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The effect of different source and amount of potassium on wheat yield and

protein in Mazandaran provice
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Tablel- Soil Physical and Biochemical characteristic
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PPm ppm ppm ppm ppm ppm 2 i Lok N s P
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Table 2.Mean comparison of characteristic
PR wle slea O3 ails _-.;§,L._p BTy ST LS8 A s
(1000 grain (grain yield) (N content) (protein
(ieatment) weight) (g) (kg) (%) content)(%)
AOB, 41/027 A 3117 B 2/443 A 13/92 A
AB, 44/46 A 3872 B 2/456 A 13/99 A
ABs 43/04 A 3915 B 2/468 A 14/006 A
AsB, 43/49 A 3760 B 2/511 A 14/31 A
AsBs 44/47 A 4062 B 2/505 A 14/27 A
AsB, 43/06 A 4050 B 2/597 A 14/80 A
AsB; 45/86 A 4515 A 2/615 A 14/90 A

i 3 e BN )TN a5 CE - IUJE N S PRI PPy v TN+ W
Mean followed by different letters in each column have significantly

different of 1% level of probability
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Table 2 -Genetic parameters mean based agronomic type in bean
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Table 2- Mean Comparison of Main Effect of Treatments on Experimental Traits.
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Table 3- Mean Comparison of Double Interaction Effects of Treatments on Expiremental Traits.

als e 59 aslo olass Al ol aly o, Slase ~
. . . Lsi'iL‘jl ‘5&’)1":5
(1000-Seed wieght) alw 4o Eoye o o (Grain Yield)
) . . ) 4 (Exp. Treatments)
€9) ( Seed no. per spike) (Spike no. per m°) kg ha™)
0,08 365 u’.clo 3¢5
( Phosphorus Fertilizer) (Animal Manure)
Y#/ab YY/VC Y\Y/sC Y.-YC Po)
YA/fab Yo/ac Y#YIfbe Yyavive P33) olS jLswsys YY )
_ L_E)AA P“\‘C
Ya/Aab Ya/vbe YAY/fab Y£Ya/vab Po6) oL s woys #7
Yvab vo/ab f1fiva Ys£a/\ ab (P100) obS jLs vops V-
Ya/bab Y-/Ybc YY-/-C Y04¥/¢ be Po)
Y\/fab YY/vab Yo4/vbe Yvs- ab P33) olS jlsasye YY )
[}
YYiva YAIda vao/vab Y.Yfiva Pge) olS 5L woys £7 -
ARTAL:! v/aa ffAYa YVSYY ab P100) ol 5L wops ) -
0yhud 395 ) 35S
(Phosphorus Fertilizer)  (Biological Fertilizer)
YY/IYfb Yo/fYe v-q/ad YY\V/$C (Po) e pos
Yanb YAISYbe Yvy/ed YY'YA/Abc Po) Gyan
YAAAD Ya/a¥bc vov/ived Y¥AV/\be P33) olS sl wsye YY B pas pas
Y./avab YYv/v'vab v#abe Yavi/rabe P33) olS jhswsys YY B pan
Y- /60ab Y. /vabe YA-IAbc Ys#£a/vab Pge) oLF L5 aoys 5 G yas pie
YY/sYab YV/\fa f-1/9ab Yaaf/Aa Pse) oS L5 wsys #7 Byan
YYy/-sab Yo/\rab f.#/Vab Yoo\ /sabe P100) obS jlsaoys Ve b yan pas
Yf/fya va/ava far/aa YAA-IVa (P1o0) obS sk woys V- - Byan
S 355 &l o8
(Biological Fertilizer) (Animal Manure)
YAI#b Y#IAYD Yor/fb YYfa/\b zils pae
S yae pos
v4/avab Y./vdab YAv/sab Yo¥Y/dab s
Y. /Yyab YY/Avab Y#A/IAb YY) -/vab il poe ‘
<
YYv/iFfa va/Ysa vav/iva YASOIYa eils ~

5l 6l s Dglas aoys B el mhaws o (STl (glatals wim O325) bl aies S it By > s a5 olanSiles g o 0

*Difference Means followed by Similar Latters in Each Column are not Significant at the 5% Level of Probability, According to Duncan’s Multiple Range Test.
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Table 4- Mean Comparison of Triple Interaction Effects of Treatments on Expiremental Traits.
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Table 1: The different fertilizer treatment resulted from amount and time of nitrogen use in different stage of

durum wheat growth(Zadox).
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Table 2- The effect of seed density on average grain yield and total yield in first and second year.
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Table 3- The effect of different nitrogen level on average grain yield and total yield in first and second year.
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Table 4-The interaction effect of seed density and nitrogen treatment on grain yieldsNUE and NARF in the first year.
I
Measurements b 55 ol B
Treatments oLl
s R s s Slee s 5 Shes
05258 Sk . sl jles . oS o, 0 e
355 Sl iz Seed S \f;\Iitro;en\ﬁ o o S S i
NUE  Nirogen >0 oot Seed Yield SeedYield ~Nitrogen Seed
NARF . ) Nitrogen in Application A . .
o (KgKg) in T tg ¢ (Kg/ha) Control First year ~ (top dressing)  Density
: 1 Control ' '€@ /mze" S (Kg/ha) (Kg/ha)
@m) &™)
36.2 15.5 12.8 17.7 138 5786 7923 '
Dl
35.7 15.5 12.7 17.7 138 5794 7928 Levell
30.8 13.4 12.7 17.0 138 5781 7632 v
36.4 15.4 12.8 17.8 138 5786 7915 !
32 C]a.w v
40.9 18.0 12.7 18.4 138 5794 8272 Level2
40.2 17.3 12.7 18.3 138 5781 8171 v
29.7 13.8 12.8 16.9 138 5786 7685 !
fre gl Y
25.0 11.0 12.7 16.2 138 5794 7307 Level3
34.9 156 127 17.5 138 5781 7931 ’
28.2 12.4 12.8 16.6 138 5786 7493 !
e
34.4 15.8 12.7 17.5 138 5794 7973 ol e Y
Level4
35.5 15.8 12.7 17.6 138 5781 7968 v
29.5 10.7 11.8 17.2 184 5768 7733 ) !
v-v:u; C]a..» v
35.2 13.4 11.8 18.3 184 5754 8219 Level6
32.8 12.6 12.0 18.0 184 5740 8053 v
32.1 13.0 11.8 17.7 184 5768 8160 - !
(e Y
29.8 11.8 11.8 17.3 184 5754 7925 Level7
25.7 10.1 12.0 16.7 184 5740 7605 v
19.6 6.5 11.8 15.4 184 5768 6971 _ !
12.6 3 11.8 14.2 184 5754 6443 MCIM i
: 7 : . 7 Level8
19.4 6.8 12.0 15.5 184 5740 6987 v
37.9 15.9 11.8 18.8 184 5768 8699 ' !
27.1 11.9 11.8 16.8 184 5754 7947 e e Y
: : : : Level9
25.8 120 120 16.7 184 5740 7957 ’
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Table 5-The interaction effect of seed density and nitrogen treatment on grain yield\NUE and NARF in the

second year in Karaj.

b S o3l byl slales
sk e
a5, @ Lls &l 055 4 o &ls 5 Shas &l 5 Shas oy
SER 3 B
): SaF T . 85255 S o ):
o '_,s KgKgh . (@m)ss (Kg/ha)asls  (Kg/ha),p s ’
-~ (g/m)
2463 2168 173 9207 138 6499 9491 \
s e
20.28 9.4 138 6861 8163 Y
14.8 17.6 Levell
1449 70 144 164 138 6693 7661 r
672 1364 170 179 138 6499 8381 \
1449 6.9 138 6861 7808 22 g Y
14.1 16.1 Level2
2173 99 449 179 138 6693 8056 v
797 1397 478 189 138 6499 8427 \
10.14 4.3 138 6861 7461 f~ Cl“ Y
15.4 16.8 Level3
217 L1 142 145 138 6693 6851 r
724 103 175 185 138 6499 7925 )
4492 201 455 o214 138 6861 9640 Ty
: . Level4
2608 116 149 185 138 6693 8291 r
1195 1153 164 186 184 6341 8461 . \
21.19 10.25 184 6813 8699 = Y
155 194 Level6
217 09 164 168 184 7509 7680 r
272 62 453 168 184 6341 7483 \
3.80 0.8 184 6813 6960 e C]M Y
15.0 15.7 Level7
2554 118 165 212 184 7509 9675 r
489 851 158 177 184 6341 7907 . \
6.52 3.82 184 6813 7515 = Y
15.9 17.1 Level8
489 25 452 174 184 7509 7960 v
380 775 470 177 184 6341 7768 . \
16.85 8.16 184 6813 8315 e Y
15.8 18.9 Level9
923 39 474 194 184 7509 8229 v
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Table 1- soil profile test (0-30 cm)
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Characteristic (4o y3) (Ao ) Juls Lime (%)  Absorbable gl Electerical ~ Phosphorus
Organic Total Potassium Soil PH condl;lct/ivity (%)
carbon(%)  nitrogen(%) (ppm) (umohs/cm)
e
09 0.07 13.5 210 7.7 0.58 17
Value
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ot s3] S g (JalS (S Ol 3
oS il e e Y e s gl Sl sl
WS 5wl Cosb; dons e Gl 25 2 Sl e
ar PO gles j3 5 il p o S a5l slal el SO
warg bgoets S S celu VA Sl 4 sl Kl
s Shes 5 (TDW) S5 5) 5 5 Shas il 5ol a5l 03
ol LS Ll i 035 bl (GY) &ils
2wl s Slas S U5y e 51 55 (HD Sl
Gl Sl O35 s abee (K555 5 Shes S 035
e sl gl YO0 Wl S s L (TGW)

Y' ‘_s‘j)‘bﬂagzm::‘bf ;w\:—hﬂ) A.lﬁ-fjé JJ”J;W;J

¢o

e ST Geo s adsl (b 5 ey GhalasT 5550 e
Lo 5 dden) en poses Sews bau g 450 ot X
Coge wsze okl 53 Jeted S 3 Sloudans Al
5 5o S0 Jsb b b S @ e e 235
S b S dlol Al gy s 2o L V/0 5 e
dob L csls bxVe &S s s an § ks
FOr WS L s sl Y0 Jsb s e 510 i,
Sk Ogeil @l @ e g Ldd @lS me e 55 Lk
e a4y alm e sl A esls ensl 555 e Y e 4
sy a3 % ¥F ojj\é;ajl)l:.{ajspfjkzsw
53 LS [ o SLS Ve Jliie w al> e ey 5 S5
sk a0l (e 4 S e Do 80 S Al e
YO ad o) it oKl e 5o (6055 slasles s



FIPRY Gl 3 Pl )+ ler (6L 23kl 9 Sl ds’

oy ml
damdle (V Jsdr) by w5l o) shiles
Sl oy G dleml mha 3 (LT oS Sl 355 0
Ll g sl pmaool amdion Sl 2 4 Slio aen
Aol o5 Lol i S5 s (36 sl e
LOOVO/Y) &l :J.il.«.c Oy a6 OLES (s ey
(FV/2Y) wils o ol 5 OYYAL/0) 35 sm 5 Shas
by el Slie 2S5 by oll @ by e
3l eobel s by e YO VE SV EVE VAT sl

Y Jsd) 59 Ay 0,55 OLL B 8l

Gl sl calow Ol slaw) 3 Shas el ! €y
Oos ls ST 05y clin SO slakils 055 i o
cmamet L3 (6 S o3Il (sl s slaws &ls Sl
A 0ss Sy b 5 G gl S el gl
oo 3 Jl e {‘JL@T RIWALEN PP IPVIVIA

))fuwbw)%ﬁwdjsc)‘&\jw

()

Path 5 SAS 131 ¢ 3l eslisul b G ol 53 b3l
e S\ p Excel SIgl e 5 5l pizmen S35 o) 50
A eslaal LQQ_B\J?_}LA)‘J)M

S 3 e s - glans 5 (55ll oS 25 o o8y o3 S bty s - ) Jsis

Tablel- Analysis of variance for wheat under low irrigation and phosphor spraying

st b a 4l a0 Llsslaws 53 i sl azelis slaes @l 5 Shas oobese oela
@3l TGW o 2 gl A1y ook GY TDW Sl

S0V df ® GNE EN NFS ® kg/ha) HI
S5 3 1.46 733 4611 247 304583 3511285 65.7
ST oS 2 943" 375" 47086 3.7 25858074 71926580 580"
2k sl 3 09™ 452" 3205™ 0.09"™ 104965™  4116893™  29.1™
Jotis s 6 0.98™ 3.49™ 21028™ 0.35™ 121132™ 335411 7.23™

b 2

bl sl 33 240 14.6 1973 0.57 271207 1811235 7.19
S s - 442 9.41 12.4 5.08 124 12.1 7.11

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

10 51N ezl o 53 s e 3 5 4y e

Where: Df= degree of free; GY= Grain yield(g); TDW= Top dry weight(kg/ha); GNE= Grain number per Ear; EN=
Ear number; TGW= Thousand grain weight(g); NFS= Number of fertile spikelet; HI= Harvest index(%).
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Table2- Comparison of mean grain yield and yield component of wheat under low irrigation and phosphor

spraying.
Spr0hs sl sdiwslis amliw sl 5 Shas s Lesls
Sialasl sl las <ls e o A1 Sk <l TDW ol
Treatment TGW GNE EN(m?) NES gy  &eha HI
® (€29)
R
Jle s ol 39.16a 45.16a 394.07a 15.3a 55753a 13486.5a  41.64a
AL 3, Bl gl ok 39.75a 35.53¢ 295.2b 14 .34b 3911.7b 9622 .8b 40.69a
Lijey93 OLL G allS 5l ool e 26.16b 41.28b 383.3a 14.86ab 3078.3¢c  10041.4b 30.76b
A 3 J e
Okg/ha 35.16a 40.89a 352.8a 14.81a 4196.9a  10659.4b 39.23a
4kg/ha 34.72a 39.83a 336.5a 14.73a 4055a 10577.4b 38.18a
6kg/ha 35.3a 41.29a 368.8a 14.94a 42343a 111079ab  37.85a
8kg/ha 34.88a 40.63a 372.03a 14.86a 4267.6a 11856.2a  35.54b

.A.Ql.k.léj:quijj“ﬁ):@wdjfdbhduénfjp

Where: GY= Grain yield(g); GNE= Grain number per Ear; TDW= Top dry weight(kg/ha); EN= Ear number; TGW=
Thousand grain weight(g); NFS= Number of fertile spikelet; HI= Harvest index(%).
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Table 3- correlation coefficients of grain yield and related traits in the normal irrigation condition

GY TDW EN TGW PH PL  GNE NFS UGW HI
@ «lsShe  GY 1
(kg/ha) L, TDW  0.88" 1
diw s BN 082" 082" 1
@b mo; TGW 0537 044 035
em) <y plsl  PH 025 0095 -003 0.8 1
(cm) iy J  PL 031 0.3 0042 003 0847 1
diw salsss GNE - -035  -044 012  -002 -071" -0.6 1
ssbaskisis  NFS  -046  -045 032 -004 075 069 0917 1
@b S50, UGW 04 032 032 069 -009 -006 023 0.1 1
cuils, axle  HI 042 -079" 0527 -008 021 016 036 023 -003 1

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

170 57 Iz Cb.w D3l e o 5 4y ek g

Where: GY= Grain yield(g); TDW= Top dry weight(kg/ha); EN= Ear number; TGW= Thousand grain weight(g);
PH= Plant height (cm); PL= Peduncle length(cm); GNE= Grain number per Ear; NFS= Number of fertile spikelet;

UGW= unit grain weight(g); HI= Harvest index(%)
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Table 4- correlation coefficients of grain yield and related traits in the non irrigation from stem elongation to

anthesis condition

GY TDW EN TGW PH PL GNE NFS UGW HI
@ wlss See GY 1
(kg/ha) by, TDW 063" 1

diw s EN 0.19 0.63" 1

@ <m0, TGW 028 -0.13  -042 1
(em) <y ¢l PH 0.43 049 043  -0.11 1
(cm) iy Jsb PL 0.07 037 043 -038 072 1
dew psalssls GNE 0827 0817 069 -002 042  0.16 1
Ssbaminss NFS 0727 054" 048  -004 006 0059 0857 1
@ < 5035, UGW 0038 -044 001 015 -047 -041 0075 038 1
cuilsy jesls HI 066" 015 -037 047 006 -027 025 0405 047 1

* and **: significant at 5% and 1% probability levels, respectively 10 51 Jlazl o 3 s e o5 4

Where: GY= Grain yield(g); TDW= Top dry weight(kg/ha); EN= Ear number; TGW= Thousand grain weight(g);
PH= Plant height (cm); PL= Peduncle length(cm); GNE= Grain number per Ear; NFS= Number of fertile spikelet;
UGW= unit grain weight(g); HI= Harvest index(%)

J.:)wwtiguJmf;\L;)L:{Tdajja{l,;ﬁo'l@M\jau,m;)ﬁwﬁw;ﬁ\,@w;u—aJ,»_

Table 5- correlation coefficients of grain yield and related traits in the non irrigation from anthesis to maturity

condition
GY TDW EN TGW PH PL GNE NFS UGW HI
() wls 5 Sas GY 1
kg/ha)_t,, TDW  0.69% 1
diwsas  EN 045 083" 1

@ <l ipmoz  TGW 031 023  -062° 1

(em) x5 ¢lis)| PH 0.57*" 0.64* 0.63* -0.19 1
(em) Sl Jsb PL 0.38 0.65" 0.74* -0.59° 0.84™ 1
e sl sls GNE 05° 0.16 -0.168 059° 043 0.13 1
5ok axliw sls NFS 0.39 016  -0.19 055° 037 011 095* 1

@ s S5 o3, UGW -0.04 0.55* -0.56" 055  -0.32 -0.48 0.26 0.24 1
Cdlsp yatls HI 0.55% -0.21 -0.38 0.74* -0.003 -0.28 051 0.36 0.6" 1

* and **: significant at 5% and 1% probability levels, respectively 10 57 Jlaa edams 53 15 fxe o 5 4 s g

Where: GY= Grain yield(g); TDW= Top dry weight(kg/ha); EN= Ear number; TGW= Thousand grain weight(g);
PH= Plant height (cm); PL= Peduncle length(cm); GNE= Grain number per Ear, NFS= Number of fertile spikelet;
UGW-= unit grain weight(g); HI= Harvest index (%)
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Table 6- Stepwise regression analysis of grain yield in wheat and related traits

Ja. (Model) Model R?

Js sl GY =2247.39+0.25TDW 077
Normal irrigation GY =-4504+0.41 TDW+110.39HI 0.97
AL o, Bl 5l LT ks GY =-2445.58+178.9 GNE 0.667
Non irrigation from stem GY =-3986.19— 2.15 EN +289.36 GNE 0.94
elongation to anthesis GY =-9224.53 - 2.34 EN + 102.76 PH +277.25GNE 0.98
GY =-11635-2.37 EN + 127.16PH +271.76 GNE+304.13UGW 0.99
1 UL G eSS 5T o GY = 457.88+0.26TDW 048
Non irrigation from anthesis GY =-3246.57+0.32TDW+100.91 HI 0.993
to maturity GY =-2748.19+0.32TDW-29.40TGW+110.57HI 0.997
GY =-2775.56+0.31TDW+35.43TGW+14.03 NFS+110.89HI 0.997
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<l 5 Sles  Saewenr 65, 4 (Mohamad et al., 2005)
«(Triticum aestivum L.) OU r.x;f I Lieolie

Sl olis als s Sas (69,5

O3 &g Cw)lcdsgﬁo)'jm.lfw sl i 5o &ls
w8 B s e b e s pize Olge @ dls e
oAV lege Cho Jb bl Ll s s s
IS wls s Shas i 1 (VON)) ot 5 oot i
U RPN SOV PR N (AN PRES)
oo Cadl Sl g 5050 o) 4 5 (VAN il
el Skl atld Chdo 4 Cand elese U

Ol (Ahmadizade et al.,2011) O, 5 0313 (g
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Table 7- Path analysis of effective plant characteristics on grain yield in the normal irrigation condition for

wheat
ool g Sls y Lasls
TDW HI
s 1.511 -0.632
TDW
il Larls -1.209 0.788
HI

Residual effect (st )= 0.039

LS o e s DS alsl e s s SIS Ll el jasile bt b &S (oldsl s 5

Statement: Underlined numbers are direct effects and other numbers are indirect effects.
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Table 8- Path analysis of effective plant characteristics on grain yield in the non irrigation from stem

elongation to anthesis condition

a3 wls sl alow sl < ) Gls SO0
GNE EN PH UGW
Ao 5 @l sl 1.231 -0.546 0.126 0.007
GNE
b sl 0.849 -0.791 0.129 0.001
EN
Gy gl 0.517 -0.34 0.301 -0.049
PH
8l S o 0.086 -0.008 -0.142 0.103
UGW

Residual effect (sulest ;1)=0.08

Sl o s b Sl g s S el asite L L oS galisl i 5

Statement: Underlined numbers are direct effects and other numbers are indirect effects.
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Table9- Path analysis of effective plant characteristics on grain yield in the non irrigation from anthesis to

maturity condition

less <ls Sl 055 o0l b ol Sl asls
TDW TGW NFES HI
olese 0.828 0.021 0.004 -0.165
TDW
s Slm 035 -0.191 0.095 0.014 0.58
TGW
b s slaas 0.132 -0.053 0.027 0.282
NFS
Sl el -0.174 -0.071 0.009 0.784
HI

Residual effect (5Ll 3)=0.125

ML@W}:‘¢‘;“'”‘JLL‘}WQ‘;‘J"“‘“g}""‘;“‘k}bédél‘w‘C:"DJJ

Statement: Underlined numbers are direct effects and other numbers are indirect effects.
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1. Dominance ratio
2. Dominance deviations.
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Table 1- Analysis of variance for different traits in Falat x Sardari crossin generation mean analysis for

resistance to Sunn pest

) o slabb oz
s slasils T2 03 o alsdr O
Trait _ 03y s . 03 ST
. 3051 ke o Weight . S 230 e
P ) ' Weight of Weight  pamaged
03y "
(S.0.V) il of five  gamaged  ©f 50 seedspercent
Weight  damaged seeds  damaged
of total spikes seeds
of seeds
Replication ,| & . . - . .
eplication 55, gogm o 58 0.83" 4.85
Generation  f.; 5 2.5% 2.7 0.7" 3.9* 4.4%
Eroori> 91 10.52 6.32 1.03 0.19 0.02
A3l o dos3 ) 50 St e 3 ls as s e OV pas e 0L g 4 T T s
:Non Significant and significant at 5% and 1% levels of probability, respectively."*and “ns,
ol ols e Wl il (g i polie Dlio alS At Ol glajlee S il u,;g;l.,a won Y
S S bkl e slis Eor o3 Ay cpl ol 1818 X W S s
.,\iJJ,fJ,ALBé)waJJU)\ Sl Gl d\ﬁ\}&;ﬁ\?& 2ol Vool Jsds
Lo, 5 (\YAY) OLKes 5 (s sahaas b L ek a5 b das e Ol (6ol e x DB B a1, il

Sl cilas (VYVA) S Ay a8 55d e aadle bajloe Gl sl 5 b Sl @
S o S slie (S5 S 53 (50l3 I W s s Sl Slas Bl oSle alie =Y J s
Table 2- Means and standard error for different traits in Falat x Sardari cross in generation mean analysis for

resistance to Sunn pest.

J—S05 alew d 03 &lls o) als0r 0 Lo s

o sl ggils 03 035 Sy 03 oy ;z,’ o
63 o Weight of Weight of Weight of Damaged

Weight of five damaged damaged 50 damaged  seeds

s total of spikes seeds seeds percent
Generation seeds

P1 13.6+3.0 17.6+3.3 3.7+0.7 2.240.5 0.23+0.04
P2 7.7£1.50 10.1£2.9 1.5+0.7 1.1£0.3 0.45+0.05
F1 9.1.8+1.8 14.3£3.0 1.6+0.8 1.5+0.4 0.32+0.03
F2 10.5+£3.4 13.9+4.4 1.4+0.9 1.3+0/.8 0.26+0.11
Bel 10.8+3.0 14.0+4.0 2.5+0.8 1.9+0.6 0.29+0.08
Bc2 8.9+£2.90 4.13+£3.9 1.9+0.8 1.4+0.7 0.49+0.09

A%
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Table 3- Corrrelation analysis of differernt traits in Falat X Sardari cross in generation mean analysis for

resistance to Sunn pest.

;:jr.l.;); "’JAO""‘G"D'OJ-’ a:jo.»éhq}!:[)j_, 03 w0 Oy L@@!;J{[)_}} e
) 035y a3
Damaged seeds Weight of 50 Weight of damaged Weight of five Weight of total of
percent damaged spikes
damaged seeds seeds seeds
035 o b 3la Aqufo),
0.25 0.19 0.20 0.35 1 Weight of Total of
Seeds
05} cpw Al 0 )5
0.50 -0.26 -0.11 1 Weight of five
Damaged Spikes
03 e s ails 0y
0.73 0.18 1 Weight of damaged
seeds
03 oy w30 Ujs
-0.20 1

Weight of 50 Damaged
Seeds

L35 o oy

Damaged Seeds Percent

PSS slie (S5 a5 53 )l U (BN s il Slio S0e (S5 sl Y Joes

Table 4- Genetic components of mean for different traits in Falatx Sardari crossin generation mean analysis

for resistance to Sunn pest.

(Parameter) il

oS sl Cle xR e x Gl sl x sl
[m] [d] (h] [i] Kl [ y
(Trait) i
035 S 41"‘"' BERCEHE Jf [$33) Y Y ok
10.5+0.4™  2.7+0.4™  -1.7+0.7 - - - 1.3
Weight of total of seeds
SO0 86T 364067 03+0.17 25
.3+0. .6+0. 3+0. - - - .
Weight of five damaged spikes
IR O G 1™ 0.6+0.05" 0.8+0.1" 29
.9+0. .6+0. - .8+0. - - .
Weight of 50 damaged seeds
/é. . M S k% ok *k ok *k
SBEAR 01" L1001 134027 0.6+0.1 ; 0.8+0.1 02

Damaged seeds percent
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Table 5- Genetic components of variance for different traits in Falat x Sardari crossin generation mean

analysis for resistance to Sunn pest

bl
Parameters S I sl e bl Sty sk S
E 12 12 Eoad Clas
i D H F (H/D) F/(HXD) . o
Trait
035 o Ao 3 413 035
45 11.4 5.7 -0.6 0.7 -0.07 0.50 0.65
Weight of total of seeds
R )
Weight of five damaged spikes 9.5 16.8 8.1 -0.8 0.7 -0.07 0.42 0.52
033 e w1300 055
Weight of 50 damaged seeds 0.1 0.1 0.2 0.2 0.5 0.5 0.71 0.81
;a) O e 3
Damaged seedspercent 0.0 0.02 0.004 0.002 0.42 0.2 0.80 0.87
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Table 1- Phenotypic variation coefficient« parent average, higher and lower families from parents in different

studied traits in wheat

- 5 oS "o LS RUPRS I SO PN s 55 esl gl slas b
bt = . < sls ol O ks
. ) Line 12 No. . . R o
Trait Flat variety average Higher lines no. from  Lower lines no. from  Variation
average desirable parent unsuitable parent coefficient
; 3) G Aoy
Sunn pest damage %27 %58 78 42 38
percent
03y PFHENETY
Kernel damage weight 424 3.26 67 . kL
035 o Al 039
Spike damage weight 8.25 5.66 41 35 41
03 il 00 O
weight of 50 damaged 1.23 1.02 46 26 37
kernels
iy 1] A.",
'y T} .LH,
WL VY J_ﬂ .L“,
e ally
'y T} .LH,
A1 _',4? -L'-'IJ
Ny :ﬂ‘i alty

S 3 il Slio Sl 5w bl ses o) ISS

Fig. 1- Frequency distribution diagrams for different traits in wheat
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Table 2- chromosome position¢ gene action« LOD and phenotypic variance percent justified with different

traits OTLs in wheat

Cie ;z}y-&«:p j:j;,.“w): ;:jy-&«:p j;j;,.“w):
Damaged Seeds Damaged Seeds Damaged Seeds Damaged Seeds
Trai Percent Percent Percent Percent
rait
Linkage 358655
g ides 6 9 25 27
group
5 5L
irs Sa 6B Long 5D Short 3D Long 4B Long
Chromosome arm
/'Li.i L -
> R Xgwm518 Pgat-Mca Pca-Maaa Pta- M17
Nearest flanking marker
Kolis o 5Sos 5 5l dhols
Distance from nearest 1.39 117 2.20 1
flanking marker (cM)
LOD 3.24 4.67 5.16 6.93
Additive effect 2151 51 0.06 0.1 -0.05 0.04
Dominance effect = Jis 7 0.1 -0.02 0.14 -0.13
Partial phenotypic
variance explained by the 0.05 0.14 0.10 0.15
QTL (RY)
Gene action 05 Jos ¢ 5 sy s s sy
Over dominance Additive Over Dominance Over Dominance
Additive allele o531 JT Line 12 Line 12 Falat Line 12
Table 2- continue —Y J g dals|
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Dominance effect =.J& i 139 066 015 003
Partial phenotypic variance
explained by the QTL (R?) 0.10 0.16 0.07 0.07
Gene action 0 Jes g5 e G e G e G sl 58l
Over Dominance Over Dominance Over Dominance Additive
Additive allele o531 JT Line 12 Line 12 Line 12 Falat
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Fig. 2- chromosome position of OTLs for different traits in wheat
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Table 3- reciprocal effects for reviled OTLs in different traits in wheat

i 1 o
g0
Reciprocal LOD Value R’
effect
25 o e
AA 1.77 0.09 3.9
Sunn pest damage percent

035 il Oy DD 4.8 -0.98 0.01

AD 7 0.69 3

weight of 50 damaged kernels
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Table 1. The QTLs identified for the studied traits along with their positions< PAC2 allele additive effect and

their percent control over trait

o o5 f iy LSulag  PAC2 T nipy RDTRY
Trait Linkage Position ~ LOD score Additive effect R’ TR*
group (of PAC2 allele)

Yield Normal 5 15.86 4.462 6.19 17.79  64.82
Yield_ Normal 5 35.56 2.844 -4.56 07.57 57.66
Yield_Normal 11 14.31 4203 -427 10.84 6136
Yield_Normal 11 19.56 3.487 -393 951  60.03
Yield_Stress 5 2.01 3.519 -2.66 11.09 67.68
Yield_Stress 5 19.46 6.627 3.57 1940 66.71
Yield_Stress 6 62.31 3.137 2.07 8.54  64.00
Yield_Stress 10 88.26 8.576 -3.73 30.04 7248
Yield_Stress 14 73.36 5.909 2.7 1482 6556
SW_Normal 2 100.61 4234 -0.77 8.85  69.60
SW_Normal 10 80.41 9.338 -1.32 21.02 71.04
SW_Normal 14 136.16 3.842 0.95 1345 7647
SW_Normal 15 47.86 3.045 -0.65 653  70.79
SW_Stress 5 0.01 3.277 -0.72 682 67.83
SW_Stress 6 6.01 5.527 -0.84 13.16  68.48
SW_Stress 6 62.31 4.197 0.8 11.81 719
SW_Stress 10 88.26 1.499 -142 4091 79.83
SW_Stress 14 73.36 3.063 0.59 633 67.06

O35 SW_Normal ( S (25 Lol 5 55 5 Sles :Yield_Stress «Jb 5 6,7 Ll & 3 5 Sles :Yield Normal

SSas 55 ), s wlaylie 035 SW_Stress «Jbe s oW Ll s 55 «ls e
Yield Normal: Yield under normal condition, Yield Stress: Yield under drought stress, SW_Normal: 1000-
seed weight under normal condition, SW_Stress: 1000-seed weight under drought stress
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Fig 1. QTLs identified on linkage group 5. QTL positions are depicted on the upper graph while their PAC2 allele

additive effect is shown on the lower graph. yldslf: Yield in normal condition¢ yldDRY: yield in stress condition¢

Swnorm: 1000 seed weight under normal condition< swDRY: 1000-seed weight under stress condition
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Fig 2. QTLs identified on linkage group 6. QTL positions are depicted on the upper graph while their PAC2
allele additive effect is shown on the lower graph. yldslf: Yield in normal condition¢ yldDRY: yield in stress

conditiont Swnorm: 1000 seed weight under normal condition< swDRY: 1000-seed weight under stress condition
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Fig 3. QTLs identified on linkage group 10. QTL positions are depicted on the upper graph while their PAC2
allele additive effect is shown on the lower graph. yldslf: Yield in normal condition¢ yldDRY: yield in stress

condition¢ Swnorm: 1000 seed weight under normal condition< swDRY: 1000-seed weight under stress condition
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Fig 4. QTLs identified on linkage group 14. QTL positions are depicted on the upper graph while their PAC2

allele additive effect is shown on the lower graph. yldslf: Yield in normal condition¢ yldDRY: yield in stress

condition, Swnorm: 1000 seed weight under normal condition, swDRY: 1000-seed weight under stress condition
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Table 1. List of rice cultivars

) o5 el 3, o5 ¢l
No Name No Name

1 Bala 12 Champa Budar
2 Azucena 13 CT6510-24-1-2
3 Salari 14 B6144-F-MR-6-0-0
4 CT6516-24-3-2 15 Gharib Siah Reihani
5 Dom Zard 16 IR55423-01
6 1IR30 17 IR81024-B-B-254-1
7 Usen 18 IR83747-B-B 81-1
8 IR82589-B-B-84-3 19 IR82589-B-B-114-3
9 IR77298-14-1-2 20 Line229
10 IR50 21 IR344197
11 Hashemi 22 IR60080-48A
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Figure 1- Overview of genotypes studied in hydroponic conditions

5l #sSs ,» (Polymorphism Information Content)
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Table 2- List of primers and their sequences

Locus_ID Forward Primer Reverse Primer

RM530 TTCTTTATTCCCTCGCACTGACC CAATGATGCCACAAACCGTAACC
RM3316 CGCATTTGAAACTGGAAACTCG GGACGAATACTGATATGGATGACTCC
RMS8024  TTTCACTCAAGACCAGACCTGTACG GCACGTCATTGTAGTGACTAGTGAGG
RM6535  GAGCTTCCGGCCGTAGTTGTGC AGACCTTCATCCGGCGGTTCG
RMS8255  ATCCATTCTTGCTCCCAACAAGC AGGAGGTGGAGGCTAGGGTTAGG
RM425 ACCACAGCAGGTGGAACAGG GCTAGCTAAGCCAACACCAACG
RMo6481 TCAAGCATCTCAGTCAGCACAGG CTACAAGCTGAAGCGGCTCAAGG
RM14001 TGTGGCTGGGCTCCGATACC ACCCTGCAGGATCATCAGAACG
RM14002 TTGCCGTATCAACTTCTCTTCTCTCC TAGCCTTGCAGCTGGATTAGTACGG
RMS8030 CAAGCATTATCAGTTGGCTTCC GTGCTAGACGACGTTCTCAAACC
RMS8029  CAAGCATTATCAGTTGGCTTCC GTGCTAGACGACGTTCTCAAACC
RM3302  GAGATCGGGATCTAACACTGTAATGC TCGGACGGAGGGAGTATGTAGC
RMS5460  ACAACCACAGCTGCTTGAATTGC AGAGGAACCCACTGCCCTTGC
RM6519  CCACACCACTACAAAGCTTTCTTCC ACAGCATCTGGTCGAAGAAGTCG
RM112 TGCCCTGTTATTTTCTTCTCTC GGTGATCCTTTCCCATTTCA

RM250 TCTGCAAGCCTTGTCTGATG TAAGTCGATCATTGTGTGGACC

)‘JALA.‘I. 6“;:’”) V,:.'\SUJ) oalail )40 Jbﬁ—r J_}J\>

Table 3- Materials used in polymerase chain reaction

Fran Ay BINESEY V..>.=>(\x)
Materials Volume(1X)
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DNA 4
H,O 2
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Table 4. ANOVA of evaluated traits under drought stress conditions

Sla o S0l
Squares mean
J.:.:s'd@l.‘.»s s 4..,_1))]43 oy O oy slaas Ble O Sl dgb  ain; dsb S #5S obese
S.0.V 3l RD RW RN SW SL RL GC B
df
2 ‘/x 2 ns * b ns * ns ns ns
. 0.0005 0.0000004 6.62 0.000006 2.19 0.008 1.69 0.000003
Replication
('5_) % *k *k . *k *k *k *
. 21 0.0074 0.0000014 344 0.0000061 ™ 6.66 2.19 12.84 0.000006
Variety
o
42 0.0007 0.00000008 1.13 0.0000036 0.44 0.29 0.71 0.000003
Error
e :
T e 9.52 14.21 26.66 21.70 12.20 20.82 14.03 14.14
C.v.
ns

o) 5 Ao 0 Jlaaml s sl 3 o ime 5 b pmaE S 4 R G

NS ,*, ** : none significant, significant at 5% and 1% levels of probability, respectively
RD, RW, RN, SW, SL, RL, GC and B: Root Diagonal, Root Weight, Root Number, Stem Weight, Stem Length, Root Length,

Genotypic Code and Biomass, respectively.
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Figure 2. Banding patterns Created by RM6481 primer and M« Weight marker (Kb Ladder).

(Name and number of genotypes are shown in Table 1.)
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Table 5- number of alleles and Polymorphism Information Content of 16 SSR markers

SSoles T olows S EeS Jsaiz aleMb! slgie
Primer Allele No. Gene Diversity PIC
RM14002 2 0.483 0.366
RM250 3 0.623 0.553
RM112 4 0.677 0.623
RM6519 2 0.462 0.355
RMS8030 4 0.727 0.678
RM14001 2 0.462 0.355
RMS8255 3 0.491 0.407
RM&024 2 0.235 0.207
RMS8029 4 0.657 0.539
RM425 3 0.376 0.343
RMS530 2 0.351 0.289
RM6481 2 0.483 0.366
RM3316 3 0.657 0.583
RM6535 3 0.644 0.572
RM3302 6 0.685 0.651
RM5460 4 0.491 0.450

Mean 3.0625 0.532 0.462
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Table 6-Stepwise regression analysis for root diagonal as dependent variable and molecular markers as

independent variables

dude 0kl 315 e s K5 r Sl S 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM250-c 0.035 0.005 11.5947 0.36
RM425-a 0.034 0.004 10.385™ 0.52
RMS8029-b 0.022 0.003 9.90" 0.62
a=0.302

e Ol sear (J5S e sl SOLES 5 analy ke Olgioas iy 035 45 Gley (St 5 Lol 23 03 g5 0 Oew S5 =Y o
Ll e
Table 7-Stepwise regression analysis for root weight as dependent variable and molecular markers as

independent variables

Je @ ok sl e s S 5 e p SSLee 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM8255-b 0.002 0.0001 9.110" 0.31
RM8024-a 0.001 0.0001 9.518™ 0.50
RM3302-c 0.001 0.0001 9.267" 0.60
a=0.003

e Olgees JiSse ba SOLES 5 ataly e Olgeas adn ) sliad o Sley (Sl 25 Lol 5 55 55 5 e S5 -A s
Ll e
Table 8-Stepwise regression analysis for root number as dependent variable and molecular markers as

independent variables

Jude 0l 3l e s 85 s Sl Ko 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM6481-a 1.146 6.443 9.924” 0.33
RMS8029-a 1.032 5.705 13.521" 0.58
RM112-c 0.701 4.509 13.758" 0.69

a=3.466
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Table 9-Stepwise regression analysis for stem weight as dependent variable and molecular markers as

independent variables

Jde @ ok 35l e NP S e p SSLee 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM5460-d 0.005 0.0001 124217 0.38
RMS8029-a 0.001 0.0001 17.191" 0.64
RM112-a 0.001 0.0001 18.869" 0.75
RM425-b 0.002 0.0001 23.730" 0.84
RM250-c 0.001 0.0001 30.762™ 0.90
a=0.009

e Olgeay J5S0se sl KA 5 aily ite Ol ey Sl J3b o Jloj (S (55 Tl 12 53 5500 G 55000 s

Table 10-Stepwise regression analysis for stem length as dependent variable and molecular markers as

independent variables

Jbe @ o sl e NP S Doy o 5 Sils 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM6481-b 1.850 18.198 127827 0.39
a=6.534

e Ol J oS0 gla Sl 5 anly iie Ol e alo), Jsb &S Slog (S 25 Sl b 53 5500 0o S5 -0 o
Table 11-Stepwise regression analysis for root length as dependent variable and molecular markers as

independent variables

Je @ o sl e NP S ey o 5 Siles 5
Variables entered Regression Squares mean F R
into the model Coefficient
RMS8030-a 0.90 3.874 6.757 0.25
RM425-b 0.773 3.089 6.407" 0.40

a=1.664
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Table 12-Stepwise regression analysis for genotypic code as dependent variable and molecular markers as

independent variables

Jude 0k 3l e s 85 s Sl S 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM250-¢ 2.866 33.645 11.958" 0.37
RM3302-¢ 2.045 26.695 13.886" 0.59
RM8255-d 1.695 22.290 17.410” 0.74
a=7.147
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Table 13-Stepwise regression analysis for biomass as dependent variable and molecular markers as

independent variables

.Lj@ Ja.t«cb @\:)Jﬁjﬁi J:jjls.),.:f

Jbe 0 0kd 515 e s B3 s Sl S 5
Variables entered Regression Squares mean F R
into the model Coefficient
RM3302-¢ 0.002 0.0001 6.407 0.24
RM5460-b 0.002 0.0001 7.236" 0.43
a=0.010
aK.«i.'z\J 6))_5[.&5 oIS LsLsﬁeK.&.“oLa)T sz-.a Q‘y)iw.a d)‘}g.wl?«:
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Table 1- Analysis of variance (combined) for oil percent of under studied sunflower genotypes in evaluated area

(S.0.V) & it g (d) @olsi ) Slas o fsemee Sl pp Sl
(SS) (MS) _
(Environment) 5. 4 459.184 114.796
(Error 1) J4l slzsl 15 97.372 6.492
(Genotype) . &3 9 522.121 53_0]3"
(EnvxGen) lSe x 53 36 233.504 6.436
(Error 2) o> oLl 135 390.058 2.889
(Total) s 199 1702.241
CV% 3.704

3 gme DVl pde 5 dsj3 ) ids ;00 lecha_.aJl;d;meIom;cl:&__,g;q:ns_,w;a#

*, ** and ns: Indicating a significant difference in the level of 1%, 5% and no
significant difference respectively.

o 30 Gl 3 Ols ST pB 1 5, Ao ss sl AMMI Jute bl 4 35 =Y s
Table 2- Analysis of variance (Ammi model) for oil percent of sunflower varieties in evaluated area

Table 2- Analysis of AMMI model variant for oil sunflower cultivars in the areas investigated

(S.0.V) & it sl slilems Slempeme oy, T oS
(df) (SS) (MS)
(Total) Is 199 1702.24
(Replication) ;| 55 52 1231.355 23.679"
(Treatment) ;Lo 3 16.54 5515
(Genotype) . &3 9 522.12 58.0|34”
(Environment) sl 4 459.18 ] [4_?96"
Ol x5 ez 3 "
- “ - 36 233.50 6.486
(ENVXGEN)
IPCA, 12 108.818 46.60 9.068
IPCA2 10 73.445 31.45 7.344
[PCA, 8 40.168 17.2 5.021
(Noise) (55 silail, 6 11.07 4,75 1.845
(Error)sas sles! glas 147 470.89

3 fne IV pls 5 Ao po ) s )30 Jland el 53 5ls cae DMl aas DL LS S 4 NSy g
*, ®% and ns: Indicating a significant difference in the level of 1%, 5% and no
significant difference respectively.
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Table 3- Oil percent in first, second and third main components amount of sunflower varieties

bilosles  pllel SKke  IPCA,  IPCA,  IPCA,
\ Berezans  46.505 -0.0361 1.1167 -0.1669
Y bulgd  46.7865 1.0475 -1.0065 0.3447
¥ bulgS  43.9185 -1.2302 -0.6029 -0.2063
f Favorit  46.3985 -0.1991 -0.554 -0.8042
6 Lakumka 42559 -0.3028 0.1232 1.2885

5 Master  47.975 1.1743  0.5903 -0.2932
v R453 46.56 0.4558 0.4261 0.0806
A Record 467135 0.0946 -0.6871 0.2611
q Sor 443785 -0.9334 0.5801 .01751
Ve Zaria 473775 -0.0704  0.014 -0.6164

OR :J}”LSLAUK"’LS‘J‘ f}w)f)} 5JJ\ L;L\a\ 6[.&4.&.3}))":&»)4.3\: );L,& -¥ Jj.,\;-

Table 4- Seed yield in first, second and third components amount of evaluated area

Ol OGS KL IPCA,  IPCA,  IPCA,
S KRJ 4824 0.0597 13424 -0.0319
w3 ORU 465 -0.0473 _1.1872 -1.1286
S5 BOJ  43.65 -1.519 -0.5018 0.972
i SHZ 45.13 -0.1866 0.7903 -0.5881

sUTedel  ISL 4591 1.6933  -0.4436  0.7767
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24 r
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.
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Fig 1- Biplot base mean and IPCA1 for sunflower cultivars and environments (AMMI1).
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