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Code number and origin of 100 oilseed sunflower genotypes evaluated in limited irrigation experiment.Table 1

o oY el sgS el (Sl Sl wS oY el s ol (FUdad 35y b
Code Line name Country  Resarch Centre Code Line name Country  Resarch Centre
1 H100A/83HR4 Al ASGROW 51 H250A/83HR4 Al ASGROW

2 H209A/L.C1064 4l ASGROW 52 RHA265 % USDA

3 H205A/H543R 4l ASGROW 53 PM1-3 % USDA

4 AS5306 4l ENSAT 54 RT948 Al RUSTICA
5 RHAB858 | USDA 55 283-ENSAT - -

6 H209A/83HR4 4l ASGROW 56 QHP-1 Al INRAMONT
7 AS3211 audilyd ENSAT 57 SDR19 L% USDA

8 254-ENSAT ail 3 ENSAT 58 HA337B S ! USDA

9 AS5304 Al ASGROW 59 H100B Al ASGROW
10 1009329.2(100K) adlp ENSAT 60 B454/03 s oo -

11 270-ENSAT ail 3 ENSAT 61 HA304 S ! USDA
12 AS613 adlp ASGROW 62 RT931 wlp RUSTICA
13 A-FLPOPA ail 3 NOVARTIS 63 HA335B S ! USDA
14 OES Al INRAMONT 64 NS_BS Al NOVARTIS
15 H100A/LC1064 ail 3 ASGROW 65 SDB3 S ! USDA
16 RHA266 G ! USDA 66 LC1064C audl,s ASGROW
17 PAC2 4l ENSAT 67 NS-R5 Al NOVARTIS
18 H157/LC1064 ail 3 ASGROW 68 DM-2 S ! USDA
19 5DES20QR Al BRN 69 H156A/RHA274 Al ASGROW
20 15038 ail 3 ENSAT 70 SDB1 S ! USDA
21 1009337(100K) Al ENSAT 71 HAR-4 ! USDA
22 AS3232 audlyg ASGROW 72 AS5305 audl,e ASGROW
23 12AASB3 Al ASGROW 73 RHA274 Sl

24 8ASB2 ail ASGROW 74 H158A/H543R ausl ASGROW
25 9CSA3 ail sCeamu:;?:%es 75 H100A/RHA274 asl ASGROW
26 HO49+FSB b 76 H209A/H566R ail ASGROW
27 SSD-580 ail ASGROW 77 ASO-1-POP-A ausl ENSAT
28 5AS'FF1£'/°‘£EF§'2°‘S'29' il p ASGROW 78 AS6305 andl ENSAT
29 7CR1=PRH6 ail CF 79 B-FIPOPB ausl NOVARTIS
30 ENSAT699 ail ENSAT 80 D34 C% USDA
31 SSD-581 ail ASGROW 81 CAY ausl ENSAT
32 TMB-51 ails INRAMONT 82 346 Sl SPII

33 11*12 Ol SPII 83 NS-F1-As*Rs auil NOVARTIS
34 110 Ol SPII 84 36 Sl SPII

35 HB03R ails INRAMONT 85 38 Sl SPII

36 4 Ol SPII 86 SDB2 asl INRAMONT
37 703-CHLORINA ails ENSAT 87 H158A/LC1064

38 NSF1-A*Rs ails NOVARTIS 88 H156A/H543R auil ASGROW
39 28 Ol SPII 89 H543R/H543R auil ASGROW
40 30 ol SPII 90 H543R wlp -

41 F1250/03 ol lxe 91 SF076 auil ENSAT
42 SDR18 | USDA 92 B-FIPOPB

43 LP-SCYB auil B ENSAT 93 SF085 Al ENSAT
44 803-1 L IFVC 94 SF092 - -

45 1009370-1(100K) adilyd ENSAT 95 A-CONTROLPLASTIPIC

46 CSWW2S il p sceﬁ;ac%i 96 59-1 Sl SPII

47 1009370-3(100K) adilyd ENSAT 97 H-100A-90RL8

48 H158A/H543R adilyd ASGROW 98 SF109 audl,é ENSAT
49 H100A audlyg ASGROW 99 SF105 audl,é ENSAT
50 15031 audlyg ASGROW 100 SF-023 - -
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Table 2- Sequence of REMAP primers used in the preparation of molecular profile of oilseed sunflower genotypes
0935 5955 s S5 S S ol ool T sla 5527 S¥
Retrotransposon primers Sequence (5'— 3") ISSR primers Sequence (5'— 3")
1061 LTR AGAGGGGAATGTGGGGGTTTCC UBC-818 CACACACACACACACAG
1062 LTR TCTCTATTTATAGCCGGAGAGGTG UBC-826 ACACACACACACACACAC
1063 LTR GATCCGGTTTCACGGGACTTAC UBC-840 GAGAGAGAGAGAGAGAYT
1064 LTR CGAAGAACAAACCGAATCACC UBC-857 ACACACACACACACACYG
1065 LTR AGCCTCTGAAAGACTCGTTCG Al13 GTGTGTGTGTGTCC
CF GGTTTAGGTTCGTAATCCTCCGCG UBC-812 GAGAGAGAGAGAGAGAA
CR ACAGACACCAGTGGCACCAAC UBC-864 ATGATGATGATGATGATG
UF(U8L) TAACGGTGTTCTGTTTTGCAGG UBC-880 GGAGAGGAGAGGAGA
UR1(U82) AGAGGGGAATGTGGGGGTTTCC
@l Sl by o loog S o dra 0,0 5 09,5 (90 Cou g s
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9u9.al_w ua>l_w ‘&_515—““‘-‘-" d—o,0 ‘05;)@&5)& ul.u).a
AUV FOIF+) i3 an Lang 5 5 S j £555 oy
CIOYY ASIFY FVNAY) sl 09,5 sl (+/FVY o/E50
Gl CIVYA IFAD & VAYVE) 5 pgo 09,5 sy (+/F50
O 9 L 9° 03 ML?LA PhlPT )‘M.A A .))5—‘).1 P o 05;
P93 9 sl 095 ln i 4a oab ploxl slagaineg 5
(’/’9‘1) Pj—mbﬁsé 09; ('/"\Y‘) r:g...ubJs‘ 05; (’/\'(b)

og,S o o cme BT 3925 pis dufe 4T b 3,90 »

S92

iS5 S VY 0as eoliul 6,55] oS 5 can

£55 o b okl dws o3lal ik bl (sl a8 oy
laSLis sl (SSbaiz v 5 pls (s (5 (S5
20,5 3,91 7AV/AF o +/FAF8 YYD o5 5w addllas 0,90
Gai0g)5 09,8 T )0 locs) (sla—Bo> apad i 4l »
VW X0 Jald a5 pgms 9 p90 Jgl 09,5 () JS8) wind
lalecsiss ol 0,5 po lacais o i3 Ve g
ol sla s s s a3 s og gl oLdlan bls
SIS A FYIo 8 )5 4 mgms g 30 <3l o dus ols i
Iy Slss JS 51 oo 0 VAITY ggamme ;0 g 9oy VY/NA
o 908 ol slo o & a5 (¥ JS0) 9SS on (o
2ol onl 48038 50 lime sloog S 50 Lacadiosy JulS S5
5 boaisis o YU soisliugs Ly, 392 51 lois Yiazs|
bl )9 sloaaisl BlSS s ;0 S i szl gl

s Jlae )0 ) ol las JeSdse il )lg 4 5o .ol

REMAP (5,551 oS 5 ¥ wlwly Neighbor Joining g, 45 axdllas & yg0 Sy 4l oyl y5ubdl alido (sl gif pl 59,000 ) JSis

Figure 1- Neighbor Joining dendrogram of different oilseed sunflower genotypes based on 7 REMAP primer combinations

IRestriction fragment length polymorphism
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Figure 2- The results of the grouping of oilseed sunflower genotypes based on two vectors obtained from the analysis of the main

vector on REMAP marker data. A show the first group, B show the second group, and C show the third group.
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Table 4- The results of molecular analysis of variance for studied oilseed sunflower genotypes based on REMAP markers

Ol i g Ol yo (uSilso oibolg 2591 oilbylg aweyo
Source of variation Mean squares Variance estimation Percentage of variance
09,5 O 9
77.323 2.193 /
Among group
09,5 09> .
T 22.076 22.076 91/
Within group
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Figure 3- (A) Survey of Delta K changes. (B) Cluster analysis using Bayesian model for 78 studied oilseed sunflower genotypes based
on 120 REMAP markers (K=3).
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Figure 4- The bar plot of the linkage disequiblirum created by TASSEL software; The upper part of the diameter shows the level of

linkage disequilibrium based on the D' statistic and the lower part of the diameter shows the P-value.
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Table S- REMAP markers related with traits evaluated in studied oilseed sunflower genotypes under normal irrigation conditions
based on MLM model

P-value P-value
Character Marker Character Marker
WL 5, als s, slye
. 648183 0.0040 . 6181810 0.0079
Day to flowering Seed oil content
S o Jsb ol gl
. Cf8263 0.0087 . 648264 0.0049
Petiole length Plant height
S 5ol Cf8268 0.0053 Sl o g
. Cf8185 0.0067
Number of leaves 638263 0.0068 Leaf relative water content
Sy o sl jlad
. 658268 0.0055 . 658263 0.0040
Leaf width Stem diameter
als o,Sles
. 658268 0.0084
Seed yield

IMarker assisted selection
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Table 6- REMAP markers related with evaluated traits in studied oilseed sunflower genotypes under limited irrigation conditions
based on MLM model

P-value P-value
Character Mrker Character Maeker
Jed9 IS (sl 648408 0.0048 Sy ol 638263 0.0038
Chlorophyll 638267 0.0048 Number of leaves
content
Srdsb Cf8267 0.0074 als e, lyime Cf8181 0.0044
Leaf length Seed oil content 6181810 0.0058
Spee 638263 0.0067 wlo 5 Sles 658268 0.0091
Leaf width 658268 0.0077 Seed yield
Cf8267 0.0096
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Abstract

Introduction: Sunflower (Helianthus annuus L.) is one of the most valuable agricultural products,
mainly cultivated for edible oil. As an oilseed plant, the sunflower has the fifth place in the world
after soybeans, rapeseed, cotton and peanut. Due to climatic changes, reduction of water received
from rains and incorrect management of water consumption, the crop production experienced severe
drought stress during the growth period which causes the fluctuation and decrease of the product.
Considering the importance of studying and selecting cultivars tolerant to abiotic stresses such as
drought stress, investigating the genetic diversity for adaptive responses in sunflower cultivars and
genotypes, as well as identifying QTLs are necessary for breeding programs. The aim of this study
is to investigate genetic diversity and identify markers related to drought tolerance in the inbred lines
population of oilseed sunflower using the REAMP (retrotransposon microsatellite amplified
polymorphism) markers.

Materials and Methods: In the present research, the genetic diversity of an oilseed sunflower
population including 100 inbred lines was evaluated in terms of morpho-physiological traits using a
10x10 simple lattice design with two replications under two normal and limited irrigation conditions
during two consecutive years. Different morpho-physiological traits were measured under both
conditions. DNA extraction was done from 78 lines out of 100 investigated genotypes by CTAB
method. Then, in order to evaluate the quality and quantity of extracted DNA, 1% agarose gel
electrophoresis and spectrophotometry were used. The molecular profile of genotypes was prepared
using 7 REAMP primers combinations. Based on molecular data and Neighbor Joining algorithm in
DARWiIn 6.0.21 software the studied genotypes were grouped in three groups. Cluster and population
structure analyses as well as analysis of molecular variance were performed with GenAlEx and
Structure 2.3.3. The number of possible sub-populations (optimal K) was determined based on the
delta K (AK) method. For optimal K, the Qst matrix was calculated. Using mixed linear model (MLM)
related to Q + K matrices (matrix of population structure coefficients + matrix of kinship relations)
molecular markers associated with studied morpho-physiological traits were identified.

Results and Discussion: Based on the results of cluster analysis, the genotypes were grouped into 3
groups. Each group included genotypes from different geographical areas. The results of principal
component analysis showed that the first three components explain 71.32% of the total changes.
Principal coordinate analysis was not able to completely separate the genotypes into separate groups.
Molecular analysis of variance showed that 91% of the variation are within group and the rest 9% are
between the groups, which indicates high genetic diversity within the groups. According to the mixed
linear model, totally 20 molecular markers showed a significant relationship (P<0.01) with the studied
morpho-physiological traits under both normal and limited irrigation conditions. “6181810”” marker
with oil content and "cf8267" marker with two leaf length and leaf width traits showed a significant
relationship (P<0.01) under limited irrigation conditions. “658268” marker showed a significant
relationship with yield and leaf width traits under both normal and limited irrigation conditions.



031y s 9y0 9 55! Y5

Observing the relationship between one marker and several traits can be derived from the effects of
pleiotropy or the linkage of genomic regions involved in the control of these traits.

Conclusion: The results obtained from this study present valuable information on the genetic basis
of studied traits that can be used for breeding and developing high performance varieties in sunflower.
In this research some common markers were identified. Identification of markers that showed linkage
with several traits in both conditions, such as “658268” and “cf8267”” markers, are more important in
the breeding program due to the possibility of simultaneous breeding of several traits.

Keywords: Association analysis, Drought stress, Retrotransposon based molecular markers
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Figure 1- Designed method of intercropping and monocropping
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Figure 2- Effect of Rhizobium bacteria, Mycorrhiza fungus and intercropping and monocropping of beans and maize on LER
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Table 2- Analysis of variance for Properties of maize and beans

B sl S : S als oluey 8
W 5 Sdos S Syl ke peR s
0 Legalds Logd G5 PYPYRRY (M) 240 S M o CIPRE 5
o gl g g ailo o Sdos Lugd So5glom gy 29! op 2 258l a Dy P, Sy
&Ll grain yield of Biological Numberof  Leaf L Biological Number of  Leaf
S.0.v . Grainyield | The number
D.f beans Yield of  pods per chlorophyll of i yield of grain per ear chlorophyll
of maize . rows per ear .
beans plant beans maize row of maize
s
E;I " 1706.08™ ™769296  11.28™ 0.24™ 444869 69626875 312 29.07 0.20™
OCl
] 2 16109283 435175  10837¢ 34327 25271 49199511°  15° 51777 2175
Planting system
P93 *577918  * - ns 14920888 . -
o 1 3895881 541 001" 21519438 ™ 15 114™ 329
Rhizobuim
bostls - * 4584903 - - - -
. 1 3.26™ 1507208  0.0009 ™ 046™ 57763276 234 99.02 6.26
Mycorrhizal
9297 ns s B 50.69 ** s ns ns ns =
2 700 9314.1 0.357 - 751933 474609  0.0001 2552 0.005
Planting system
x Rhizobuim
bl *137637 - © 1069 -
2 1507208 135 - 78141.96™ ™ 109755 0.093™ 421 1.60
Planting system

x Mycorrhizal
1525950ke x pomg3s
Rhizobuimx 1 1558917 787133 150" 042" ~185663  ™491033 493" 7089°  0077™
Mycorrhizal
I525950ke X p5m932
Planting system 2 620913 150350" 6™ 44887 G097 ™0426069  0.85™ 7089 187"
x Rhizobuimx

Mycorrhizal
Uas
E 12 15852 267714 16.3 0.85 529679 5635541 0.321 1157 0.27
rror

74 1354 20.73 5.39 10.43 111 3.90 10.16 371
CV (%)

AR YA Y SR P eP R NS PO YR
ns, * and **: Non significant, significant at 5% and 1% levels, respectively
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Table 3- Mean comparisons of main effects of planting system, bacteria and mycorrhiza on grain yield and biomass

o 1o Lugd &ils & Slos Lugd SO 5edgm o ySlos ©yd dils o, Slos Oy SO 59l g 0 ySlos
5ot
Treatments Grain yield of beans Biological yield of beans Grain yield of maize Biological yield of maize
(Kg/ha) (Kg/ha) (Kg/ha) (Kg/ha)
Planting system
Alls s
. 1958 a 4344 a 6940 a 19938 b
Monocropping
Llses s
. 1440 b 3292 b 7005 a 22801a
Intercropping
P99
Rhizobium
1550 b 3415b 6184 b 20423 a
Control
Foeins 1847 a 4221a 7761 a 22316 a
Rhizobium
15255
Mycorrhiza
1698 a 4069 a 6535 b 19818 b
Control
‘A
’“”i"“’_ 1699 a 3568 b 7409 a 22021 a
Mycorrhiza

cail ol o sire Sglis slls woye it Jleiml mhaws [0 (Sl ae3] Gelul 1 S e By, (gl sla Sl
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 4- Mean comparisons of main effects of planting system, mycorrhiza and rhizobium on yield components and leaf chlorophyll

IO 93 sy Slasi Ik Giys y3 ls Sl S 5 s i
. . . gy jo BME olasy
L)l =] [ (Mg/g leaf fresh weight) Leaf chlorophyll
Number of pods per w .
Treatments The number rows  Number of grain per plant 9! ©)°
per ear of maize ear row of maize Beans Maize
Planting system
Al s
. 142b 304b 215a 18.3a 13.0b
Monocropping
Ll 2iS
. 147a 33.3a 17.2b 155b 149a
Intercropping
P97
Rhizobium
142D 32.1a 146 b 171a 136D
Control
P99
. 147a 316a 241a 17.1a 144a
Rhizobium
152595
Myecorrhiza
141b 29.7Db 19.3a 17.0a 135D
Control
152550
. 1l48a 339a 19.3a 17.2a 1l45a
Mycorrhiza

cail ol o sire Dglss glls s ye gty Jleisl mhaw [0 (Sl ge3T ell 1 S i g (sl sl il
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 5- Mean comparisons of the dual interaction effects of planting system, bacteria and mycorrhiza on grain yield and biomass

Lag o o, as o) Slomr opXas 5 i o Shes @55 Sy 5glgn 0 yKhos

Slosd Grain yield of Biological yield of . . . . . .
Grain yield of maize Biological yield of maize
Treatments beans beans
(Kg/ha) (Kg/ha)
(Kg/ha) (Kg/ha)
a8 P99
Planting system Rhizobium
A cws dall
. 1815.b 3921 b 5975 b 18851 b
Monocropping Control
P97
o 2101 a 4767 a 7905 a 21026 a
Rhizobium
Ll coas aals
. 1286 d 2909 ¢ 6393 b 21995 a
Intercropping Control
P97
o 1593 ¢ 3676 b 7616 a 23608 a
Rhizobium
DR . ‘;‘1)5:‘:-“ E)lé
Planting system Mycorrhiza
A s aald
. 2033 a 4344 a 6560 b 18319 ¢
Monocropping Control
1525500
. 1823 a 4344 a 7320 ab 21557 ab
Mycorrhiza
bl cuis Qall
. 1516 b 3794 a 6510 ab 21318 b
Intercropping Control
15255500 )8
] 1364 b 2791c 7499 a 24285 a
Mycorrhiza
15258500 X pomg3e s
Rhizobuimx Mycorrhiza
Jals
1295d 3485 b 5835 ¢ 18729 ¢
Control
15255500
. 1806 b 3346 b 6533 bc 22117 a
mycorrhiz
P97
o 2102 a 4653 a 7236 b 20908 ab
Rhizobium
X PgR93)
'.
”95“ 1593 ¢ 3789 b 8286 a 23725a
Rhizobuimx
Mycorrhiza

cail sod o ire gl slls duoyo gty Jleizl mhaw [0 (Sl ae3] Gelusl 1 S e By (gl sla . Silee

Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 6- Mean comparisons of the dual interaction effects of planting system, bacteria and mycorrhiza on yield components and

leaf chlorophyll
G0y ol 50 &l dlawy SE Sl St ek
30 B oluws
— @yd ISk ye @3 IS s,y i (Mg/g leaf Leaf chlorophyll
I ' fresh weight)
The number Number of
Treatments Number of W .
rows per ear grain per ear 229} bl
. . pods per plant X
of maize row of maize Beans Maize
S P99
Planting system Rhizobium
el
140b 29.6 b 156b 16.9b 12.6d
Al s Control
monocropping P59
Rhizobium 14.5 ab 31.2ab 223a 19.7a 13.4c¢
ol
145ab 346 a 12.6b 174D 145b
Lyl oS Control
Intercropping P93t
o 155a 321 a 218 a 144c 15.3a
Rhizobium
planting system Mycorrhiza
ol
13.78 b 285b 19.1ab 175b 12.3¢
Al s Control
monocropping 15255
Mycorrhiza 14.62 a 32.37ab 238a 195a 138b
14.5ab 31.25b 19.6 ab 16.4 bc 147 a
Ll coiS Control
Intercropping I3 y55es
. 15a 355a 14.8b 154c¢ 152a
Mycorrhiza
B pomgn,; 64k
152595
Rhizobuimx
Mycorrhiza
14.3b 28.3b 17.1b 17.1a 13.1b
Control
1525500
. 14.1b 36.8a 12.1c 17.1a 140b
mycorrhiz
P99
o 140b 313b 216b 16.8a 13.8b
Rhizobium
15255500 X por93 )
Rhizobuimx 155a 320a 26.6a 171a 150a

Mycorrhiza

caxib od o cre Dglas gl woye iy il mhaw o (Sl yge3T elel 5 S i g (gl (sloSiles
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 7- Mean comparisons of the interaction effects of planting system, bacteria and mycorrhiza on grain yield and biomass

il 95
n o LS e w13 9 S hos £55hgmt 9 )N e
. . Grain Biological
Treatments Planting ratio . .
yield (Kg/ha) yield (Kg/ha)
Loy SR bglso Lugd ©5yd bglso
Beans Maize Intercropping Beans Maize Intercropping
oAl e
. 1475¢ 1475 f 3483 ¢ 4958 e
Monocropping
. 1116 d 6003 d 7120 c 3487 ¢ 20995 b 10607 b
Control Intercropping
oAl e
. 5667 e 5667 d 16462 ¢ 5667 de
Monocropping
oAl e
. 2592 a 2592 ¢e 5206 a 7798 ¢
Monocropping
P393 byl cuis
o . 1612 ¢ 7019 b 8630 b 4101 b 21641 b 12731 a
Rhizobium Intercropping
oAl cs
. 7454 b 7454 ¢ 20176 b 7454 ¢
Monocropping
Al s
. 2156 b 2156 e 4360 b 6516 d
Monocropping
152,550 7,8 bolxe cons
. . 1457 ¢ 6784 c 8240 b 2332d 22996 b 10572 b
Mycorrhizal Intercropping
Al cas
. 6283 d 6283 d 21239 b 6283 d
Monocropping
Al cas
. 1610 ¢ 1610 f 4328 b 5939
Monocropping
B+ pomsi) Lgles oS
I3 55500 . 1576 ¢ 8215a 9791 a 3288 ¢ 25575a 28863 a
PP Intercropping
Rhizobuimx
Mycorrhizal
Al cas
8358 a 8358 b 21875 Db 21875¢

Monocropping

il ol o sme Dglas gl oy iy Jleisl e o (Sl yge3T bl 5 S i g (gl sla Silee
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 8- Mean comparisons of the interaction effects of planting system, bacteria and mycorrhiza on components yield and leaf

chlorophyll
S 3 Juy 15 .
s e S, olas . .
. ) Leaf chlorophyll 0 UL ol ] 30 &ils olaws
o S s (Mg/g leaf fresh weight) S @55 P I ciss,
Planting ratio The number
Treatments Number of Number of grain
s rows per ear
Lol )9 pods per plant per ear row
Beans Maize
ol A cws
. 14.8 bc 17.2b
Control Monocropping
Lglie oS
. 194 a 14.1ab 17.0b 145D 325ab
Intercropping
A cas
. 12.2¢ 14.2 bc 245¢
Monocropping
P39) AL s
o . 20.2a 21.0b
Rhizobium Monocropping
Ll coas
. 135¢ 153a 22.2b 145b 30.0 bc
Intercropping
A cas
. 12.3¢ 135¢ 32.7ab
Monocropping
152,85 2,8 A s
. . 189a 16.0b
Mycorrhizal Monocropping
Lglse cossS
. 153D 15.0a 82c 145D 36.7a
Intercropping
oalls s
. 131c 13.7 bc 35.0ab
Monocropping
152,55 @ ,Bxpsmsin oAl s
Rhizobuimx M . 19.35a 31.75a
onocroppin
Mycorrhizal pping
Lgle cuiS
. 15.45 ab 1541a 215D 155a 34.25ab
Intercropping
oAl s
14.59 ab 155a 29.75 bc

Monocropping

caxil el o cire glis gl s ao o iy Jleiml mhas ;o (Sl aesT Gell 5 S ie B> gl sla Silee

Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Abstract

Introduction: Biodiversity is one of the ingredients of sustainable agriculture. As biodiversity
increases or decreases, the provision of ecosystem services in the ecosystem of agricultural systems
also changes. Therefore, biodiversity in the ecosystem of the agriculture system can improve by using
the intercropping system and increasing the diversity of soil biological species. One of the ways to
increase diversity in agricultural ecosystems is the use of several types of crops, including
intercropping and the appropriate combination of soil microorganisms.The purpose of this research
was to evaluate the yield and yield components in alternate intercropping of bean and maize, and to
investigate the superiority of monocropping and intercropping of these two plants when using
mycorrhizal fungi and rhizobium bacteria to determine the best treatment for them.

Materials and Methods: In order to investigate the effect of rhizobium bacteria and arbuscular
mycorrhizal fungi on yield improvement and potassium uptake in replacement intercropping of corn
and bean, a factorial experiment in a randomized complete block design with three replications, with
factor 1- Rhizobium (no consumption and consumption) 2- Mycorrhizal fungus (non-consumption
and consumption) and 3- intercropping system (maize, bean and intercropping) was implemented in
2019 at Payame Noor Azna University.

Results and Discussion: The results showed that the intercropping was significant for traits such as
grain yield beans and corn. The results showed that the effect of different culture systems on traits
such as plant leaf chlorophyll, grain yield, biological yield, number of rows per ear, number of seeds
per ear row and number of pods per plant was significant at the level of 1% probability. Also, different
levels of Rhizobium bacterium consumption were significant on traits such as grain yield, biological
yield of beans, chlorophyll of corn leaves and number of pods per plant. Consumption of mycorrhizal
fungus on traits such as number of seeds per row, chlorophyll of corn leaves was statistically
significant at the level of one percent. The results showed that the intercropping treatment with the
use of rhizobium bacteria and mycorrhizal fungi increased the biological yield, leaf chlorophyll, and
the number of seeds in the cob row in corn by 47, 55, 26, and 39%, respectively, compared to the
control treatment. Also, the treatment of monocropping bean with bacteria increased the seed yield,
biological yield, and chlorophyll of bean leaves by 50, 47, and 36%, respectively, compared to the
control treatment.

According to the obtained results, the land equality ratio in all intercropping treatments was more than
one and also the highest land equality ratio was obtained from the intercropping treatment with the
use of Rhizobium bacteria and Mycorrhizal fungus equal to 1.98. Which shows the positive
correlations between intercropping plant members compared to monocropping and shows the
superiority of corn intercropping over monocropping.

Conclusion: The land equality ratio of more than one in intercropping can attribute to nitrogen
fixation and nitrogen uptake in intercropping. When two species grow nearby, both species compete
for water and nutrients. The presence of nitrogen-fixing nodes as a source of nitrogen supply in bean
reduces competitive pressure. In general, according to the results of this experiment, it can be expected
that with a suitable combination of biofertilizers and mixed cultivation, the biofixation of nitrogen
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and the absorption of other nutrients will be improved, and finally, it will increase the yield and
stability.

Keywords: Cereal, Legum, Land equality ratio, Yield
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Table 1- Physical and chemical properties of soil in 0-30 cm depth in experimental site
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Table 2- List of investigated traits affecting the yield in conditions of drought stres
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Dry Weight in Plant (DWP)
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Plant height (PH)
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Flag leaf length (FLL)
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The length of the exit of the panicle (LEP)
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Panicle axis diameter (PAD)
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Figurel- Relationship between predicted and actual yield. Continuous line is line 1:1 and upper and lower dashed lines are 1:1.15

and 1:0.85, respectively.
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Table 4- Yield in state of the mean and the best amount of each trait in addition to the amount and percentage of change (Assuming
that the negative correlation between the biological yield and harvest index is not breakable).

Olew S ySlos
Traits Yield
. <. . <. ey
bd ,'“'..' -
Estimate Mean Min Max Best Mean Best Gap
Gap%
Intercept -261.83 1 1 1 1 -261.83 -261.83 0 -
S92 039
DWP 1958 1285 663.25 2124 2124 251.60 415.88 164.28 83.36
ase> JS 03 39055
PWH 19.73 7.31 33.98 33.98 106.35 183.17 76.81 38.98
als as 39
WHG 22.77 2.52 0.86 5.75 5.75 57.38 130.93 73.55 37.32
cls el
HI 7.768 33.38 10.83 82.67 18.244 259.30 141.72 -117.56 -59.67
>, Sles
Y - - - - - 412.80 609.87 197.06 100
Cho 93y (Smad 32 g pie . Cbld plgsy cawgio e 0, 8las (2,8l 0 (398 Dlulze cubmex Lt

Al ey wddidn S |y (S g 4T Sl pime oy 2,5 lS VAV PV e 4y daisgie o Shes du o ¢ Jlony!

(Faraji et al., 2012) s_sb arsls Ko caw p 65l mo
039 9 4093 (339 g (9 Do s oo yd Sl (o
S YEEY DY) s i an o,Shae ildl o adls Voo
a3 oo olaid (2,8 cpl (D Jguz) ogr dalgm s o YYITY
Ohiee 4 o wgie Cdlo a cans JT ol s 4o 0,50es a5
0,8 lee 51 09y aply> iolidl JuE LiSe o 6 5 LSYYF/PY

(S 4 0 Sl SYYVIEE VYA« g

13w SsLS FHUAS A FIVA b ugte o Shee 5 il
el (LS
DWP i5las fal381L asCul (5,8 L ipgd dnd 8-
Al (nl 5o (558 4 a4z L iiley (Bb bawgie a5 HI
cdls o o7 Jlade boply Jloas) o5 jo cslop ozl o
@ode i ol iy 05 anlys aus o VYA Joles ¢ Lawste
Ol g 09 asle> pln lwgio g conlio 08ee )3 Cdo

O, es 4y Cond lin 8 Sae iul38l 1o cogw cio



Ohe® g sLudgS (550150 YAA

ol BIL el (B8 b clo o 51 WU 0 Sdos pdi w0y g slado of o 4y Wlho polio (i 9 bwgin b Cdls jo 8 Slos Hlado -0 Jgus
il g ws j0 Clld 3l G 59lgw o Slos
Table 5- Yield in state of the mean and the best amount of each trait in addition to the amount and percentage of change (Assuming
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Table 6- Yield in state of the mean and the best amount of each trait in addition to the amount and percentage of change (Assuming
that the negative correlation between the biological yield and harvest index is breakable).
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Abstract

Introduction: In order to select their breeding goals among different physiological traits, plant
breeders need to categorize the limitations as well as the capabilities of plants. This issue has led to
the emergence of a concept called ideal type. Achieving the ideal type of agricultural plants requires
the use of appropriate statistical methods. The aim of this study is to introduce the method of using
regression modeling to determine the ideal type of crop plants on the rice plant.In breeding programs,
it is very important to estimate the amount of yield based on the change in effective plant traits, which
can be identified using regression modeling. In plant breeding, correlation between traits is of special
importance, because it determines the amount and type of relationship between two or more traits. In
plant breeding, correlation between traits is of particular importance, because it determines the degree
and type of relationship between two or more traits. Correlation between different traits can help
researchers in indirect selection using traits that are easier to measure in order to achieve self-
sufficiency.

Materials and Methods: For this purpose, a study on 124 lines of the ninth generation of two
varieties of rice (Ahlomi Tarom and Dorfak) was conducted at Gonbad Kavus University, Iran, using
a randomized complete block design with three replications in two growing seasons of 2015 and 2016.
Irrigation was done until the maximum stage of tillering in stress-free conditions (flooding). From
this stage until the end of the growth period, irrigation was completely stopped. Among the measured
traits, using stepwise regression, four traits of plant weight, panicle weight, 100-seed weight, and
harvest index were identified that had the greatest role in increasing yield. Then the correlation
between the selected traits and the rate of increase in performance was evaluated and the rate of
increase in performance (percentage) resulting from that trait in relation to the total increase in
performance was calculated. Regarding negative correlation between the harvest index and plant
weight, three hypotheses were evaluated, that in each assumption the amount of increase in yield was
estimated. Data analysis was carried out using SAS software.

Results and Discussion: Considering the existing negative correlation between the two variables of
harvest index and plant weight, assumptions were made to determine the ideal type, The results
indicated that if the correlation between the harvest index and plant weight, is not breakable, ideotype
yield variation would have an increasing of 197.61 kg/ha. If with increasing plant weight, harvest
index stay at moderate level, it would be an increasing of 314.64kg/ha and if correlation between
plant weight and harvest index is breakable, it would be an increasing of 697.52 kg/ha. The method
used in this study, due to the fact that the genetic differences between the lines are noticeable, can be
a way for the breeders to move towards yield increasing in rice cultivars.

Conclusion: The main purpose of this article is to introduce the method of using regression modeling
in determining the ideal type of crops. In this study, the ideal type of rice was determined using
regression modeling. And the four characteristics of plant weight, cluster weight, 100 seed weight
and harvest index had the greatest role in increasing the yield. Considering the existing negative



S5 5 SlusS (550l 3 Yar

correlation between the two variables of harvest index and plant weight, assumptions were made to
determine the ideal type. The results showed that if the relationship and correlation existing between
some traits undergo changes, it can be used for the benefit of performance. If the main goal of the
research is to determine the optimal type of rice for the Gonbad region, it is better to study and research
more genotypes in a few years.

Keywords: Correlation, Plant breeding, Plant weight
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