belonged to salicylic acid + calcium chloride solution with an average of 67.99
and the least effect was the control treatment with an average of 45.80 g m?. In general, the highest grain
yield was obtained for Mansour cultivar with salicylic acid + calcium chloride solution equal to 71.55 g.m™.
The highest percentage of grain protein was also observed in Mansour cultivar with 23.12% and the lowest
percentage of grain protein was observed in Adel cultivar with 20.05%.

Conclusion

According to the results of this experiment, although individual foliar application of salicylic acid,
ascorbic acid or calcium chloride compared to the control (foliar application with water) was effective in
increasing the yield of cultivars, but in Mansour cultivar application of salicylic acid with calcium chloride
or ascorbic acid and in Adel cultivar application of salicylic acid with calcium chloride had the greatest
effect on reducing the adverse effects of drought stress at the end of the growing season, and preventing
reduced yield and economic losses of cultivars.

Keywords: Ascorbic acid: Calcium chloride: Foliar application: Salicylic acid: Terminal drought
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Table 1. Yield and production cost of forage legumes in experimental farms of Gholestan province in different years

__ sadgle 8 Sha (S Skt adgle 3, Sas eSileo G52 33 Jb s3ekea) aelgs 4iz 30
5 Lous (LS 4o 0,85LS) (LS 4o p,85LS) Production cost
Treatments Means of (kg/ha) Means of (kg/ha) (franian million rials/ha)
20172018 2018-2019 _Mean  2017-2018 _ 2018-2019 _ Mean _ 20172018 20182019 Mean
(e o) S5 20130 20990 29560 5980 6250 6115 24.4 28 26.2
Grass pea (Local cultivar)
Sl lidsle 093 33530 31190 32360 6910 5670 6290 263 303 28.3
Fodder green pea of internal
A
gl lbsle 2953 41060 36450 38755 7390 6960 7175 431 496 46.4
Fodder green pea of Pioneer
sl 5 Sl 47640 49870 48755 8120 9030 8575 20.6 237 222
Hairy vetch
il
rere 43060 46270 44665 8390 9070 8730 20.6 23.7 222
Common vetch
Kol Sisle
=P 42240 45360 43800 7800 8380 8090 33 37.9 355
Hungarian vetch
(252 @)L 61910 58420 60165 9530 8430 8980 328 378 353
Faba bean (Barkat cultivar)
ol 43)) 8L
(olats p5)) S, 61330 57930 59630 8770 8230 8500 316 36.4 34
Faba bean (Shadan variety)
(G w38 50990 48070 49530 6940 6760 6850 316 36.4 34
Faba bean (Mahta cultivar)
(28 3)) S0t 50650 48650 49650 6810 6680 6745 325 37.4 35

Faba bean (Feyz cultivar)
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Table 2. Income of fresh forage in experimental farms of Gholestan province in different years

) AL ol (S 55 Jb) gaabse) AL sl o
L 5Lows (LS 5o Jby gl Net income
Treatments Gross income (Iranian million rials/ha) (Iranian million rials/ha)
2017-2018 2018-2019  Mean __ 2017-2018 _ 2018-2019 __ Mean
(e o) S5 1238 150 136.9 99.4 122 110.7
Grass pea (Local cultivar)
> | e 5
S slsle 0520 1425 156 149.2 116.2 125.7 120.9
Fodder green pea of internal
il sledgle 3955 1745 1823 178.4 131.4 132.7 132
Fodder green pea of Pioneer
lados |5 Sile
s> s 2025 249.4 2259 181.9 2257 2038
Hairy vetch
yare Sile 183 231.4 207.2 162.4 207.7 185
Common vetch
iyl Sale 179.5 226.8 203.2 1465 1889 1677
Hungarian vetch
(255 08) 260 263.1 292.1 2776 230.3 2543 2423
Faba bean (Barkat cultivar)
(olsts p2)) S, 260.7 289.7 275.2 229.1 2533 2412
Faba bean (Shadan variety)
e
(b o) 8 216.7 240.4 2285 185.1 204 1045
Faba bean (Mahta cultivar)
(A8 3,) b 2153 2433 2293 182.8 2059 1943

Faba bean (Feyz cultivar)

Goios slaadl sl

Table 3. Income of dry forage in experimental farms of Gholestan province in different years

AL ol (S 53 Jb 5 Ggekeo) IS a5
o sLous (s> 53 Jby gleo) Net income
Treatments Gross income (Iranian million rials/ha) (Iranian million rials/ha)
2017-2018 2018-2019 Mean 2017-2018 2018-2019 Mean
(hee o) S 89.7 105.8 97.8 65.3 77.8 716
Grass pea (Local cultivar)
e o s
S sl 0% 1037 96 99.8 774 65.7 715
Fodder green pea of internal
Al slesle 0553 1109 11738 1143 67.8 68.2 68
Fodder green pea of Pioneer
o s
bz 7 Sl 1218 152.9 1373 1012 1202 1152
Hairy vetch
yne Sibe 1259 1535 1397 1053 1208 1175
Common vetch
Kosil Silo
o 117 141.9 129.4 84 104 94
Hungarian vetch
(e5p o) 8 143 1427 14238 1102 1049 1075
Faba bean (Barkat cultivar)
el 3
(obls 03,) 6t i 131.6 139.3 135.4 100 102.9 101.4
Faba bean (Shadan variety)
(e 3,) 8L . 104.1 114.4 109.3 725 78 75.3
Faba bean (Mahta cultivar)
(ot o) S5, 1022 1131 1076 69.7 75.7 72.7

Faba bean (Feyz cultivar)

385 slaadly (sl
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o Jsame ol oy o ISl by Ko il 4 oS
g9 003l 0yl ol p el a Ceraie JL, YIF 5 OV Cu S
= O Jyame onl Sz g gadgle wlgi (gl 0aiis gl
3AY iy Jaama ol syt by e sl 45 s
000591 g 4 30 033L duo )0 10,18 ol ped Ay dgas Aoy VV/E
a5 e e LA Jgazme (pl St g gadsle g ol
s e Jgame (nl ol lp e Bro Jb, SO )
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Table 4. Means of Net Present Value of forage legumes in experimental farms of Gholestan province in different years
unit: Iranian million rials/ha

5 adgle i sl
fresh forage dry forage
O35l oasilee 3l oeSilee 3l eSilee 3l oeSilee O30l Silee
bt wrsh S ol 3 GigiS o35 GigiS o35 GigiS oy GigiS
Treatments Means of present AL AL AL AL
value of cost Means of Means of Means of Means of
present value of  presentvalue of  present value of  present value of
Gross income Net income Gross income Net income
(hee o) 5 286 149.3 1206 106.7 78.1
Grass pea (Local cultivar)
e N
(S ledsle 2% 30.9 1635 1325 110.2 79.3
Fodder green pea of internal
ool clad .
sl slesle 0525 50.7 195.8 145.2 125.4 748
Fodder green pea of Pioneer
sledsz 7 Sile 24.2 246.2 2219 1495 1253
Hairy vetch
Sle
Sy 24.2 2255 2013 1523 1281
Common vetch
gl Ssbo
. 388 221.1 1824 141.1 1024
Hungarian vetch
. 3560
(o5 o8) St . 38.6 303.9 265.3 157.1 1185
Faba bean (Barkat cultivar)
oLt 5. 6L
(oloks v3,) S0t . 37.2 301.2 264.1 148.6 1114
Faba bean (Shadan variety)
ter 5 YL
(Lo 3,) S . 37.2 250.2 213 119.7 82.5
Faba bean (Mahta cultivar)
(Lo o3,) Sl 38.2 250.8 2126 117.8 79.6

Faba bean (Feyz cultivar)

uio slaasdly 155 Le

Y



VoV-TYe amino P Jlo (Y65l Y (6530) Sl /o330 ©lga> S92 /... 63LaxB s lio 141,50 g (el

LS sl 53 (gladsle slapaR) (5135 e Lo pus 033l 3 (5398 033l oy ey 38 a3 oyl G (il B S
Table 5. Means of Benefit cost ratio and the percentage of sale return and investment return of forage legumes of

Gholestan province

Fadgle s adgle
fresh forage dry forage
GO _ L)
LSS <. . S leo
R oH ko bl b ylos ) RN ot bl 1 ylos
oo ol o WMo il ilaoys el ew SO ibaogs 233k ey & ool oo
Treatments =3 X oPgyd sl FERTS sap “iip 4 onsld ey M&{P . Loz
Means  Meansofthe  pjeans of Ranking of Means of Means of eflhns ? Ranking of
of percent of the percent treatment Benefit cost the percent € t
] le ret : percent of reatment
Benefit sale return of cost based on ratio of sale cost based on
cost ratio return Benefit cost return return Benefit cost
ratio ratio
Grass pea (Local 5.2 80.9 3225 9 3.7 73.2 173.3 5
cultivar)
s sladsle vg5u
Fodder green pea 5.3 81 327.2 8 3.6 71.6 152.6 6
of internal
nly sladgle sex
Fodder green pea 3.9 74 184.5 10 2.5 59.5 46.5 10
of Pioneer
lasgs 5 Sile
shas 102 90.2 818 1 6.2 83.9 418.9 2
Hairy vetch
Sile
oo 9.3 89.3 733.3 2 6.3 84.1 4203 1
Common vetch
Bsl Sl 5.7 82.6 372.4 7 3.6 726 164.8 7
Hungarian vetch
(C*‘S)f rv-s)) L
Faba bean (Barkat 7.9 87.3 586.4 4 4.1 75.3 204.5 3
cultivar)
(ohle 13,) YL
Faba bean (Shadan 8.1 87.6 609.4 3 4 74.9 198.2 4
variety)
(Lo 03)) YL
Faba bean (Mahta 6.7 85.1 4721 5 3.2 68.9 1215 8
cultivar)
(i 03,) S,
Faba bean (Feyz 6.6 84.8 455.1 6 31 67.5 107.7 9
cultivar)

§pio0 glaadly (sl

0555 L8| udgh an e (1SSl LS 0 b (gekee YOO
J Oseden TPIT 5 YAIY (ol ey ()15 5 (5o (gladsle
o > 5 Ly 15 L5 1 w5 i o SR 0
eSile ol 8591 LSy by eelee YEIV o YFIF S
S adgle 5 slait IS Bl pasgle (Al g 23
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uL_.,..; as o 0)51)_3 S5 )'| s u...:Lo)T Lglm)Lo.;.S GaLd
adlaio ;0 wyp 350 lapss) CuiS ogsolaidl cains

S 25 AT

el HlndS gl oo o ol lCawdds ms b

YVF



VoV-TYe amino P Jlo (Y65l Y (6530) Sl /o330 ©lga> S92 /... 63LaxB s lio 141,50 g (el

JUs pgadee :umlg talizen b )lowd 50 (32 (gusazdgr g 3l Jol> i -7 Jgua

Table 6. Results due to Parsial Budgeting methid in different treatments unit: Iranian million rials

Fadgle Slis adgle
JCJOUES RN 4 PN fresh forage dry forage
ST Oyl (2o Oy el AL @il
sladsle Jpazmo «5"’)5"[’ s o el 31 b el o Sl A Zélio 51 ol wal o o
Replacement corIT;pr)]?rlson of forage Means of Sl (Bi+ Cy) - (Ci + s ami TR (Bi +Cy) - i) ases
p change cost Means of By Results of select Means of (Ci+By) Results of
due to change income Net income of change Net income select
replacement due to trearment income due to of
replacement replacement trearment
b oL 2.1 123 10.2 S 25 2 01 A
Grass pea with green pea of interna pea of internal ' Grass pea
).uyb et . 20.2 415 21.3 ik _ay.d 16.5 -3.7 *
Grass pea with pea of pioneer pea of pioneer Grass pea
Glasss 5 sl b s 4 89 93 lasgs 5 Sale 395 435 Glasgs IS Sake
Grass pea with Hairy vetch Hairy vetch ' ' Hairy vetch
e S L 4 703 743 e Sk 419 459 yane Sl
Grass pea with Common vetch ' Common vetch ' ' Common vetch
Sgily Sisbe
Sl Sale b L CRRIE SN e
=l g 93 66.3 57 = 31.6 22.3 Hungarian
Grass pea with Hungarian vetch Hungarian vetch vetch
. 5 . oS p L S oL
=S 5 Sl L ”
. 9.1 140.7 131.6 45 35.9
Grass pea with Faba bean of Barkat Faba bean of Faba bean of
Barkat Barkat
. . . -Jolss 53&[; ol 6%LJ
Ol L L s ° °©
. 7.8 138.3 130.5 37.6 29.8
Grass pea with Faba bean of Shadan Faba bean of Faba bean of
Shadan Shadan
. . . Lo (6DBL Lo (6L
Lige BL L >
) 78 91.6 83.8 Faba bean of 115 3.7 Faba bean of
Grass pea with Faba bean of Mahta) Mahta Mahta
s . oad L oA (L
ot L L
. 8.8 92.4 83.6 9.8 1
Grass pea with Faba bean of Feyz Faba bean of Faba bean of
Feyz Feyz
inl 993
R s s
sl 95 L SISl 25 181 202 111 pea of pioneer 145 36 Sl1s 25
pea of internal with pea of pioneer pea of internal
Sladgs 5 Sala b L5l sy 61 6.7 828 lasgs 5 Sale 375 136 Glasg 5 Sile
pea of internal with Hairy vetch ' ' ' Hairy vetch ' ' Hairy vetch
o B b Gl 0% 6.1 58 64.1 gme Sl 39.9 46 e Sl
pea of internal with Common vetch ' ’ Common vetch ' Common vetch
0 e . . e gl Solo
Bl Sl S 05 7.2 54 468 Besl Sl 20.6 224 ari
. . . . . . . - Hungarian
pea of internal with Hungarian vetch Hungarian vetch vetch
T R S L =Sy &L
pea of internal with Faba bean of 7 128.4 121.4 Faba bean of 43 36 Faba bean of
Barkat Barkat Barkat
ool (BL L (Jls sg5u Ol (L Ol oML
pea of internal with Faba bean of 5.7 126 120.3 Faba bean of 35.6 29.9 Faba bean of
Shadan Shadan Shadan
g (OB L s o550 Lige (£l Lige (£l
pea of internal with Faba bean of 5.7 79.3 73.6 Faba bean of 9.5 3.8 Faba bean of
Mahta Mahta Mahta
b S0 L (L5l 55 b L b S0,
pea of internal with Faba bean of 6.7 80.1 73.4 Faba bean of 78 11 Faba bean of
Feyz Feyz Feyz
sladgr 5 Sl b gl 093 242 475 717 sladgs IS Sale 23 472 sl J8 Sale
pea of pioneer with Hairy vetch ' ' ' Hairy vetch ' Hairy vetch
rore Sile b iy 0570 242 28.8 53 yone SiLe 25.4 496 Jyore Sl

pea of pioneer with Common vetch

ARIA

Common vetch

Common vetch
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gl 2o L il o5 sl Sale gl il
. ) . S -10.9 24.8 35.7 N 15.1 26 Hunganan
pea of pioneer with Hungarian vetch Hungarian vetch vetch
S ML L pnly v S XL S p L
pea of pioneer with Faba bean of -111 99.2 1103 Faba bean of 285 39.6 Faba bean of
Barkat Barkat Barkat
Ol L L il 355 ool L, oLy L
pea of pioneer with Faba bean of -12.4 96.8 109.2 Faba bean of 211 335 Faba bean of
Shadan Shadan Shadan
Lge SL L 0y 3959 Lige 5DBL L 5DBL
pea of pioneer with Faba bean of -12.4 50.1 62.5 Faba bean of -5 74 Faba bean of
Mahta Mahta Mahta
b ML L gl 0e5s oAb L A L
pea of pioneer with Faba bean of -11.4 50.9 62.3 Faba bean of -6.7 47 Faba bean of
Feyz Feyz Feyz
yane S L sledr S5 Sl 0 18.7 187 gleds 5 il 24 24 Jyene Sile
Hairy vetch with Common vetch Hairy vetch Common vetch
Sy S b sladyr 7 S 133 227 36 sty Sole 7.9 212 sl J7 Sl
Hairy vetch with Hungarian vetch Hungarian vetch Hairy vetch
B . e e oS p L s e s
SR b i S Sok 131 51.7 386 Faba bean of 5.5 76 sl Jr Sl
Hairy vetch with Faba bean of Barkat Barkat Hairy vetch
ool (ML b (sladgs 5 Sals Obls (L s Ess
Hairy vetch with Faba bean of 11.8 49.3 375 Faba bean of -1.9 -137 “SIM.P“K Sk
Shadan Shadan Hairy vetch
| B ohbghas g el 118 26 9.2 ledss 5 il 28 3038 ledss J5 il
Hairy vetch with Faba bean of Mahta Hairy vetch Hairy vetch
oAbkl sl il 12.8 34 9.4 gled 7 il -20.7 425 led J7 Sl
Hairy vetch with Faba bean of Feyz Hairy vetch Hairy vetch
il Sl b Jyons Silo 133 4 173 sl Sl 103 236 ymre Sl
Common vetch with Hungarian vetch Hungarian vetch Common vetch
S 5 L L Jgone Sile oS 5 oL yone Sl
Common vetch with Faba bean of 13.1 70.4 57.3 Faba bean of 31 -10 c -t h
Barkat Barkat ommon vetc
Olels (OBL L Jeens il Olsls (L o il
Common vetch with Faba bean of 11.8 68 56.2 Faba bean of -4.3 -16.1 c -t
ommon vetch
Shadan Shadan
Lo DL L (Jgare Silo Lo (6DBL Jsoe Sike
Common vetch with Faba bean of 11.8 213 9.5 Faba bean of -30.4 -42.2 Comsr;:n vetch
Mahta Mahta
oAb ML L Jgome Sl A ML Syene Sible
Common vetch with Faba bean of 12.8 221 9.3 Faba bean of -32.1 -44.9 -t
Feyz Feyz Common vetch
8 ML L G550 Sale S L oS L
Hungarian vetch with Faba bean of 0.2 74.4 74.6 Faba bean of 134 13.6 Faba bean of
Barkat Barkat Barkat
Sl L L gl Sl oble L obly L
Hungarian vetch with Faba bean of -1.5 72 73.5 Faba bean of 6 7.5 Faba bean of
Shadan Shadan Shadan
g (5301 L il Sile FOPNE Sl ik
Hungarian vetch with Faba bean of -1.5 253 23.8 Faba bean of -20.1 -18.6 Hungarian
Mahta Mahta vetch
oad ML L G5k Sale oAb L gl Sale
Hungarian vetch with Faba bean of -0.5 26.1 26.6 Faba bean of 218 -21.3 Hungarian
Feyz Feyz vetch
olsls ML L &S XL S p L S p oL
Faba bean of Barkat with Faba bean -1.3 2.4 -1.1 Faba bean of -1.4 6.1 Faba bean of
of Shadan Barkat Barkat
Lo (L L =S (530 S 1 b S 5 Sl
Faba bean of Barkat with Faba bean -1.3 -49.1 -47.8 Faba bean of -33.5 -32.2 Faba bean of
of Mahta Barkat Barkat
oad ML L oS (DL S p L SR LY
Faba bean of Barkat with Faba bean 0.3 -48.3 -48 Faba bean of -35.2 -34.9 Faba bean of
of Feyz Barkat Barkat
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o Jyene Sile COMmon vetch of Zanjan ol slasys J5 Sl Hairy vetch of Zanjan 2
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(o= 03,) 1> Grass pea (Local cultivar) s o8, 3L Faba bean of Feyz cultivar 9
b ldgle 5455 Fodder green pea of Pioneer nb sldgle 5455 Fodder green pea of Pioneer 10
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Introduction
Legumes are the main source of protein in developing countries, so that its protein content is about twice
that of cereals and a cheap source of protein of good quality and a good supplement to cereal protein. These
plants are very important in low-input agricultural systems and have a special place in the rotation of some
agricultural systems in the world, especially in arid areas, and play a significant role in food production in
these countries.

Materials and Methods

In order to economical comparison of different cultivars production forage legumes and selecting of
suitable legume, this research carried out in 2018 and 2019 in Golestan province. In this research, for
determination of legumes quantity yield, randomized complete block design in three replications and for
economic assessment used partial budgeting method, benefit cost ratio, the percent of sale return and the
percent of cost return was used. Forage legumes including four cultivars of faba bean (Barkat, Feyz, Shadan
and Mahta cultivars), grass pea (local cultivar), three cultivars of vetch (common, hairy and hungarian
cultivars) and two cultivars of fodder green pea (internal and Pioneer cultivars) were evaluated in terms of
guantitative traits of fresh, dry forage yield. In the partial budgeting method, the following calculations are
required to decide on the choice of the most economical treatment among the different treatments in the form
of a pilot project:

A) Calculating the benefits of performing different treatments: (Bi + C1)

1- Increase of income: Calculation of increase of income that is obtained as a result of the
implementation of the new treatment (Bi).

2- Reduction of costs: Calculation of the cost of the control treatment, which will no longer be necessary
due to the implementation of the rival treatment (C1).

B) Calculation of the cost of different treatments: (Ci + B1)

Increase of expenses: calculation of costs that result from the implementation of the new treatment (Ci).

Income reduction: Calculation of income related to the control treatment that is lost due to the
implementation of the competitor treatment (B1).
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If the benefits of the treatment in question are more than its costs or in other words (Bi + C1)> (Ci +
B1), it shows that the study is more economically profitable than the control treatment and Otherwise, the
control treatment will be superior to the desired treatment. In order to select the best treatment from the
studied treatments and rank the treatments, it is possible to act based on the amount of net benefits of the
treatment or based on the ratio of benefit to cost of different treatments. In economic context, usually when
the results of a project are related to different years, it is not possible to sum up the projected results of costs /
revenues directly, but first the time value of money at the deposit rate. Banks should be determined at present
value and then net present value (NPV) and cost-benefit ratio as profitability indicators. For this purpose,
was used engineering economics creteria.

Results and Discussion

According to the results, the yield of fresh forage production of hairy vetch variety and dry forage
production of common vetch variety was estimated 48755 and 8730 kg/ha, respectively, in target regions.
The mean of production cost of domestic and external vetch was estimated 22.2 and 35.5 Iranian million
rials/ha, respectively. The mean of production cost of internal and external of fodder green pea was estimated
as 28.3 and 46.4 Iranian million rials/ha, respectively. The mean of production cost of domestic of faba bean
and grass pea was estimated as 34.6 and 26.2 Iranian million rials/ha, respectively. The mean of net present
value of the fresh forage production of hairy vetch and dry forage production of common vetch was
estimated as 221.9 and 128.1 Iranian million rials/ha, respectively, that is more than others forage legumes.
The mean of benefit cost ratio of the fresh forage production of hairy vetch and dry forage production of
common vetch was estimated 10.2 and 6.3 unit, respectively. The mean of sale return of the fresh forage
production of hairy vetch and dry forage production of common vetch was estimated 90.2 and 84.1 percent,
respectively.

Coclusion

In generally, economic results show that, due to low production costs and higher profitability, the fresh
forage production of hairy vetch variety and dry forage production of common vetch variety were
recommended to target region

Keywords: Forage plants: Gorgan: Partial Budgeting: Profitability
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