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Table 5- Simple correlation coefficient among morphophysiological traits in cotton cultivars
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Figure 1- Correlation between plant dry weight with (a) RWC and (b) Leaf temperature in cotton cultivars
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Introduction

Major cultivated cotton regions of Iran are located in dry and semiarid climates, therefore water deficiency or
drought stress is inseparable part of cotton production systems in these regions. So identification and
introduction of drought tolerant cotton genotypes is crucial. showed that water stress decreased plant growth rate,
leaf area and finally photosynthesis in cotton. In addition plant height reduction is a primary effect of water
stress. According to results, net photosynthesis, stomatal conductance and transpiration decreased
simultaneously with an increase in drought stress intensity.

Physiologic traits monitoring were notified as a proper gadget for selection and improvement of germplasm.
Whereas investigation of many genotypes in field conditions under drought stress is difficult and it is not
accurate enough, also good correlation has observed between the results of drought tolerance at seedling stage
and field experiments, therefore this research has tried to evaluate some of the morphologic traits in cotton
genotypes at seedling stage under drought stress and none stress conditions.

Materials and Methods

22 cotton cultivars were grown under none water stress (field capacity) and drought stress conditions
(-IMPa) using a factorial arrangement of treatments based on randomized completely design with three
replications at College of Agriculture, Ferdowsi University of Mashhad in 2011. Then each genotype (10 seed)
was sown at a pot (1.5 1"). At two true leaf stages, pots were tinned to one seedling. Soil moisture content was
kept up to two true leaf stages at field capacity and at the end of experiment, it was conserved about -1MPa using
weight method.

The measured parameters were:

Plant height, leaf area, dry weight of leaf, stem, root and whole plant and also decreasing percent of each
parameter under stress in comparison with control in any genotype was determined at the end of experiment.
Stomatal resistance and leaf temperature were measured with leaf porometer set (model Decagon Devices, Inc)
on three leaf stage of cotton seedling. Relative water content (RWC) of leaf was also measured. Variance
analysis, Comparison of trait means and correlation between traits were carried out using SAS and Excel and
least significant difference (LSD).

Results and Discussion

Interaction between water deficiency stress and cotton cultivars were significant (P<0.01). Drought stress
decreased the number of leaf per plant significantly (p<0.01) by about 43.2%. Leaf area decreased significantly
(P<0.01) under drought stress, but there was not significant correlation between leaf area and total dry mater or
leaf dry weight. This object showed that effect of variations of leaf area on the amount of drought tolerance in
relation with dry matter production was low. Overall drought stress decreased dry weight of stem (29.1%), leaf
(59.9%) and root (61.5%) significantly at the all cultivars in comparison with well-watered condition. According
to the correlation coefficient, leaf dry weight altered with changes in leaf surface (r=0.82"") and leaf number
(r=0.76 ).

Under conditions (stress and none stress), maximum dry matter had allocated in leaves. In addition to
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cultivars such as Varamin and 43347 that had the lowest decrease in leaf area and leaf and stem dry weight, root
dry weight showed the lowest decrease of. The most decrease of plant dry weight after drought stress belonged
to 43259 (80.7%), Asj2*349 (72.5%) and Nazili84 (72.1%) cultivars and the least decrease of plant dry weight
after drought stress belonged to Varamin cultivar (39.7%). According to the correlation coefficients, changes of
leaf dry weight (r=0.95**), stem dry weight (r=0.94**) and leaf number per plant (r=0.80**) had the most effect on
changes of plant dry weight. The results showed that cultivars with the maximum dry weight necessarily had not
the lowest decrease of dry weight in comparison with the control. According to the result of leidi and et al/,
(1999) drought stress decreased relative water content of leaf in cotton cultivars significantly (p<0.01), Tolerant
cotton cultivars showed lower decreasing of RWC under drought stress in comparison with susceptible cultivars
and also plants with higher RWC had higher plant dry weight. Drought stress had significant effect (p<0.01) on
stomatal resistance and amount of stomatal resistance reached 4.8 fold under drought stress. Cotton cultivars
showed obvious difference in stomatal resistance. 43347 and nazili84 cultivars had the highest and Varamin and
Irma had the lowest stomatal resistance, respectively. In addition stomatal resistance increased more in
susceptible cotton cultivars in comparison with tolerant cotton. Stomatal resistance had negative effect on other
parameters. Drought stress increased leaf temperature significantly (p<0.01) and also difference of leaf
temperature among cotton cultivars was significant (p<0.01)

Keywords: Correlation, Drought tolerance, Dry weight, Leaf temperature, Stomatal resistance
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Table 1- Genotype number, name and origin of studied oats genotypes

wy}o)\‘»ﬁ Af/fwb slico [Septys o)Lo..D Af/fwb sliio
Genotype Number Code/Name Origin Genotype Number Code/Name Origin
GO1 1Z0P95 Saskatchewan (Canada) GI8 Brusher SARDI (SA, Aus)
G02 Glider SARDI (Aus) G19 Dalyup WADA (Aus)
GO03 GriseD'Hiver France G20 GA Mitchell Georgia (USA)
G04 1L92-6745 [llionis (USA) G21 Kingfisher UK
GO5 L'Gorskij 1 026 USSR G22 Nasta Finland
G06 Mortlock WADA (Aus) G23 NZ2101 New Zealand
GO07 NZ2742 New Zealand G24 Preston Minnesota (USA)
GO08 ND873364 North Dakota G25 UFRGS123 Brazil
G09 OH1022 Ohio (USA) G26 UFRGS 940257-1 Brazil
GI10 Possum SARDI (SA, Aus) G27 470P95 Saskatchewan
Gl1 Quoll SA (Aus) G28 AK-5 Japan
G12 Swan WADA (Aus) G29 Ozark Arkansas (USA)
G13 UPF 775456 Brazil G30 C-1/130 Minnesota (USA)
Gl4 Wallaroo SARDI (SA, Aus) G31 UFRGS 94-98 UK
G15 Wandering WADA (Aus) G32 Force e
G16 Wintaroo SARDI (SA, Aus) G33 1A 91098-2 lowa (USA)
G17 Arnold ..l
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Figure 1- Monthly total rainfall (mm) and temperature (°C) during 2011-2012 cropping season
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Table 2- Physical and chemical properties of field soil sample

Soil texture Fe Zn K P N O0.C TNV pH EC
ppm YA dsm™
Clay 3.62 1.20 490 5 0.012 1.25 125 7.6 0.31

I 025 10.CtpundS iy S o py 02595 35 Dlgo Mo yd : TNV
T.N.V: total neutralizing value; O.C: Organic Carbon
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Table 3- Analysis of variance for studied traits of oat genotypes in complete irrigation and moisture stress conditions

MS
S.0.V. df Fe Zn Fe Uptake Zn Uptake
S NS S NS S NS S NS
Rep. 1 9940 84262° 83.59 6.95 84664 452977  480.1  8873.9
Gen. 32 3430 8554  80.67 54.21 18225.6° 31064.1 3907.6" 8513.9
Error 32 4944 7042 10297 81.03 10074.3 38678.6  1311.4  4940.1
CV% - 2513 2878 2500 21.09 3299 43.39 26.23 32.86
Table 3- Continued -¥' Jgus aol>!
MS
SO.V. df GY NSP NPA TSW
S NS S NS S NS S NS
Rep. 1 189776 5700294  93.74 275.7 23758.5 105122 1.0 0.19
Gen. 32 22308137 3331085° 193427 1746.07 34072.47 63057.37 36.7 488"
Error 32 538593 1791849  404.9 160.18 4779.2 20235.8  2.18 433
CV% - 21.20 27.03 32.52 23.91 18.17 26.93 495  6.36

ol i gy 00l CV Ll JolS g )lol g Linghoy (55 (slalases simd s i 5 NS 5 S oo 10Ky 5 i Jloin] o 3 Jbize g ™ 5

“and " Significant at the 5% and 1% probability levels, respectively.; S and NS: Moisture stress and Non-stress, respectively; CV;

Coefficie
Fe Uptake ¢ «l> 3 (g9, jluio) Zn (s y> ol Hlaie) Fe (abye-+ 559)

nt of variation.
TSWe(gye yio » adgs dlawi) NPA (aies j3 il 2laws) NSP (aih 5 Slas) GY

a1 bawgs odd iy g9y 5lie) Zn Uptake {(aib Lwgs odd cudldy yal i)

GY: Grain yield; NSP: Number of spike per panicle; NPA: Number of panicle per m?; TSW: Thousand seed weight; Fe: Grain iron
concentration; Zn: Grain zinc concentration; Fe uptake: Grain iron per hectare; Zn Uptake: Grain zinc per hectare
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o Slas alidl s Wl g gy 5 Lulyd 2 & 5 53,
53 Soe (352YL A o)lod iy > G5 350 LS 53 o)
2 g g bl 3 g9y clale (39 VL Y o)led i
2 Mo B (ol el (gugb) 5 o5 CdS i ggerne
S 55 5 Shas il b aS s pa s aib (g9, 9 oal polio
38 )LSe )3 95 5 ol 0 Shes (uliil el coles 5 aib
aS byl oS <ol g i bylyd o ely; Glas oo duwldo
byly b > dded )0 ash ol | e osd (6 505l0] Gl der
QS Bl LS S g bl ) S (Sgbo)
593 a8 ab &l 3 Sles 3 (o Ve dgds EalS el igb,
WAl so T D ol s
e )3 a0 VY 29 aljdl el ugh) (45 rizen
Lo dVA lieds pdaw doly )0 ddigs ol Lol cdds ddgd > 4l
W 5(Quoll) WY sl ac g5 (F Joda) 8L ial <
02 9 (s 4 g 15 bl 3 (UPFTT5456)
V8 slacaig; (JolS oyl bl jo sl 1y il 5 Slos
9 (3 sy i yay (UFRGS 940257-1) Y5 4 (Wintaroo)
by T i (F Jpie) 28 | s 3 Sl a8
U dons cpl a8 0 o 2V liedy bV e v 50 ialS sl
ashbyeve oyie aily jLelsl a S Pantuan e al, 2002 gl
il cllae Wb oo oS (SiiS A5 S 0 e lacsss
3 Seis i Jleel g wad Liolesl ,> Gooding e al, 2003
aly 0545 090 (3,50beS b (Sid i aS waly ylS puS
OT )A;b Oy g 0l WbV eer ig 5 aib 5 Sl ials cely

JUye |y Triticum i wwdlipys il (glod ynS aiels a5 L3
O3S 1y 95 5 ool lsime Sl Slaial iz a9y 5 wles S
.(Batten, 1994; Monasterio and Graham, 2000) s less s
A5 obliEn clapiS il gg; g opl (sloie aieh wldllas (5 p
OY/Y L5 YOIV o 0810 L5 YAIA i yidns | ogms p)) 5 (g
Ya/0 Ls VP/¥ 9 AVY L5 VA (Welch and Graham, 1999)
Liuet al.,) YY/¥ GASIY 4 #Y/5 5 YY/A 4 (Oury et al., 2006)
2 Sgy ke plise sl ord (1)1 )5k )3 25 e (2006
Seis godle p)S5lS 3 p)5 VO B YD o &LS slacsl
Vel S gy ke TS 035 plyis iz g 0dd ()18
2lbolS ) paie o 59%? el oy p)SolS )3 25 e
(59 39:S & LS Couwlws Ysero (Sommer, 1995) 544 0
Bagci et al., ) el i b o Codgasme byly s cos
(2007

i yd a8 guiSYF I puiS (3 ,YY &l (g9, 9 opl 4je0
ol clale aely 45 w5 o3l LS wagy 03,5 A, calise 1S
pSekS 10 5,8 LY U Y o g9y clale alely g FALYS 4y
2 BYey ab ggy clale lawgio .(Pearson et al., 2008) cul
@l o3gum )3 G5 g JolS (bl bl 93 50 ) (alojl
P51 51 YL sl ails ol clale Lol il oo o )83 islojl
aS el Gl Sal (b ol .cwl o 55
2 il g 33,5 (e ol oslil JlByd gl g9 plasl Cuo
&9y @ Jds ol e &l o5 Sl (Sl slass
Yasrebi ef ) d4i 0 031 Cuns Jolowe Sy )Se (595 4 Joloro
{al., 1994

Gl 595 5 onl Gliee & Sbolis Jalefl el §l Jols gl
go-te sl iy 3 )Shos &y dagi b )l )3 &y bawgs 003
5 UPFT75456 5 Dalyup slocssss «pti5 9 Ll > s
a3 ND873364 5 Quoll slac s s byl b o
LS > a0b g o1 ol ol e o 1aS g (i
bylys > UFRGS940257-1 4 TA91098-2 (slacysss .ol
oy b, i blys > Wallaroo 5 Quoll ¢ JelS o)Ll
LS 55 ail g oad e (g9 Jlde (ka8 g (e
(¥ Jsa) sl

L ol bbd 5l lacaiess o a5 s lis dalllas opl pols
Sl i 3 )3 4l 13 g9y 5 al (Slsme o ralS
ogby i 5, oal jlade jialS ol dgvg (lalas Mo b
3 ol e LialS oy i A5 dusle o yde /) Lawgie Hoba
Aojlomd g am byye (10 2DVA) (g b i 5]
595 dn barye (Mo 2FY/E) Linliél o i 9 (ND873364)
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Table 4- Mean comparison of studied traits in moisture stress and complete irrigation conditions

Gen. No. Fe(PPM) . Zn (PPM) ., _Fe Uptake (gha™) o, _ZnUptake (gha™) .

S NS R% S NS R S NS R% S NS R%

1 92.88 9140 -1.6 3772 47.04 19.8 397.8 5263 244 157.63 271.70 42.0
2 78.67 7696 22 3203 43.12 257 2350 3981 41.0 92.66 22457 587
3 90.54 83.19 -8.8 3688 3726 1.0 4003 4613 132 16286 20741 215
4 9727 82.84 -174 3895 4542 142 4191 5158 188 169.80 28525 405
5 97.02 86.16 -12.6 4380 4453 1.6 2854 5063 43.6 12862 25529 496
6 11428 91.16 -254 5498 4515 -21.8 2468 5053 512 11841 259.60 544
7 7142 8796 188 34.62 4426 21.8 1732 2689 356 8380 13541 38.1
8 64.02 15926 598 39.46 3854 2.4 1398 6311 776 86.17 13667 37.0
9 101.07 91.80 -10.1 43.69 50.11 12.8 4259 3120 -36.5 18322 163.65 -12.0
10 86.39  67.56 -27.9 38.80 4878 20.5 3384 2605 -29.9 15433 188.04 179
11 81.30  65.07 -249 3727 46.01 19.0 529.7 4254 245 24133 299.92 19.5
12 8524 102.62 169 5334 4786 -11.5 2728 5466 50.1 17243 25257 31.7
13 8521 101.12 157 4427 3787 -169 1640 2441 328 8529 9368 9.0
14 11227 99.10 -133 27.81 30.07 7.5 2845 3807 253 5481 12624 56.6
15 7495  63.59 -17.9 3535 5034 29.8 3465 3428 -1.1 16557 25708 356
16 88.93 8437 54 5013 39.01 -240 3385 6025 43.8 18378 27949 342
17 103.19 9387 -99 40.68 41.13 -21.9 2137 3417 375 10539 15057 29.8
18 76.59 7728 09 4148 3574 -13.8 3465 4676 259 183.66 21547 148
19 98.51 110.73 11.0 4240 4476 7.3 4395 7624 424 18595 29649 373
20 91.37  83.00 -10.1 4251 47.14 10.1 3852  560.1 312 17798 317.65 44.0
21 78.81  90.81 132 4121 4492 54 2007 4567 56.1 100.86 222.15 54.6
22 71.52 11379 372 3387 3279 257 2189 5447 598 11845 17847 336
23 7693 117.84 347 2856 44.00 23.0 317.8 4345 269 14200 14695 3.4
24 57.94 8243 297 4412 4638 384 1421 4653 695 7146 261.16 72.6
25 88.21 10321 145 4413 43.11 -2.3 4434 5744 228 22165 23360 5.1
26 11125 12535 113 46.60 37.60 -174 3267 2920 -11.9 12878 8831 -458
27 88.35 131.77 33.0 46.60 4345 -7.3 2800 6984 599 139.19 20495 32.1
28 97.88 100.04 22 4677 36.64 277 2248 3945 43.0 10478 138.00 24.1
29 9127 79.72 -145 4370 4294 -1.8 3244 4856 332 15528 262.89 409
30 88.91 8345 62 4281 3695 -159 3364 3430 19 16179 15159 6.7
31 8443  69.15 -22.1 3468 39.86 13.0 2275 3230 29.6 9406 18822 50.0
32 93.65 76.50 224 37.66 4256 11.5 2647 4290 383 108.63 24027 548
33 98.85 68.85 -43.6 3279 5271 37.8 3492 4539 231 11491 32362 645
Avr 8846 9219 0.1 4056 42.67 33 3042 4532 289 13805 21383 354
Max 11428 15926 59.8 5498 5271 384 5297 7624 77.6 24133 32362 726
Min 57.94 6359 -43.6 27.81 30.07 -27.7 139.8 2441 -36.5 5481 8831 -458

LSD5% 4528  54.05 - 2067 1833 - 2045  400.6 - 7376  143.17 -
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Table 4- Continued -£ Jgas 4ol

Gen.No. GY (Kgha) NSP NPA TSW (g) R
S Ns  R% S Ns  R% S Ns R% T3 Ns R
1 4233 5823 273 9557 88.78 -7.6 1648 4665 647 2752 3138 123
2 2944 5206 435 38.62 31.04 245 501.0 4507 -11.1 3040 34.78 12.6
3 4414 5555 205 10374 50.59 -105.6 3454 4165 438 2450 31.36 219
4 4537 6232 272 7626 4530 -683 399.1 4590 13.0 2536 29.16 13.0
5 2945 5803 493  69.61 96.14 276 1769 211.0 162 23.80 30.12 20.0
6 2153 5690 622 3554 40.83 129 4028 663.6 393 3057 31.66 3.4
7 2411 3053 21.0 9856 58.19 -69.4 1852 2739 324 29.02 34.42 15.7
8 2142 3475 384 1035 89.69 -154 368.6 284.1 -29.7 2470 2648 6.7
9 4474 3372 325 7740 41.86 -849 5213 5507 53 31.02 37.02 162
10 3999 3862  -3.5 4635 2876 -612 4973 5183 4.05 3332 3692 9.8
11 6491 6562 1.7 4510 3830 -17.51 6167 608.1 -1.41 32.62 3820 14.6
12 3177 5375 409 37.61 3945 47 3704 4516 18.0 3824 42.06 9.1
13 1922 2438 212 2979 3830 222 2139 2638 189 31.88 3432 7.1
14 2477 3648 32.1 3059 42.84 28.6 401.0 5969 32.8 3336 3622 7.9
15 4623 5249 119 5773 3564 -62.0 412.1 6358 352 3450 37.80 8.7
16 3802 7163 469 3738 3280 -140 3287 671.0 510 34.14 3924 13.0
17 2078 3631 428 12450 11519 8.1 2435 3360 27.5 2438 2640 7.7
18 4514 5741 214 30.13 4646 351 4565 7423 385 3372 3621 6.9
19 4619 6542 294 3795 4553 166 599.1 800.6 25.15 32.78 37.84 134
20 4186 4736 379 4301 4144 38 4612 6802 322 3586 36.94 2.92
21 2442 4809 492 6394 6026 -6.1 2722 389.6 30.12 2506 2636 4.9
22 2805 4934 413 137.77 14622 58  262.1 2545 -3.0 30.87 24.45 263
23 4239 3378 255 6877 23.32 -1949 4889 7089 31.0 27.64 2990 7.6
24 2720 5609 515 6624 5659 -17.1 2815 421.1 332 2412 2623 8.0
25 5007 5321 5.9 3485 22.66 -53.8 601.0 8144 262 3134 3578 124
26 2930 2361 241 1691 2093 192 5612 5146 -9.0 37.80 40.28 6.2
27 3132 4935 365 10730 9338  -149 180.6 352.6 48.8 25.66 29.60 13.1
28 2298 38900 409 47.84 30.83 552 317.6 570.1 4428 2836 26.10 -8.7
29 3555 6094 417 3128 2376 -31.6 5204 8348 37.66 32.08 3542 9.4
30 3775 4106 8.1 91.08 7883 -155 2989 4387 34.1 2448 2958 17.2
31 2710 4684 42.1 38.18 4224 9.6 3445 4313 20.1 3320 3147 55
32 2869 5564 484 4453 2662 673 3667 7941 53.8 28.84 32.12 102
33 3517 6541 462 7395 7406 0.1 3982 6238 362 2370 33.82 0.5
Avr 3485 4951 30.1 61.86 52.93 232 3803 528.1 279 2984 32.71 9.7
Max 6491 7163 622 137.77 14622 351 6167 8348 64.7 3824 42.06 263
Min 1922 2361 -32.5 1691 2093 -1949 1648 211.0 -29.7 2370 23.82 8.7

LSD5% 14949 27266 - 4098 2578 - 1408 2898 - 301 423 -

3 ol luie) Fes gby (i 51 0 Caio @l 0oy R% (aibVe =+ 50) TSW e yio jd adgs i) NPA (asgs 5 ald sla) NSP (ails 5 ,Shee) GY

Loyl NS £ ngboy (25 baslyds S s Lawgs o cdlyys (g9, ,lde) Zn Uptake (4l bawgs oad sl oyal lide) Fe Uptake (4 )3 (g5, jlids ) Zn g(ash

B ]
GY: Grain yield; NSP: Number of spike per panicle; NPA: Number of panicle per m? TSW: Thousand seed weight; R%: The
percentage of trait variation due to moisture stress; Fe: Grain iron concentration; Zn: Grain zinc concentration; Fe uptake: Grain iron
per hectare; Zn Uptake: Grain zinc per hectare; S and NS: Moisture stress and Non-stress, respectively.

»asb gsy 8 u_zzsl clale o suie (Suned &S Lledly L
Cakmak et al., 2004; Welch and Graham, ) 5> 5959 <M
cobile aS us ascie Peleg ef al, 2008 islojl 4> .(2005
5 J=l oyl blys 93 50 53 (ol b e (S a5l (g9,
9 ) e Ciumd (Siusen Oury et al, 2006 Lol .cusly i
95 ol cbale o Cute (Stuued dgzg 03 555 1) 4 (gq,
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S5 e bl Bkl (Sole ]y cdo 93 ol Glpee
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Table 5- Simple correlation coefficients between different traits in complete irrigation and moisture stress conditions

GY NSP NPA TSW Fe Zn Fe Uptake  Zn Uptake
GY 1 -.119 0.579" 0.213 -0.045 -0.148 0.918" 0.8917
NSP -0.017 1 -0.563"  -0.6637  -0.264 -0.057 -0.188 -0.151
NPA -3 0.439"  -0.646" 1 0.5107  0.170  -0.068  0.594" 0.5207
TSW I 0068  -0.623"  0.409 1 0.142  0.193 0.244 0.316 3
Fe 3 0.438° 0.288 -0.275 -0.167 1 0.378" 0.342 0.083 K
Zn \_? 0.335 -0.165 0.134 0.109 0 3‘5 " 1 0.008 0.305 %
2 )
FeUg’tak 0.621" 0.239 0.213 -0.080  0.406°  0.051 1 0.871°"
ZnUptak 0952 0065 0413 0.092 T 0590 0.544™ 1
e 0.470

2038 g gy Jleis] o )3 Jbgine s T o
*and ”*: Significant at the 5% and 1% probability levels, respectively
Fe Uptake (x> )3 (g9 o) Zn (ails ;3 oyl jluie) Fe (ailsVe v+ y39) TSW (mpe yio p> adgs sluss) NPA (asgs )3 4ils o) NSP (il 5 Slhee) GY

JolS” ()bl Ll NS ¢ ioboy (25 byl S (il Lausgs o cudldy g5y Jaie) Z0 Uptake f(als bausgy o cudlyy opnl ko)
GY: Grain yield; NSP: Number of spike per panicle; NPA: Number of panicle per m?; TSW: Thousand seed weight; Fe: Grain iron
concentration; Zn: Grain zinc concentration; Fe uptake: Grain iron per hectare; Zn Uptake: Grain zinc per hectare; S and NS:
Moisture stress and Non-stress, respectively.
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Introduction

Oat is an important crop which is cultivated in 9,679,190 hectares and produced as much as 22,504,708 ton
worldwide (FAO. 2011). This crop is used mainly as forage cereal; however, it is also used for human
consumption in the form of oatmeal and rolled oats because of high amounts of B and E vitamins (25).
Regarding to calcareous soils of Kermanshah province (Iran) and the importance of iron and zinc functions in
human societies and efforts to find out a way to solve the problems caused by their deficiencies, an experiment
was performed to investigate the genetic diversity among oat genotypes in term of iron and zinc contents in grain
and agronomical traits under complete irrigation and moisture stress conditions.

Materials and Methods

The experiment was carried out with 33 oat genotypes (Tablel) in a randomized blocks design with two
replications under complete irrigation and terminal drought stress conditions at the Research Farm of Campus of
Agriculture and Natural Resources of Razi University, Kermanshah during 2011-2012 cropping seasons. Oat
genotypes collected from different countries of the world were obtained from South Australian Research and
Development Institute (SARDI). Sowing was performed by hand at five row plots, 1.2 m length, and 0.20 m row
spacing. Regarding the amount and distribution of rainfall (Figure 1), irrigation was carried out five and two
times at complete irrigation and terminal moisture stress conditions, respectively. Terminal (end-season)
moisture stress was imposed at flowering stage. The rainfall at the cropping year of the experiment was 308 mm.
Chemical fertilizer, herbicide and pesticide were not used at both sites. Before planting, the soil samples were
collected from 0-30 cm depth from different parts of the field, air dried, passed a 2 mm sieve, and different
physiochemical characteristics (Table 2) such as pH, EC, organic matter, zinc and iron contents of the sampled
soil were determined (Page et al., 1982). At full physiological maturity, two middle rows of each plot were
harvested to determine agronomic traits, grain’s iron and zinc concentrations. Grain Fe and Zn concentrations
were measured by Atomic Absorption Spectrometer.

Results and Discussion

The stress intensity was calculated as much as 30.1% (Table 4). In complete irrigation condition, the average
grain yield was 4951 kg/ha and “Wintaroo” (7163 kg/ha) performed better grain yield than others. In moisture
stress condition, the average grain yield was 3485 kg/ha and “Quoll” (6491 kg/ha) showed better grain yield than
others. The reported average grain yields were much higher than oat’s average grain yield in world which was
2325 kg/ha for 2011 (9).

Results showed that oat genotypes did not significantly differ in grain’s Fe and Zn concentrations in both
conditions. But, the range of data for iron in oat grain was from 63.59 (Wandering) to 159.26 (ND873364) and
from 57.94 (Preston) to 114.28 mg/kg (Mortlock) in complete irrigation and moisture stress conditions,
respectively. This range for zinc in oat grain were from 30.07 (Wallaroo) to 52.71 (IA91098-2) and from 27.81
(Wallaroo) to 54.98 mg/kg (Mortlock) in complete irrigation and moisture stress conditions, respectively. The
analysis of variance showed significant variation among genotypes for iron and zinc uptakes under moisture
stress condition. Due to higher grain yield of “Quoll” under moisture stress condition and acceptable grain yield
in complete irrigation condition, the highest amount of iron and zinc of grain per hectare was found in “Quoll”
under both conditions. The comparison of traits between complete irrigation and moisture stress conditions
indicated that stress reduced most of traits, although these reductions were not considerable for iron and zinc in
oat grains. As these reductions varied among genotypes, therefore, it could be concluded that the reductions or
even increases in iron and zinc concentrations due to moisture stress were highly genotypic dependent. The
results of coefficient correlations indicated that there was a positive significant correlation between zinc and iron
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uptake which could be helpful in breeding programs. The positive correlations between the concentration of zinc
and iron in grains were also reported in the previous studies (Cakmak et al., 2004; Welch and Graham, 2005).

Conclusions
According to the results of this research, it can be concluded that the ranges of variations in iron and zinc in
oat genotypes were considerable and useful which can be applied in continuing breeding programs. Moreover,
“Quoll” (south Australian cultivar) could be introduced as a cultivar with high grain yield, high grain iron and
zinc per hectare under moisture stress condition in Kermanshah province (Iran).

Keywords: Grain quality, Kermanshah, Micronutrients, Moisture stress



Iranian Journal of Field Crops Research
Vol. 14, No. 3, Fall. 2016, p. 427-437

i

010! =y Sl gy 4yl
FYV-FYY .o ATA0 jub ¥ o lad IF b

gy i byl e 43 0, SIS Wil 5 Slos Culs 49 35 g Olbo (ot (Sumnod

=Y .l . ] R
WAY/N /¥ bl o,
WAY/¥/5 15 pdy o6

LXVCES

g oy iy > Lol o e 5 o Il 55 S5 5,8k i) 3 i 5 gl oS G o
S s d olas oS sl LB 13 00sd 3 (olacs S gy yinlojl 8,3 plool L e gy olSiiily  Slasiog acyje 13 VWAY Jlo 4
) S Sty 5 (3 5 simyste g ) (sl IS ol 55 598) Sl syl sy s s Joli ol Jle 13 !
Mecl 1 e o P Jol S35 05, i oy (st 25) oS S B gty el 5] ol oS ey (2305
g by pasls a5 b plis b 5 Slas S5 laciho m)S) 48 @l W8S B (058 S )0 L 9 £ (o <l
B aibheee g g at 3 b S (i pas Lalpd )3 a5k lnd (Sgw)S) S 3)ly sk Laulpd a3 (Sijslon 3 Sles
e 3y S 3, Slac 5 ciyy asLi o 5 J i 9B+ iy oo S 5 bl 5 Sl 3,5l 5 Eadly Sl
039 @S QS lalpd )3 o(+1A0) il pasli g (+/A%) Suiglsm 0,es 5 pas Laulyd 3 & L @S e WA (Sgee S
Slazsh by 3 Sas 1y a3l o 5t (V) sl (asls o ganaily (s balyd > 9 (VAY) alby- .-

oSy Je «cdly py yad L o a3 5 i e gdnaly 5 1 gl sWaaily

.(Falconer, 1998) 53,5 & ly s do Sl o o] sla) sy s
2 g dg p b sl b 5 Slas s i op Sere 45 Al gl
AbYerr 59 a8 Jls j0 0dg @by aild sl cuenl pgd as
Ashri et al., ) cul ausly ely; 5,5 ab 3, Slas (59, b
LabYeer 39 ub ol o oS cuwlodl lis aazsly (1977
D05 29 (g)b xe g Cio (Siumar 5,5 50wl 5 Slas
S35 b Gy Bk s oy pdy90 Dlao (s Sl pizen
o=l P8yl gy 5 4l 3 Slas 2Mol )3 |y cupenl (3 5k gy
(Rao and Ramachandram, 1997) sl il eq; ail> olS
Ol 2 cle Joladllan lo iy, 5l (S0 e 4o
PRt § ok 4325 (6l 45 Wb oo bypusie Sl (glas gorre
8 oolail )50 11253 )90 Slhio i jod g paditene 51 4,
2 ash oy Slee gl Cule 5 (Sod ulpd adllas 2,5 o
059 905 33 i oliw Slas wlwly Gl a8 sb jLis K5I8
Paliwal ) 3l a5l 3,Shee il 53 1y 15U o 5 i ailsyees
ol Hlpbl cule &4 355 sl )d (yuispn .(and Solanki, 1984
Sy > dianly jeiite b oy 0390 Jolgs 1 Sy pp (Stson oS
3 o ey g i SlpST A Wl oo 0 piadias s
Dewey and Lu, ) 545 4 jo0 Ja s gl psio pluw )b
Jloy baylps o K15 )l (g9, 413 )5 plol s 15 .(1959

LY-RUMY

o 2YO-Y0 U (Carthamus tinctorius L.) S5 ,I5 Sl

9y Loy oS85 Ll eSg g 2o )2 WW-VY 5 (s
@t 31 Tl 55l Jdoar g 5 009 ol goge oS el e e
e g bl O laded (ib 5 (S 4 Cglie oS
&lisdn sladsliy y> (Ashri ef al., 1977) wil o a5 350
Slico 1 8l cage chv din b SOy ol wad (e
lojmg Coponl jl Sline (o (Son (op W g 10
Olbaasio Ll o fuinpd Olas o (Sued Cul Hl3 )53
515 o i (sl i i S ol 21,y Lo
Ll 6 el Ll Lol (6p50jlul a8 Slaw )b 5 g
Lo, o8l 5 ey e lio Lol (Amini et al., 2008)
il o slofag ool b gl G (Stuar (Silear b g
oloal 4 039 ash 5,Slee Cuts (p Ste W Shg cpl o
0355 e iz ol (39 Sjk cdees o] ol (gl it

e L Legs olKls LS Mol w3l ggmtils —)

e L Legs olKls S5 Mol 5 casl)j 09,8 bl Y

Email: akesht@gmail.com s ofme 0N g5 —
g o 9



WA sl ¥ o)led OF al> oylpl o2l5 sledepos 4pis YA

sy, 9 2lge

asyie PN (el Jlw ole (03)9)8 3 30 o)
LB L phen L logs oltsh (6)5liS oaSisly (Slasios
43, 82VY g ax)oFA oLdls Jobo claisee g bys pdaw 51 eV 54
e85 plonl (Jlad adaV0 g )3V oLl jo)e 5 By
Loy g Siddass gblie ci (conldl )5 51 () 23)90 adlate
a3 )3VF O lsdn d bwgio g o VYT AVl (Su)L 6Sle
2k oyt Gl ol Jsle S 3 35 ol
eSS aw o Boliay JolS slacSsly B j> snbd b slacs S
3 el B (5 g s o 2ol ol Jele 0 e
S sl b g (235 (25) (S b (o235 020+ by
55 i 9 (Al (A5) () B (304015 g9 al o
Fol8y; e (lelyd Mecl ¢y coxe e PT Jolis K515
S bS5 )b sbe)S ppgs bele plsiear L
Aold e Blud e pd) Juolgd jragy Jobar candyzy b
b (oo 5|y pods b 4S5 jlai 5 yie Bl gy 3y 59,
B9y iwd Oyguody S gy to Sl dw Gos jd (iS7 1
Joleo oxdaw 3 cadldyy iy Juad LUy s cudS lacays,
il ST Bi Gl e ()8 (Sl iy dw jlg @pe el
Al Sl gy 4> b dlasd iy £li)] Slas oSST (b )3 plul
b A wloe a5 5 cdSer JS i ey dBlw dlus (3ubs o
a5 il (3,5 0ll Sl gy o9y 20y Sl iz en
L] Al g 08iud 1 ool b ply aiss olKiiolojl ,5 diges
9 AV asus SAS 5 3la 5 51 edliul b (oyle] slaa o0 .cé)S
N38le 5 b Waylages wuoy Path2 ylisle 5 b cule 4 55 Minitab
Jleisl gdeow ;3 LSD s 0jl b aosly 18k duylie 5 Excel
8,8 plosl sy

Ceon g mbs

il slajlas ) ey pd)y9e Slao o (Siwed colps

L asly o, Slas (Siuod 45 2l Lis (Y oY o) slaJgas) o
9 IS QRS (S pas (Susk) m]) 4w > Sy adls
059 Sl g HIEET g VST LBV (S e anail il
Olpse S yobas g +/FYT o /AN OV s sy i) e
5 2J5) sl i Jlesl lulyd )3 o5 )5 s (i
A Cand Cadbdyy et g 6l 0,Slee o (St o gaail
IS G bl )3 iz e s G pis oloj
sl o] GaalSy 43,5 )5 5 ,8h cov iy abVeee (i
PashbYere i g Cidby (asls 0,8 e wb 5)Slee ialS
o Ly (+1007) saizels i 5 (+108%) o JS (5 Lol

RN R e A R R ERt B R Y-=-p
ol byl j a8 Jbs o adly Jloy baylyd jo il 5 Slas (g9,
s i 3l ke 9y Loy g g b Sl
(Khalili et al., 20133) scily 5 Slas

ot g Jley balid )5 )3 updgs slad s adllls
Siw (Siuod colyis Jloy byl pd (0 oS M asuiie by
Mgie g Cuto 3)Shos b S ()9 9 w3V e e (g acid) 53 b
9 Cude g it Ol 31 gl &l Gos g caydy jo i s 5 ol
25b ash 0, Slae S0 Gusb jl Cute g paiiiwe e 3]
a5l Ges ( gby i baylys y> (Purmeydany et al., 1998)
bl by 5ySles oYU g Coto (Siusod (o pd g paiiiano ]
2 G ol b a5 )Slas oS db Ll el); S5 oy
= O )b (gl me (Sinod Bido )0 aib sl g Wi
Slaws g 3l o wib slawd cglals o o )S )y 40 ol yolwl
il by 5,Sles Glynss dngi )0 |y phas (3 ke g b
ab ol 28 S pbs] Gimgh ) iaen (Amini ef al., 2008)
Cowl aib KI5 aily 5,Slos angi )0 |y phao (15 b
il sl Siuned )55 (slaslllas 3 (Abolhassani, 2003)
a8 Jbyd wond ()35 4l pxe g Cude wg jd b S L digy )
g o Ol 3o 59 9 Ay )0 Gubo Dol iy yd Clail sl
(Subbalakshmi and aslaily S5 ashy 5y Slasys (63U
aox jl Glaw | aw cglate (ias Sivasubramanian, 1986)
24l S (el 13 (S B 59y 9 (235 GLL U o) gl
cod aS wab ab o Sles gl Slus (i cleds Wilgh 0 dig
a ied 8Me o, Solpa Lol cglate calisee oo byl
Lol 5l aslen aS sun 3y Shos 5l o ol Sy olulis
Jb > slads > a5 SSL g cplly Sl 3 (g)lme e
oolwly Ol aisiS sla yiag s olly S ool SS&
bl QL 4 i 1) gyt (S8 € g 3 Slas sl
(Winkel, 1989) ¢l aiily 5y Slas Liul3 8l 13 5y Slos g5
Pl cge Cule 450 5 el Gl (g5l (sla g, 38
by G5 g 5 pas laulpd > b 5 Shes 5o slayiel)ly
S Glo (npme @lid (rizes wdg pl Giagh Sl
M 35 03g )8 SNl gladsliy o 5, Sles Doy 4,018
5,8 lee slinl g 5,Sloe o)l dgazme llllas &y dngi b il o
2 Slag Jooles cals dua Ly gaiss ] « 5,8 5 ‘_’j
Sl g il 3y Shos oy Lagl b (o lio (5,5 IS5
a3y Slee (s 3 1y G (ke &5 3 Slee I 5]
Lépdy plol S o Wl gy (5 iz Llyd



FYQ  ugby i Ll 30 0l S plS ailo 0 )Klos cade @355 9 Slo puy (Sumod

Lo @l it 59y 53,90 liao 5l Sy 0 586 oy sl
5 Ji e ($Lngeite S5 015 iz (41 3,Sls) iy
oatl pBplS (g Sy ) Sl eSomsS) Jde sy LBl
Slao plo g atnly pite plyieds b 5 Slos gy cpl )3 00
095y gl ad 4 )S e ) Jiiwe lajpite (lgica
@ a9 b Sugb) G5 5 B pas Lyl ) 4l 5 Sles (glal> e
5y Slas g ey (asli glaca o aS ob L (F) Jeis
Jie 3)ly (sugby S5 golaw 53 o5 K3g Slio dler jl Sijolse
09 9 D > ek S G pas Laulpd ) il Nad Sge S
29 Nad (Semw)Sy Jlo 3ly wdy pl s 93 3 JuB wilV v
5 Sty ad L 5l Gy &bV e e e (g g (2 S i Ll
s b L clice (ol e85 )5 Sojodsn 3 Slas
bl go aild 5, Sloe p oz Sl gl gyly Jlo e g Cute (g )S
a5l 3 Sles ol byl (AlBIL 48 59500 ] )leey
byly s 5o b 5 )Sles Slyuss jl 0o VY s e b il
A2 oSy Jro 2 0ad)ly Jol cho e bawg 5 pas
dw b gl Ol 5l ao 2AVIVA (20 S i byl b )3 g 00
Qo AN/ Y anaily i baylyd g g ol i

Oll38l b i bl s 5o el by il o ne g Cute (St
D YUy ab oySlas le o bV eer 59 g by s li
alaly aily oy Slas b i pas bty )0 baid Gjelan 2,Sles
b e daly (i Jleel Laplps ) Lol o(+/OYF) aily Hls e
sl 50 cplply (s 0d Sjedon ,Sloe g aily 3 Slas oy
Ol lgme Sigdm 3 )Sdas GRIEIL 2)J0 2929 15 &S
G oo Uy Gimgh cpl guls ol Gilidl 56 1) 4l o Slee
3929 y o (Golparvar and Ghasemi Pirbaluti, 2010)
Slass cailaV e v e g iy adls b ail o Sloe o (Siuson
pae bulyd ) ) cdllas S5 Sjglgn 3 Shesg S 53 Bibo
g Cado (Sumed (/W) wig 53 Gub dlaw b il 5 Shes 25
P by Slee U lagye clao ddllas )0 iz b )b jb txe
Onm I ime Cite (Siuod dg3g (yidS pas bylyd > (18
Slaw by edls @y gl Glaw IS g a3 Slas

(Bagheri et al., cul odds (i)li5 &bV ve 59 9 aig b
2001)

9 AT @as Ll pud 53 il 3 Shos (glal> 50 (g 5 ) W

by i
ORT pas byl pah )3 00 (653101 Sl (s (Siasod il =Y Jga
Table 1- Correlation coefficients between traits measured under non-stress condition
Cdio ) v) ¥) () ) *) v) » ®) (V)
Trait

(\)4;'!::)5&0; 1

Grain yield
(V) S onlo pozs Slas 018 |

Max dry weight '

(V) w9 gl R

Plant height 0.29 0.09 !

(F) s o 4Bl shuos
No. of lateral stems 0.40 021 0.43 !

B ey 2okl g G0 037 0677 1
No. of capitules per plant

(7) @b 5> &by slus ) ) .
Nor ol e 001 037 050" 006 012 1

(V) blia o 053 050° -0.11 033 010 -054 1
Weight of 1000 seeds

() Sjglge 3,5Los 052 047 031 056 043 004 046 1

Biological yield

() el pails 042° 029 004 -002 030 006 -003 -048 1

Harvest index

(V) obay 202 010 022 045 009 014 006 -0.14 -018 024 |

Qil percent

Significant at 1% and 5% levels of probability, respectively so gy § S gaw )3 jb5 dre cudyids # s
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Table 2- Correlation coefficients between traits measured under flowering stress condition

Ciuo () (¥) ) (0) )] (v) 0] @x) ()
Trait
(\) &l 5 Slas 1
Grain yield
(V) S onlo pozs Slas 0.40 1
Max dry weight '
(V) 69 el R S
Plant height 0.48 0.19 !
(F) s 3 Bl sluss i}
No. of lateral stems 0.37 0.41 0.23
(6) £ 2 5o o 028 013 002 055 1
No. of capitules per plant
F) 5 2 b s 001 -004 -029 004 028 1
No. of seeds in capitule
(V) 45!:,\/& )9 sk * . ] )
Woight of 1000 soeds 0.88" 048 -046 031 -023 -0.03 1
) Sl 2Sloc 023 0617 -0.02 ” 015 -0.16 027 1
Biological yield
m“"ﬁ.“‘ﬁ L 0.76™ 0.03 -048 -0.02 -041 006 056 -0.39 1
Harvest index
() sy e 056 -042 045 -0.19 021 015 -0.61 -029 -033
Oil percent

Significant at 1% and 5% levels of probability, respectively .oz 5 G pdaw )3 Jl5 dro ooy # s
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Figure 1- Diagram of path analysis for spring safflower seed yield and traits entered in the model under non-stress condition
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Figure 2- Diagram of path analysis for spring safflower seed yield and traits entered in the model under seeding stress
condition
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Figure 3- Diagram of path analysis for spring safflower seed yield and traits entered in the model under seeding stress
condition
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Table 3- Correlation coefficients between traits measured under seeding stress condition

S ) v) (*) () () *) (v) ] @) (V)
Trait
(\) &l 5 Slas 1
Grain yield
(V) S o3l ozs Sl 0.15 1
Max dry weight '
(¥) 65 gls)| .
Plant height 0-10 042 !
(F)ose 58 4BLs 3l ) )
No. of lateral stems 0.25 0.43 0.39 1
() 62 » 3o bt 0.11 -0.18 049 020 1
No. of capitules per plant
() s o b sl 022 -0.50° 020 018 007 1
No. of seeds in capitule
() abylie o 043 068" -014 036 003 -031 1
Weight of 1000 seeds
() Sl 28koc 024 -0.56" 0.55° -046" 029 033 -0.26 1
Biological yield
() by pasl 0.647 0607 040 018 017 013 055 -056 1
Harvest index
(1) ofgy 2o 037 035 -015 -019 -0.17 034 -050° 014 020 |

Oil percent

Significant at 1% and 5% levels of probability, respectively so )z § S gaw )3 jb5 dre cudyids # s
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Table 4- The results of stepwise regression of spring safflower under stress and non-stress conditions

Correlation coefficient (yguw Sy o oo OS>
e bl ol I 51 yoe Cumulative determination
Environment Traits Intercept (v) (v) () (€) (o) coefficient
Gg 2 b dlaxi-)
No. of capitule 922.3 82 - - - - 37.62
per plant
Wy Veer ojs Y
Weight of 1000 -334.2 75 29.2 . . - 59.49
seeds
oW pas s e
No stress ije::;lLée; -623.8 63 30.5 11.3 - _ 67.76
gl 2Slac T -1114.9 -16 9.6 32.0 0.15 - 91.47
Biological yield
0 Blwdlaxi—0
No. of lateral -978.1 4 10.3 33.9 0.28 -0.66 93.35
stems
al Voo )
Weight of 1000 -555.6 39.9 - . . 77.80
seeds
CA.A:J‘.))J QA»LL—Y
- : -487.2 29.8 11.7 - - 88.22
g;%\f o Harvest index
Flowering . _
stress Siiglgn 28lee W g5 3 15.4 222 0.14 - 97.28
Biological yield
odle poos yiSlas ¥
<is -599.1 16.6 22.6 0.16 -0.37 97.82
Max dry weight
ceihyy a3l 668.5 26.7 - - 37.59
‘ Harvest index
Gy (AT N _
Seeding w030 473 021 - 94.03
stress Biological yield
“5 Ew’,‘_‘ﬂ -1316.6 479 0.20 5.30 94.42
Stem height

PE@El JemeyS) Jso 43 0sile Bl Olho b (i eas bl pad 45 ald 3ot SNimmed Cule & joxi -0 Jou
Table 5- Path coefficient analysis of grain yield with the remaining traits in the stepwise regression model under non-stress

condition
. . ) Indirect effect by 43 b ;1 pudlino yu 451 _
Cho POT W 3 Slos b (Siarod g pud
Trait Direct effect 1 3 3 Z 3 Correlation coefficient with yield
Sy 2 Gk S ) 0.02 0.017 027 048  -0.144 0.61"
No. of capitules per plant
BV Gy 0.16 0.003 0.03 046  -0.072 0.53"
Weight of 1000 seeds
by pabla =¥ 0.90 0.009  -0.007 048 0.004 0.42"
Harvest index
Sjgloe 35lec¥ 0.99 0.012  0.070 -0.44 0.12 0.52°
Biological yield
oo Blusli 2021 0.019  0.050 -002 0.59 0.40
No. of lateral stems
Residual effect=0.26 <I¥8 = sle 3L I

Significant at 1% and 5% levels of probability, respectively toyszis 9 <SG gdaw 3 o ze o gy # ¢ st
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Table 6- Path coefficient analysis of grain yield with the remaining characters in the stepwise regression model under

flowering stress condition

Indirect effect by &1 ,b 3l paliumo yus 51

Cluo piinns i1 3 Slos b (Suvod cuy po
Trait Direct effect I 2 3 7] Correlation coefficient with yield
abeee jg) 1.82 -0.75 -0.22 0.040 0.88"
Weight of 1000 seeds
el pablay -1.32 1.04 032 0.003 0.76"
Harvest index
el 3)5kes =¥ -0.82 0.500  0.51 0.050 0.23
Biological yield
Siid odlo gezg Slis ¥ ~0.05 ~0.51
Max dry weight 0.08 0.884 . . 0.37

Residual effect=0.39  */va = ouilo S

Significant at 1% and 5% levels of probability, respectivelyio,s zisg G o 3 o dze cob gy # ¢

P asplS Gigaas S, Jio 13 2o By iy Goigails (0 Lyl ph 3 43 3,5k Siaonod ol 4325 -V g

Table 7- Path coefficient analysis of grain yield with the remaining characters in the stepwise regression model under seeding

stress condition

Indirect effect by 43 b 3 palimno o 451

Clo aiiams 31 3,50os b (Sunod o
Trait Direct effect 1 ) 3 Correlation coefficient with yield
CAA:J‘.))J. L)»L“:’ ) 1.60 B _0.73 023 0,64**
Harvest index
g 28l Ty 9g 0.90 - 0.63 0.24
Biological yield
Ly )Y 1.14 0.32 072 - 0.10
Plant height

Residual effect= 0.40 oI¥e = ole 3L I

Significant at 1% and 5% levels of probability, respectively so )z 5 o gdaw )3 HI5 dme cud iy e e
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Introduction

Safflower is native to Iran, and is cultivated for high adaptability, low water requirement, resistance to
drought and useful unsaturated fatty acid (Ashri et al., 1977). Identification of effective agronomic traits and
relationship between them are important aims under water stress conditions. Among these characters, grain yield
is the most important trait that is genetically polygenic and its direct selection has not been effective to improve
this character, while this selection method can be useful for yield components. Ashri et al., (1977) by using path
analysis found that seed yield variation among safflower genotypes was mostly related to diversity in 1000-seed
weight and number of heads per plant under limited moisture conditions. Therefore, this study aimed to identify
hidden factors that form traits, their impact on seed yield and also recognition of yield components, which
playthe greatest role in determining yield under different water stress conditions.

Materials and Methods

Present research was arranged at Bu-Ali Sina University research farm during 2012. The experimental design
was split plot based on randomized complete block design with three replications. The main plot was allocated to
three levels of water stress including no irrigation (control), cutting irrigation from %50 flowering to ripening
(flowering stress) and no irrigation from onset of seeding stage to ripening (seeding stress). Six safflower
cultivars such as PI, local Ajabshir, Mecl1, Faraman, local Zarghan 6 and Sina as the second factor were placed
in subplots. Each plot contained of 5 rows with 5 meters length, 50 cm row spacing, 5 cm spacing on each row.
At the end of the growing season, after removing marginal rows, plants were harvested at the extent of two
square meters from three central rows of each plot. Then seed yield was determined in the scale of gram per
square meter, and statistical analysis was performed using SAS and Minitab softwares, path analysis was also
carried out using Path2 software, graphs were drawn with Excel software, and means compared by LSD test at
the 5% level of probability.

Results and Discussion

The results showed that correlation coefficient of seed yield with harvest index at three moisture regimes
including non-stress, flowering stress and seeding stress were respectively, 0.42*,0.76**and 0.46**, and seed yield
with 1000 seed weight were also 0.53", 0.88" and 0.43" respectively. In general it can be concluded that at
flowering and seeding water stress conditions, the correlation between seed yield and harvest index was greater
than non-stress condition. Under flowering stress, 1000 seed weight was more affected by stress impacts and the
consequence of this reduction decreased seed yield. Stepwise regression method was used to evaluate the effect
of each trait on seed yield as dependent variable, and also to reduce the number of independent variables.
Regression analysis of effective traits on grain yield showed that harvest index and biological yield under three
water stress conditions entered into the regression model. Under non-stress condition number of capitule per
plant, seed weight before harvest index and biological yield also entered into the regression model, while at
flowering stress 1000 seed weight joined the model prior to harvest index and biological yield. Stepwise
regression method, path analysis and correlation coefficient estimations were considered for different traits in
spring safflower. Results showed that 1000-seed weight, number of seeds per plant, number of seeds per head
and biological yield were suitable indicators that could genetically improve seed yield under water stress
conditions (Golparvar and Ghasemi Pirbaluti, 2010). Results also indicated that biological yield (0.99) and
harvest index (0.90) under non-stress condition, while 1000 seed weight (1.82) at flowering stress, and harvest
index (1.60) at seeding stress condition had the highest direct effects on grain yield.

1- Former MSC student of Plant Breeding, Bu Ali Sina University, Hamedan, Iran
2- Assistant Professor in Department of Agronomy and Plant Breeding, Bu-Ali SinaUniversity, Hamedan, Iran
("- Corresponding Author Email: akesht@gmail.com)
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Conclusions

Improvement of traits that have the most direct effects on grain yield and the highest coefficient correlations
with grain yield can be considered to increase safflower grain yield at each level of water stress treatments.

Keywords: Flowering stress, Harvest index, Regression model, Seeding stress
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Table 1- Physical and chemical properties of soil in experimental site
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Table 5- Mean comparison effect of planting date and sulfur the yield, yield components, oil content and nitrogen content of

safflower
S WS dlaws Ald dlawi &hYeer 43 &l 5 Slos SUidam os €9, 3,Sdes &I 5958
il 6 Gg 4 S Y5 s () (kg.ha™") (kg.ha™') (kg.ha™) (%)
planting date Head per grain per Thousand seed Grain Biological Oil Seed
plant head weight yield yield yield nitrogen
R
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(December
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Introduction

Nowadays oilseed crops are considered as the second most important sources of energy in the diet. In this
regard, cultivation of oilseed crops such as safflower (Carthamus tinctorius L.) is important due to quality of oil
seed and medicinal properties. Different planting dates leads to adaptation of vegetative and reproductive growth
of plant to temperature, day-length and various solar radiations and as a result affects plant’s development phase
and yield. With delayed planting date , temperature and day length increases and development phase will
accelerate. In this condition the crop yield will reduce due to crop growth and developmental period will shorten.

Sulfur is an essential element for plant nutrition and its role is greater than Phosphorus. Using sulfur

increases the heads per plant and grain yield. In order to investigate the effect of sulfur fertilizer under heat
stress condition at the terminal growth stages and its role in reducing the negative effects of high temperature
stress on safflower, this research was performed.

Materials and Methods

In order to study effect of planting date and sulfur manure on yield components, nitrogen and oil percent in
safflower, a field experiment was carried out in a randomized complete blocks design with three replications in
as split plot arrangement at Ramin Agriculture and Natural Resources University of Khuzestan during 2013-
2014. The experimental treatments consisted of four planting dates of 30 November, 21 December, 22 January
and 1st February were randomly placed in main plots and four levels of sulfur of 0, 200, 400 and 600 kg ha™
performed randomly in subplots, Sulfur fertilizer was corporated to soil one week before each planting date.
Harvest was performed from the mid-May to early-June, during physiological maturity. To measure the yield on
maturity time after the removal of margins, Safflower plants were harvested from one m” unit area. Nitrogen
percent was determined by Kjeltec Analyzer Unit device. Grain oil was measured by PORIM procedure and
finally the oil yield was calculated by multiplying oil content and the grain yield. Data from the experiment was
analyzed using SAS software and mean comparison was carried out using LSD test at the 5% of probability.

Results and Discussion

Planting dates significantly affected grain number per head, biological yield, oil yield, grain yield, heads per
plant and grain nitrogen. Sulfur fertilizer had a significant effect on grain number per head, oil yield, grain yield,
heads per plant and grain nitrogen. There was a significant interaction between planting date and sulfur on grain
yield, number of heads in plant and grain oil percentage. The late planting date resulted in plants exposed to high
temperature and resulted in decreased safflower yield and yield components. Based on the results, the highest
grain yield 4012.66 kg.ha™ obtained in planting date 21 December. Late planting dates reduced grain yield to
50.28 percent. It was concluded that 200 kg.ha™ sulfur increased grain yield through increasing the grain number
per head and the number of heads in plant.

Delayed planting decreased growth period length and resulted in reduced yield and its components. But the
application of sulfur fertilizer by increasing yield components can compensate the loss of yield. Sulfur is sub-
structure of fatty acid metabolism enzymes in fatty acid and bond formation reactions for the production of oil
and involved in fat acids. Planting date and sulfur application in appropriate form increased grain and oil yield.
Shortening the growing season due to a delay in planting and plant distance from the right conditions for growth
reduced the grain yield. These factors limited the plant grow in optimal conditions, disrupted synthesis of

1- Former MSc Student, Ramin Agriculture and Natural Resources University of Khuzestan

2, 3 & 4- Assistant Professor, Professor and Lecturer, Ramin Agriculture and Natural Resources University of
Khuzestan

(*- Corresponding Author Email: na.safara69@gmail.com)
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primary and secondary metabolites in plants and had a negative effect on seed oil percent.

Conclusions

Delay in planting date reduced, flowering, grain filling period, potential production and economic
performance. Delay in planting date reduced yield, dry matter production and harvest index. Sulfur increased
photosynthesis and affected the formation of protein and fatty acids, which increased oil and nitrogen percent
and grain ?/ield. The study showed that late planting date reduced seed yield and oil performance, but using the
200 kg.ha™ of sulfur from organic granular sources increased yield and yield components.

Keywords: Head per plant, Heat stress, Nitrogen, Oil
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Table 2- Qualitative properties of the water used for irrigation
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ECy =6 7.5 640 472 822 1.27 27 19.14 4.2

Yoosdeo) 0 5 S /0 o chale oz > (S (A slme
Odb > L5 dzan o0 aliold 4y Cugl 90 (uwd (6 ypml SaS 4
ssated Col 1S5 4 a3V b (gl GlalS Sy s oS
oykd aix olitul )90 Jolre po 4y (raw Cla )8 Ll
L 595 oo (i L3l 53 bge clyes Vemings
2 &8y S el Sl Caniio g S Lacloj Sl elat
ooy 5 el Db 09,5 38) 5l o 5 Sloal iz s el ¥
Sloj Jloalissl > o o s 5 0 4 H33)90 5095 4 ]
L abie olesd e85 o 98 Of Jlo 5 Sl g )l30
L o by Lo alS o)l 230 aibaie cLacSls ()5
295 Sl e lal by 50 9 €85 ©yg0 STEs slacs)gd
Gl U a9 (BLS o3l 4 (LR) (5 T 5l caley b (byas
S5 ol Seai e jl g 90,5 )1 Lo lulS (clewl 51 ALa
yot o s eyl S o 5 o llS 5l g5 loj BC Lyles
Jam Lol OF ()98 paw 4w 8 (xS 0jl] 2oEC dwgas
ooyl gl 5 6 y9ms i Jlae] e 1 Jlas] ol iz
Candds 5 am oylol O lise 239 WYAY oloys LU cold 1¥AY

2- Tween- 20
3- Surfactant

Cghy Oliwe S9NV e Jolae SIS 3 oLdy) ljee

25 0393 Job )3 b g 59y (slod (30ke g o3V dgan (o
0P Swalyd jodaiedn g 35 Glu a2 3V Fr oS 5y olS
ST L s 9 Cadyd (05 6yl b Lol b lals ccuslio iS5
SLBod Jad b yie LA oolisul )90 (la IS el 5
5 Losyso sladxals .oy VO o gh)b g o lwV
Lad >als algi .0ud ddes olo i Gde jd 5 il cuiS & )b
b a4 JUSH (Y (Sl ladle uiS (Vg 5 Jolpe Jol
ar JUI (¥ o aliady) e 4 boo)lud L JUSH (Y (0,05 ot
gty Sialejl Lol sla Tl &y Jlis! (0 «sla ) ldS sl
s plos] S5 acw Uy iolas MlS )b QB 55 Ly siSe
dSm™) gyl Ol (6y95 o aw Jolis —iolojl (slayles
SA clilé ks g (ECw =#dSm™ ECy = ¥dSm™ ECy<\
oS Hlawd 1 dmy cuelwFA 009y (Y90 LoV/D 9 S5 oo /D ¢ youo)
SRV A 3 (S ol gt bl Sl jlo 690
20 plosl D 2 4 45 g byl o)ty s po 3 Jlasl
3-S50 2 b) (Ol S po <8 ) el Seboanls Lo ()
O)pgmod (San yio Bl j ppSVFFY Jo 5 WANY

1- Merck



POV i sl Sl (25 30,15 5 31 6398 G 1 als

53 03 5 ol i) LoV gl il g J3b > 5
ECy 4yl (S ySlculin dadsgel usSyg 4V 5l sy
e clod )0 CelwVY Caody diged (s .93,5 (6,5 0510]
Ladsgel g dd (S0l ECy g b ()15 01,5 ol axpd
02> 8 oLS ol as oV Ve glod jd Mgl 10 42 BVD ke
94 (6, Soi I ECy L1 glos po il S8 5l ey 9 A
dwbro 5 adaly jleolatwl Ly (A) slie ud (spddeds
(Zhao et al., 1992)x5>,5
A = ((EC,-ECy) / (EC,-ECy)) X\ + -

awlio 9 ) auus SAS Jl3bley SaS 4 (o yle] Sluwlxe
il 28,8 plodl (S (shialssiz 3] el 5 1o S
b duwloe SPSS l38le 5 alusgay (Siwsan

Cen g mbo

Hlesrg=d g S asbolss (ulo)ly 4 jos s

03y 2 el Sl 5 (698 (A5 Blite Sl g el
@l (FJgin) 39 )b e 2o 2y a3 olS S Suis
S iy oelee Cn e SOl b Sls dulia I Jol>
oSl L o (e npeS g 40 0 p 5[0 LolS S
ol Ity s ECw<VAS/m laylyds > ol sy a5y jo p SYA/VY
sy Lis ool &l pSbe duslie el Cussay ECw = $dS/m
Sis 59 Go 2EYIAY LialS cuw ECw =2dS/m (g )ei &S
5SS g s GRS Gl Ll sals 4 cons S
oLS S S (39 el Sl 315 Jgaz) il als
ol JS Std (g Ol YL g JBdne 2o d S aw
N gosie S )l 3 aigr 2 o) SAUNY (Sl L
2 @is: )3 pSAEIEA 0 S3lo b ol (lise 25505 9 Sl Selinsles
olel blod 1 a8 el cansas sl Sl Yoo LoV /0 Lo
(5 i) cudls Yoo doo S5 g /0 jlasd b ()b ine SIS
03y Ol Pk & bl Sk duslie | Jol> gl
oo do S sled )5 g )3 p)SIFY/Fe (0o L ol Sis
L o olims oxtpteS ECyw<VAS/m Loyl g 3ol Sl adlis
9 Al Sinls Y g0 LeoV/D jlos )3 gy )3 p SYVIVY (1, SiLe
el cpl cde (0 Jods) del coamday ECy =5 dS/m i Llyis
ebale ol ) oS w) el ite b 4 Wiy o
slacdale (o o wlSludls caS ol o S0 @)led il
oS SuSelsn b sladi] B g o 58T Cl (Sas VD (VL
Sole 8 aldllas ams 5 56 cov 1) olS gesgad, g 4l
ol JS s yjs ialS el (gyed i oS Cawl e oy
S yialS g Sy pdaw (ialS (Hussain ef al., 2004) cul

Lo Ve b ply cusga a5 S PWP 4 FC lie o34
Sl ol Canday W (6 pS0jluil oyl Slmins oKy b g g
g Ll S o 4 ol Sl Hhde g,ll )b e, a5yl
Goab 3l gaiecin 038 (6 S ol jlisyge sylel o s
039 9 4oV S Cusb) o &S plas drgi b g 05 Jge b
(Vakesly 51 5Lnyoe ooled Ol o 351 2 S5ksSTO Sits S

C=[(A- B) / B] x100 ()

SB by a3 :C

cgbye SKp A

S S sy B
03l Jly 8 gielS Sl (90 gl pupw Mb Cudly y razals
9 OST 2 od Sids s CelwfA Gasdy (aLS sladises i
by LadSged (e 458 )5 )13 0,5 olw do2V0 sled o
PRI L;,AU_LA‘/Y S )I u.bl).)f )I o9 W) BRI ul.mu] olKtwd
A eolawl w.a_wlb 9 M{ ‘)15 [ARVY 6)50)'1.151 dl)). dols
P9y L S e g plegiBieald oliws Sl oolatwlly mpwlyy 5 mode
L Ggenlyis U9y Lo maalS g o) Olpis gy (gnlyis
e (glys (Shomeili et al., 2011) 15,5 (¢ .50}l EDTA
o)bas jp Gl Gl g 4 ekl (gl 1 Sy by S (Slgime
$lngso Jsb 55 45 yiogtby il oS1s J slit ol Ly
oub welaid b J89)IS" (sl JegUFFY g a Lidg IS sl yiegilLPFY
Sleslaiwl Uy Sy e (Arnon, 1967) 4 (550500 g
&l i (6803l (Leaf area meter) guwS y gdaw olSiws
3 (S o) b gosailia Jlaxy Sy Gl (o Slsime s
rlhiec] ) CellV¥ Guads s 9 (5 ()j9) 48 (rj5 ol
e gles Ly (al8iolosl by o 3 (oS (65 0T )
O59) BB e Base 9 43,5 (6ysa S o8 sl as oYY
A aVh clod 3 g celwfA Caeas Sy ol 5l e (glos!
O [ g 55 o3l L3 (S SUl oygl 3D 5o ol,F sl
(Vakasly 51 S p O o slgiome 9 0] Camdas Sid (159 b 505
(Diaz-Perez et al., 2006).5 duslxs

RWC= (FW — DW)/(TW — DW) x100 (v)

F iy FW

gledl ojg: TW

bl jl e, S l0 Tl slie s (g pddsds (g S ojlul sl
Glaa S s A5 ALy el jb ) ((She Caomd) Sy 0l



WA 5l ojled IF Al ylpl ol sledupayy 4 pis YO

e 3L (Hussein e al, 2007) 3,b cilae &)d 5
5 g Cop 5 COp o a3l 4 Ol oo |y Sl Sl
Hlos oo aad S oS bwg Sdee g wids i3l
clble o158l .(Hussein et al., 2007) sl Comd ol Sl
AU o (2 GalS Sy o paly (g2 RS 5wt 32
oS S (g g gt 2 Al ol ide b 5 gypd G5
(Akhtar et al., ccwloais o)l; S laixe 3y baws Sl
olalS o cowl s (4555 2001; Gandonou ef al., 2011)
5 4l Gl ol S jitagd oo sl Sl b oa o
(Singh and Usha, 2003) cul oiis ol s 03lo poos cely
% Cosd dn ez 50 dual Sililio b osimddgups il il
{Azooz, 2009) (Passeolus vulgaris L.) Lagl a5l lLals
o> {Afzal et al., 2006) (Triticum aestivum L.) o)l paiS
(Zea mays &> 4 (El-Tayeb, 2005) (Hordeum vulgar L.)

ol ol )35 L) (Gunes et al., 2007)

LS oL Agi doni )3 g oad Jriwgid (alS 4 e Sy
olg5 (55,5 0oty o (690 4 Jo ooty )S0d (gm0 3l by o0
S35 B yame )9 pae SIS L dblis gl olS
Sy (s pseS ke bulpd ol )3 Fepd bl Lk
Ol e 5 Slas g SUiS ole W Bpae @ (g jrwgid
95 (o polie (glyime il St olS 5 S SiS s
#;¥ (Soltani Howayzeh et al., 2009) 55l o ialS oiw
o529 Cuma 1 3 sl (Sn oS K5 (g 0lS cal S
(Chowdhury 43l (5900 (2lé polis Qi > M5 Loy
J5 Siés jget al, 2001; Fahad and Bano, 2012)
Ay mrd A ety Cod Ly (650 ne g Cute (Shion
PLE)| Jooo §) (mad s lyiean 5 (Y Jgio) )b (r =-/A07)
2p)lS g e 485 L La)d (g)ed T Cood S
(8 9=b 5 kb cog Yo e S clale b apsl Silinlus
@l b &S S Wy gt JS Suis o3lo ol 39 0l o

oy i i | Sland L 4y ol 53 CP69-1062 o3, Siii 3> LS LBliSee Olbio (ilyylg 4300 gl - Y Jgus
Table 3- Analysis of variance of some physiological and morphological traits in sugarcane Saccharum sp. Var. CP 69-1062 in
response to SA under different salinity levels

(Mean of Squares )&lay o (pSilbe

. ) y spiE o Sl
ISR oy S o 5 s s e 139 15 S
(S.0.V) (Total 5 atb (Relative
(df ; (Leaf area) (Relative (Chlorophyll water
dry weight) b a+b) content)
(RWC)
(S) 55 2 19972.52" 1696206.03" 235225 0417 347.25"
(SA) s Siliunls 3 452817 245563.15" 76.66 0.03" 254.917
SxSA 6 158.017 27214.13™ 18.19"™ 0.01™ 25.91°
Error iyl s 24 13.01 25106.55 9 0.01 9
CV(%) clysis cops - 3.88 422 11.39 8.19 4.09

B ime g Mo )0 oy Jleis] pdaw )d )l gixe i 4y NS cssa
** and * represent significant at the 1% and 5% probability level, respectively, and ns represent non- significant
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Table 4- Analysis of variance of different elements in sugarcane in response to SA influenced by salinity

G JOVES 37 oos PREPR (Mean of Squares )< le yo pSbo
(Source (df) Aoy priw Al el ady) IS ddy) e 4 erelly Comd
of variation) Root Na* Root K  Root CI Root K'/Na' ratio
(S) csys 0.0697" 0.4863"  0.41657" 102.70™
(SA) 1o Kbl 3 0.0001™ 03698 0.00396" 10.117
SxSA 6 0.0024" 0.0407™  0.00561™ 474"
Error bl glas 24 0.0003 0.0407 0.00130 0.283
CV(%) s o - 6.64 13.41 4.12 8.36

b o s ) 5 gixe g Mo )0 oy Jlein] e 53 )b dxe iy NS sk
** and * represent significant at the 1% and 5% probability level, respectively, and ns represent non- significant
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Table 5S-Mean comparison various characteristics of sugarcane in response to foliar application of

salicylic acid (SA) and different salinity levels (S)

3985 Comnnd
S0 P . Spdy o m g e el
Jlowd Js I W T o i oy .

; Sy - chlorophyll =\ i Al 2
wialojl g Total Leaf Sy ath Relative ~ Root ady Root CI  ao
Treatments dry area RWC -1 membrane Na Root K* ot

weight 2 . (mgg™) bilit Root
(g plant ™) (cm”) (%) permeability K'/Na*

(%) ratio

SA1S0 117.80b  8ab4076 79ab 1.15ab 15¢ 0.21de 1.50ab 0.65f 7.14d
SA2S50 137.40a  5ab4175 80ab 1.21a lle 0.18e 1.73a 0.66f 9.61b
SA3S0 143.40a  7a4344 8la 1.24a 10e 0.14f 1.78a 0.68f 12.71a
SA4S0 121.60b  6bc.3903 75bed 1.17a 13e 0.21de 1.77a 0.69f 8.43c
SA1S1 103.58¢ 3763cd 73cd 0.95cd 28¢ 0.23ed 1.20bc 0.93d 5.22ef
SA2S1 106.30c 3765cd 78abc 1.01bc 26cd 0.26bc 1.60a 0.93d 6.15¢
SA3S1 104¢c 9bc.3992 78abc 1.11ab 22d 0.29b 1.63a 0.97cd 5.62ef
SA4S1 84.64d 3500de 63fg 0.85de 30bc 0.26bc 1.51ab 0.84¢ 5.81e
SA1S2 48.04e 3315ef 66ef 0.82de 42a 0.33a 0.91c 1.06ab 2.761
SA2S2 51.20e 3578de 76abc 0.91cde 34b 0.35a 1.63a 1.08a 4.66fg
SA3S2 50.62¢ 3400ef 70de 0.81de 40a 0.33 1.42ab 1.00bc 4.30gh
SA4S2 47.22¢ 3200f 60g 0.76e 45a 0.34 1.21bc 1.00bc 3.56hi

SA4 =1.5mM ;SA2=1mM ,SA2 =0.5 mM, SA1 =0 mM
(S2) ECw =6 dS/m 4 (S1) ECw =3 dS/m (S0) ECw< 1 dS/m
sl g doydh gaws 53 5SS g05] bl 1 (615 cime M) LB s S jtie gy (sl (g s &S ola 1, Sibie
Means with the same letters within column show no significantly difference at p<(.05 using
Duncan’s Multiple Range Test
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Table 6- Mean comparison various characteristics of sugarcane at different salicylic acid (SA) and salinity (S) levels

. Slyiomo KW S
St 39 Sydghi L™
ko ghe  EEES kSl an, el P i
SRt 5 & sLis o _ . Anid
iale Total " Relativ arb S Root . R “)t sk
=) elative + 00
Treatment  dry weight Leaf permeability chloroph  Rwc Na Root K* Cr Ay

reatmen 1 area ylla+b . /

s (g plant ™) 5 membrane -1 (%) Root
(cm ) (7) (mg g~) K'/Na*

. " -
(% of dry weight) ratio
S s ciliseo g Salinity(dS m™)

ECy< 1 130.05a 412:'15 12.25¢ 1.19 78752  0.18c 169 067c  9.3%
ECy =3 99.63b 3753'23 26.5b 0.98b 73b 026b 148> 091b  5.69
EC w=6 49.27¢ 3373'25 40.25a 0.82c 68¢ 033a 129 103  39Ic

SA (M) 3k ool iler gl

0 89.81b 3715'27 28.33a 0.97ab 72.66b 0252 120b 0.88a  4.80d
0.5 98.30a 3838'53 23.66b 1.04a 78a 026a 1652 08%  6.35b

1 99.34a 391353 24b 1.05a 76232 0252 1.6la  088a  6.44a

15 g44ge 03433 29.33a 0.92b 66 ¢ 027a 149 084b  5.52d

C

sl o 553 g3 w0y Jlotol e )3 o sime gl pas L5 ooy (sl g g nyd (luSy By o
Means with the same letters within column and factors show no significantly difference at p<0.05 using
Duncan’s Multiple Range Test
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Table7- Correlation between various traits in sugarcane, cultivar CP69-1062

Ol X1 X2 X3 X4 X5 X6 X7 X8 X9
S e X1 1
Leaf area
S s X2 088" 1
Total dry weight
CMEemenkxa 088" 093"
Relative membrane permeability
ath Js)ls X4 0847 0847 -096" 1
chlorophylla+b
Sl o slyime X5 0777 0677 0817 088" 1
RWC
S e X6 -0.80" -0947 0837 -0.697 051" 1
Root Na
= "’“Lf X7 0557 0517 -0747 0777 073" -036" 1
Root K
ady JS X8 -0717 -0.85" 088" -0.81" -0.53** 084** 0597 1
Root CI1
L pake & ey S X9 082" 0857 0.8 087 0677 0877 068" 085" 1
Root K'/Na' ratio

203K g oy Jless ] g 3 5 ime gy i g
** and *, indicate significant at the 5% and 1% levels, respectively
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Introduction

Abiotic stresses cause 71% reduction in crop yield around the world, from which 20% is related to salinity
stress. The importance of sugarcane increases every day due to greater demand for sugar. Since sugarcane has
mainly grown in arid and semi-arid regions, salinity is one of the main problems for this crop due to higher
evaporation in these areas. Salicylic acid (SA) is classified as a phyto — hormone and belongs to a group of
phenol compounds. Salicylic acid can improve plant tolerance to abiotic stresses. This research aimed at
studying the effect of SA on the alleviating of salinity stress in sugarcane.

Materials and Methods

The effects of salicylic acid on the growth and some physiological responses of sugarcane (Saccharum
officinarum L. cv. CP69-1062) were studied under salt stress. The experiment design was a factorial of two
factors, based on a randomized completely design with three replications. The experiment was conducted in a
greenhouse at the Sugarcane Research and Training Institute of Khuzestan, Iran in 2012. Treatments evaluated in
this study were three levels of salt stress, including (ECw<1 dSm™, ECw = 3 dSm™, ECw = 6 dSm'l), and four
concentrations of SA including 0, 0.5, 1 and 1.5 mM, respectively. The plants used in this experiment were
produced through tissue culture technique. The data were analyzed using SAS (ver.9.5).

Results and Discussion

The statistical analysis showed that salinity stress above 3 dSm™ can significantly (P < 0.05) reduce plant
growth and yield. This result confirmed the previous reports about low tolerance of sugarcane to salt stress. The
most efficient treatment was, spraying with 1 mM SA concentration which resulted in, 10.61, 5.05, 8.24 and
46.98 % increase in total dry weight, relative water content (RWC), chlorophyll content and root K'/Na" ratio
respectively, in comparison with control treatment. The enhancement of these plant traits will improve plant
growth and crop yield. Root K'/Na" ratio showed a significant positive correlation with total dry
weight (r =0.85%*), RWC, (r =0.67**), and was negatively correlated with root Na* (r =-0.87**) and root
CI, (r =-0.85**). Thus increasing the amount of Na" and CI" in plant tissues, decreases the growth and
yield. Results also showed the positive effect of higher K™ concentration on plant growth and plant tolerance to
salinity stress. The concentration of 1.5 mM SA had less positive effect in improving salt tolerance compared to
0.5 mM and 1 mM SA. This might be due to the hormonal effect of this compound at greater levels and its
negative efficacy on plant growth and development. Greater RWC with increasing K'/Na" ratio might be due to
higher osmotic adjustment in plant tissues.

Conclusions
This research showed that the growth and yield of sugarcane considerably reduced under salinity stress above
3 dS m™. The results suggested that SA was useful in reducing adverse effects of salinity. Under similar soil and
water conditions the application of 1 mM in form of foliar spraying can be recommended for sugarcane plants.

Keywords: Morpho-physiological, Root Na", Salt, Spraying
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Table 1- Analysis of variance of the effect of the alkalinity and variety on growth characteristics of safflower

i @be &3l aap Blw Job ady, Job Bl Suis 5 Al y S 439
S.0.V df Shoot Length  Root Length ~ Shoot Dry weight  Root Dry weight
Coflis 6 126.107* 193.456* 3.842% 0.392%

Alkalinity :

) 1 130.38% 30.005™ 2.433° 0.205°

Variety
‘-"‘ﬂ‘b X rvé) ns ns ns ns
. » 6 6.596™ 5.686™ 0.363™ 0.007™

Variety X Alkalinity
ks 28 10.55 8.224 0.593 0.033
Error
6.2 11.2 19.7 22.7
C.V (%)

ine glis pas ™ I e Lo 3ty g o 3 Sy Jloin! w7
“*, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 2- Mean comparison of the effects of alkalinity and variety on growth characteristics of safflower

Culls alw Job adyy Job ABlw Sis (439 Al ) SWS (439
Alkalinity (mM) Shoot Length (cm) Root Length (cm) Shoot Dry weight (g) Root Dry weight (g)
0 59.5a 3520a 4.83a 1.2a
10 55.45b 29.29b 4.54a 0.99 ab
20 52.75bc 27.87bc 4.31 ab 0.93 be
30 52.79bc¢ 25.16¢cd 4.23 abe 0.74 cd
40 50.25cd 22.91de 3.54 be 0.72 cd
50 47.20d 19.37f 3.38cd 0.65d
60 46.45d 19.58ef 2.53d 041e
Variety 3,
411 53.82a 26.47a 4.15a 0.87a
we 50.29b 24782 3.67b 0.73b
Sofeh
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Means in each column followed by the samer letter(s) are not significantly different at %5 probability level, using LSD test
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Table 3- Analysis of variance of the effect of the alkalinity and variety on the physiological characteristics of

safflower
JREPTS shies  po JS il jung S AR PR
S.0.V df Total Carbohydrates Proline  Malonialdehyde
CoflB 6 0.052** 2.4 3.628" 0.259% 0.017*
Alkalinity
"’3.’ 1 0.003™ 0.025™ 0.0007"* 0.001™ 0.014™
Variety
Q.‘;L‘flé x P'B) ns ns ns ns ns
) = 6 0.001" 0.025™ 0.388™ 0.012™ 0.0004™
Variety X Alkalinity
e 28 0.003 0.028 13.958 0.006 0.004
Error
N ahacat 9.5 13.0 14.1 14.9 10.8
C.V(%)

S gine ol pac ™l dne duo iy 9 2oyd Sy Lo pdaw > %
**, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 4- Mean comparison of the effects of alkalinity and variety on physiological characteristics of safflower

Sl PR - JS gy oo KUV PR [8
Alkalinity (mM) = (Total carbohydrates mg.gFW"')  (mg.gFW')Proline Malonialdehyde (Mm cm™)
0 0.78a  2.3%a 4.09d 0.28¢ 0.51d
10 0.67b 1.81b 4.42cd 0.39d 0.54cd
20 0/66b 1.51c 4.48cd 0.39d 0.56bcd
30 0.63bc  1.02d 4.72cd 0.49¢ 0.58bcd
40 0.57cd  0.98de 5.22bc 0.68b 0.60abc
50 0.55de 0.81ef 5.67ab 0.64b 0.62ab
60 049e 0.637f 6.28a 0.88a 0.67a
Variety 3,
411 0.63a 1.32a 4.99a 0.54a 0.60a
e 0.61a 1.27a 4.98a 0.53a 0.57a
Sofeh

)8 (ol ime M) lo gy Jloin] pdaw 13 LSD (9051 (wlol pr disnds S e B o S JBlis (s &S SlouSilio (g yo )
probability level, using LSD test Means in each column followed by the samer letter(s) are not significantly different at %5
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Table 5- Analysis of variance of the effect of the alkalinity and variety on photosynthetic pigments of safflower

e e @il 42 adéy)ls b ks ks ath i)l A5,
S.0.V df Chlorophyll a Chlorophyll b Chlorophyll a+b Cartonoied
<ol 6 0.045" 0.1188™ 0.286™ 0.020*

Alkalinity
) 1 0.075* 0.0012" 0.09° 0.004™
Variety
‘-"-‘5u3 X r°§) ns ns ns ns
. . 6 0.008™ 0.0007™ 0.012" 0.0001™
Variety % Alkalinity
ks 28 0.008 0.008 0.016 0.001
Error
e 14.8 14.2 10.1 18.2
CV

S s caglis pae ™ o sme doyd g g duoyd Sy Jlosn] plaws y3 5
**, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 6- Mean comparison of the effects of alkalinity and variety on photosynthetic pigments of safflower

RARE adudy Ji5 by s ath Judg i Mgy, 5
Alkalinity (mnM) _ Chlorophyll a (mg.g") Chlorophyll b (ng.g")  Chlorophyll a+b (mg.g") Cartonoied (mg.g™)
0 0.72a 0.92a 1.65a 0.14d
10 0.69a 0.75b 1.44b 0.16 cd
20 0.68a 0.64 be 1.33 be 0.19 cd
30 0.66 ab 0.61 cd 1.27 cd 0.19¢
40 0.57 be 0.56 cd 1.13 de 0.24b
50 0.53¢ 0.55cd 1.09¢ 0.26 ab
60 0.50 ¢ 0.52d 1.03e 0.30a
Variety 3,

411 0.66 a 0.66 a 1.32a 0.22a
we 0.58b 0.65a 123b 0.20a

Sofeh

25 gyl ixe S do 3zt Jleis! gdaws 53 LSD 9031 (bl py sty S jiio B 5 Jilis (gl)b &S oo Silo gt o 4
Means in each column followed by the same letter(s) are not significantly different at %5 probability level, using LSD test
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Table 7- Analysis of variance of the effect of the alkalinity and variety on the ion content of safflower

e pale &35l a3 SR Uiy iy (o3 s Casansd
S.0.V d.f Na K Na/K
<kl 6 10.32% 791% 2.805%

Alkalinity

i 1 1.33™ 2.028™ 0.002™
Variety
(CLBX S, 6 0.28™ 0.90" 0.178™
Variety x Alkalinity
e 28 0.639 0.498 2.947
Error
()l ey 123 142 21.8
CcvV
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**, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 8- Mean comparison of the effects of alkalinity and variety on the ion content of safflower

Coils o oty iy 4 (o) s S
Alkalinity (mM) Na (%) K (%) Na/k
0 4.70d 6a 24 0.776¢
10 553cd 6.00 ab 0.904 de
20 570 be 5.ab 51 1.06 de
30 632b 5bc 19 1.27d
40 762a 461 ¢ 1.66¢
50 760a 373d 2.08b
60 8.14a 3.17d 2.64a
Variety 3,
411 667a 514a 1.49a
o 331a 470a 1.482a
Sofeh

25 gyl ixe BB do 3zt Jleis! gdaws 3 LSD g0l (bl o sttty S'yiio B S Jilis (gl)b &S oo puSilio gt o 5
Means in each column followed by the same letter(s) are not significantly different at %35 probability level, using LSD test
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Introduction

Safflower (Carthamus tinctorius L.) is an important oilseed crop grown throughout the semiarid regions in
many parts of the world. It has been cultivated for its oil and flowers and as a meal. Alkaline stress is caused by
alkaline salts such as Na,CO; or NaHCO; in the soil. Alkaline stress, is widespread environmental constraint
affecting crop productivity ,which can inhibit absorption of inorganic anions such as CI°, NO; and H,PO*,
greatly affect the selective absorption of K'-Na', and break the ionic balance. However, under alkali stress,
accumulation of compatible solutes, such as betaine, proline and soluble sugar into the vacuole are considered as
the basic strategies for plant re-established cellular homeostasis. Some reports have clearly demonstrated that
alkaline salts (NaHCO; and Na,CO;) are more destructive to plants than neutral salts (NaCl and Na,SO,).
Moreover, the salt-alkali stress can directly damage plant growth, alter the availability of nutrients and disrupt
the balance of ions and mineral nutrition. The objective of this study was to investigate the effects of alkaline
stress on growth and some physiological characteristics of safflower.

Materials and Methods

This study was conducted in a greenhouse in Vali-e-Asr University of Rafsanjan as factorial arrangement in
completely randomized design with three replications. Experimental factors included alkaline stress in 7 levels
(0, 10, 20, 30, 40, 50 and 60 mM) and two varieties of safflower (Sofeh and 411). Seeds were planted in pots
filled with perlite and cocopite (1:1). The pots were irrigated with a nutrient solution with half strength
Hoagland's solution. After the fourth true leaves appeared, alkaline stress in the pot was created by adding
NaHCO:;, to half strength Hoagland’s solution. Control plants were only irrigated with half strength Hoagland’s
solution. Plants were harvested after 40 days of seed sowing. After forty days, shoot and root height, shoot and
root dry weight, F,/F,, PIL, proline, total carbohydrate, malondialdehyde content cha, chb, total chlorophyll,
cartonoied content, potassium, sodium content and sodium to potassium rate were measured.

Results and Discussion

Result showed that with increasing alkaline stress, decreased shoot and root height, shoot and root dry
weight. A similar result had observed previously in sugar beet. Researches have indicated that plants respond to
elevated NaHCO; concentrations in soil or in growing medium solution with decreased shoot and root growth.
This could be due to either HCO5 ™ or Na™. Many of the data test showed high pH as a key factor in limiting plant
growth and development under alkaline conditions. 411 variety showed superiority compared to Sofeh cultivar in
mentioned characteristics. Also, F,/F,, and Pl decreased under alkaline stress condition, whereas proline, total
carbohydrate and malondialdehyde content increased. Also, the increases in proline and total carbohydrate
content were reported in wheat under alkaline stress condition. Baghre and Roosta (2012) reported that F,/Fy,
values and PI reduced under alkalinity stress.

In the present experiment, alkaline stress decreased cha, chb and total chlorophyll whereas it increased
cartonoied content. Yang ef al., (2009a) concluded that in alkalinity stress, the contents of Chl and Car in the
barley plants decreased sharply with increased stress in comparison to salinity stress. They also stated that high
pH might decrease contents of photosynthetic pigments. Potassium content decreased under alkaline stress
condition whereas sodium and sodium to potassium rate increased. Also, Zhang and Chun-Sheng (2009)
reported that with increasing alkaline stress, potassium content decreased in Lathyrus quinquenervius whereas,
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2- Assistant of Professor, Department of Agronomy and Plant Breeding, Agriculture College, Vali-e-Asr University of
Rafsanjan

(*- Corresponding Author Email: b.mahdavi@vru.ac.ir)
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sodium content and sodium to potassium rate increase. In wheat stems, a decrease in potassium content and
potassium to sodium rate and an increase in sodium content were also observed. A high-pH environment
surrounding the roots can cause metal ions and phosphorus to precipitate, with loss of normal physiological
functions of roots and destruction of root cell structure.

Conclusions
Result showed that alkaline stress decreased shoot and root height, shoot and root dry weight, whereas
proline, total carbohydrate and malondialdehyde content increased. Also, with increasing alkaline stress F,/F,,
PI cha, chb, total chlorophyll and potassium content decreased whereas cartonoied content, sodium and sodium
to potassium rate increased. 411 variety showed superiority compared to Sofeh cultivar in growth characteristics,
cha, total chlorophyll. Also, both cultivars showed same reaction under alkaline stress.

Keywords: Ion content, Photosynthetic pigments, Proline, Stress
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Table 1- Analysis of variance for Physiological traits in Chickpea at different levels of salinity
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Figure 1- Effect of different levels of salinity on SPAD and RWC of Chickpea
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Values are means of four replicates + SE. and letters LSD test results (P<0.05)

Slul (Bl Cage 6)9d 1) s (gmelieaSTy 9 ()79 )n
i (Farooq and Azam, 2006) 53,5 » ;lals > slic
Slecis aS s b o ST Lt sladieS agh Cumw (g i
(Summart et al., 2010) cusb aales Jlisa 1y Jslo slaslic
v (B L s O lgime jialSy clie Sg ot il
e ol el Sogde b (Sl Ao 3 9 ()9
)35 (Helianthus annuus) ;l5,55L81 a6 ) (co, b iolejl
Jome Bidokhti, 2014 .(Shi and Sheng, 2004) ccuwl oa i
S)ygods 598 Gl 2955 53 by sl et ia)S” (5)1S
g Sl ol yliae (5 i oS (gyebody Ll i8] las
Ui)l3S s Azari et al., 2012 b ¢y (5506 plaw (p YL
g il cuts o pd )b pixe iulisl caely (gyau Liis 1S
Dehshiri et al., .. (Brassica napus) 4545 1318 )5 lasLic
o Sloize @b o Slas jials cely (g0 15,8 )Ly 2012
9 S IS Jo)lS oliee lts g et (Al g Sy (oo
ool 205 Ly Sl ool 2 IS )3 5 gl il
Askary et al., 2013 yiopn ) Slen Gilojl cpl jlons
Zea ) & Sy 3 slié G (ol Gliwe p 5)98 825 GBS
a5 g yebbany il (p< o/+Y) waw j3 gyl bxe yil (mays L.

Ly oS Cuid

Tobaw a5 bl Lialesl ol slmosly Luibjlg a0 ol
ol ) by Sl el (P /4 V) oob iz B (698 i
slac e il cuts (1Sle dunlio ols () Joda) cuib dg50
S il 38l Ly oS oy Ll (g0 calisee golaw 43 2959 olS
oS Y JS5) 0l G 3955 oS > eyl et
o 9 e (e S (69 53 g sl s
Tobaw 4l )3 35 oy ionj ot ()98 ) Loy pSUl s
o9 4S8 (g 5bodny a8l Ll 810 55 )0 jadld oyl (g)sd
g xSl cuis (o) dDYYIVD Liolidl el oy uiosj owdd
o e olg ya il elilay a8 (Y JSKE) w el 4 Caws
OOk 9 48L allao 3YIFF (ke jobods 3956 )3 aSL
o e o Cd ()9 il 4 bgyye ]
2g o V0N e

S sl G 1) (canMygipw sLiE 51 03l sl i
1y ol oyl Hlado a8 S 3ol e pm 4 gyl Jobe b gime 4
Jabari et al., ) dg-0 (s (S Cads JMae (6 pSojlNI L g5 oo
o5 &S Gl K599 58 Sloogad dles jlelid gl (2006
sy paoss Gl 3,8 e )8 aee sl il



&l 3 Slos

cohaw a5 b lis Liales] cpl slaosly Luibjly 4350 ol
3956 ol > aib 3 ySlac  (P<e/2Y) (5l gine 51 (690 cilie
oS dig pd asb 3 Slas 1SSlo duslie zols () Jodn) cudls
e e il 8l U ol Lis (g)gu calises polaw 3 3950
(Y JSs) cdly jials 5956 oLS gy 4o aily 5,Slee

6 a

%‘@ 5 ab be

K=
2 s 4 4
o=
2 g 3YF -0.?647X+6.0127 d
KN _S* 2 R%=0.7897
RN}
2 i 1 -
A\ o—
:ql.‘_ g 0 T T T T 1

S C?J‘“'

Salt levels (ds/m)

slis (g)lul padld 2,8 g (Al (6y9 LRIPIL (S cul
Olie St plalefl (! 3 .858 415 (69 3l o 3
Olie a3 939 o9 gaw (S 4 bgpe slid lul
Jos 4 hegh )8 edalie wad s blpd > slid g lul
aS o)) sy Lis puS (g9, p Jabar ef al., 2006 Lauwgs ol

By Jeie (£ygu Ay M)l (g eSS (Sey Culid

‘ b
% 30 - .
Z g a 2
W20 | 4
_? = 20 -
3 e
= 1.885x + 18.267
s 21050
~ t R?=0.7697
§ 3
?_ M 0 T T T T 1

1 3 5 7 9
S35 gl

Salt levels (ds/m)

3953 8LS 3> digy 43 Aild d,Slos g Wy wSUI Cuid 43 (6 ygd Wisro Zglaw 1 - Y JSUG
Figure 2- Effect of different levels of salinity on Electrolyte leakage and Grain yield per plant of Chickpea
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Table 2- Analysis of variance for antioxidant enzymes activity in Chickpea at different levels of salinity
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Figure 3- Effect of different levels of salinity on Enzyme activity CAT and SOD of Chickpea
(ol ol (P<+/-0) LSD g0 g5 g > 5 5Solio 31 3l (sllad 015 (ysis 2 (5L (g3g05 bghas)
Values are means of four replicates + SE. and letters LSD test results (P<0.05)

23l el 0y St 9 e it i S S5
A8 Gogots 331 oy e (53 53 STyl
o=l o dVO/AD iy 8l el ey ey jowd (504
o=l e doly ya iolisl glilay oS ad sald 4 Cod (a3 ls
ok 9 4Bl Gl Ao 2R (:SSke jgbas 3556 53 ad
o ey e & cd (590 il 4 by
Dy do 0V ¢ Hlade
bS] plalS ) pae (ol lacslawst 15l S
w235 () iy (Khan and Singh, 2008) A5l o jlwsy,
Tuteja and Gill, ) cowl sS85l oS b HyOy ol5jom
i bl s )l STolysSul mpl el 8l (2010
L inlojl opl ol ool ods ()55 (oamie lalllas )3 (60
Moradi and ¢ Demiral and Turkan, 2005 ¢l a4 3l
2,as>  Bor e al, 2003 «z,— > Abdelbaghi, 2007
Lactuca ) LS ,> Han and Lee, 2005 (Beta vulgaris)
olls8loh cauliin @)y ;> Momeni et al, 2012 4 (sativa
U ojluses 226 1y bl Jooeta (slacasi > mpl cnl cllad
P aS I anle clablre ssliwsT i ply jo ) olises
Misne 252 ©ypoh ki 5 2l Gl ol peles lacs s
oYU jlws (i, SAPX (Rasoolnia ef al., 2012) >4
sloul LaROS ey i j0 13 ()Y 505,800 do 53 3l H,O,

&9 yiss Jlasl b ol ylis Chamaani et al, 2012 i)l;S
olal ol Bsardspuns g mol b lie 2 pa5 )5
w2 o] 48 s yeboay i oaalite (p < /) gdaw 55 Hb e
o Comd )Y oo ooV 00 ()9 105 50 SBgenddnuS g
Oil38l o 3V VY dald 4 Cond g o p2YO/Y HY 50 LoV
S i byly b ) W’)—’T ool callad &S b i ol sl
Ul pace o s 45 29500 iy G5 Jlasl pis 4y s
2 ol ccdld iali bl ecul (yeh Gi s Ol eolizl
ol Jlesl 31y as cowlag o ol oy b adel Jslie
2 g odg jiwed il Lol Jole gldijey pe (slacadgiow
21y deuTrager JIS63l) olise SOD 31 )3 clled tuljdl aess
Syl golisT Glods ialS Coge g il a5 (6,54l o
.(Borzouei et al., 2012) 53,5 o (5 ys L5 j| 5L ond

(APX) 3l sl gSol o 351 Cdlnd
oo & Sl Linlefl opl cslaosls il ly 458 b
o) e b o (p<e/+V) )b ixe ] 6)9—’*:3 i
dunlis ol (Y Jgds) cudly 2950 oSy )'l_\ﬁMSI)%c;l{)j&J
Giliseo gl )3 3656 STl oSl mpl el oSk
STl sSsl 5T Clleb gp9 Sl o Db Lis ()9
2 il ol ecled e (F JS) il Gl g5 olS



WAB Gl & o)lods OF Al oyl (o3 i dy 4 pii YYA

sl ST s Ly Lm)'bﬁmfiﬁ: plo 9 CAT cylé Ll b o Tuteja and ) 51> SOD 3 CAT & Cond (555 9700 (il ol
.(Munns, 2005) 345 .0 ablis 4 b Jlb a9 APX cllé alidl L L(Gill, 2010
a5 0jgse STy loosiS g la 5 (5 lslS -l oSl

9 60 - o
FE 507 y=8885x-1.011
5 2 240 | R2=07776
* ::55 30 - ab
Q
:ig < 20 -
3 < 0 T T T T 1
g
2= 1 3 5 7 9

S C?J‘“'

Salt levels (ds/m)

3955 08 3 1T ol 5ol o1 31 Cudlad 1 (5908 ilicin Zghans 1€ S5
Figure 4- Effect of different levels of salinity on Enzyme activity APX of Chickpea
(ool (P<+/-0) LSD (9051 golis By 5 (0lie 31 2 5kt (gllos onimd Lt (50 52 (5VL (52908 boghas)
Values are means of four replicates + SE. and letters LSD test results (P<0.05)
L oS cwl)] S olo aeslins] (o1 clls cunsg asdlae i & S A

Wy oo i a8 a0l e il GluS 5 cpl GRS s ]l

olow 5 o lisee 51 L >
GaLS 5 3l e 3dgi Bdo 5 (69 sy S ablia e T S B L

0L (RS B Bl 69 S ol odd (g pSo il
Ologad 1y e Sl (gyeb Li (Jg bl de56 ;3 SPAD
O b Lials 1y &b 5 Slas g dnily 5955 oLS 5ol 38

2 Ded e oS 0 (g (i Gl il mais eely LzzUT cullsd
3956 45 1 el 6398 L 5l g cxl Jloe! L ggea

5 i Jles! egu il 54 Goles s a8 i ;
Ls)shwu»jJG ”9“: 7 235 S0 e : Iw:;b YU bl il 5T Lol culld Siliél cogo
2 e f Bl 08,2555 2 e pimier cdn Ly STl 5 (SOD) igaums sl ses (CAT)
References

1. Ahmad, M., Niazi, B. H., and Athar, M. 2005. Varietals differencese in agronomic performance of six wheat
varieties grown under saline field environment. International Journal of Science and Technology 2(1): 49-57.

2. Ahmad, P., Jaleel, C., Azooz, M., and Gowher, N. 2009. Generation of ROS and non-enzymatic antioxidants
during abiotic stress in plants. Botany Research International 2: 11-20.

3. Arefian, M., Vesal, S., Bagheri, A., and Ganjeali A. 2012. Evaluation of some morpho-physiological
characteristics of Chickpea (Cicer arietinum L.) Under Salt Stress. 1" National Conference on Plant Stress
(Abiotic), 31 Oct. - 1 Nov. 2012. University of Isfahan.

4. Arzani, A. 2008. Improving salinity tolerance in crop plants: biotechnology view. In vitro Cellular and
Development Biology Plant 44(5): 373-383.

5. Asha Dhingra, H.R. 2007. Salinity mediated changes in yield and nutritive value of Chickpea (Cicer arietinum L.)
seeds. indian journal of plant physiology 12(3): 271-275.

6. Askary, M., Maghsoudi Moud, A. A., and Saffari, V.R. 2013. Investigation of some physiological characteristics
and grain yield of Corn (Zea mays L.) hybrids under salinity stress. Journal of Crop Production and Processing
9(3): 93-103. (In Persian with English Abstract).

7.  Azari, A., Modares Sanavi, S. A. M., Askari, H., Ghanati, F., Naji, A. M., and Alizadeh B. 2012. Effect of salt
stress on morphological and physiological traits of two species of rapeseed (Brassica napus and B. rapa). Iranian
Journal of Crop Sciences 14(2): 121-135. (In Persian with English Abstract).

8. Bandeoglu, E., Egidogan, F., Yucel, M., and Avni Oktem, H. 2004. Antioxidant responses of shoots and roots of
lentil to NaCl-salinity stress. Plant Growth Regulation 42: 69-77.

9. Becana, M., Moran, J. F., and Iturbe-Ormaetxe, L. 1998. Iron dependent oxygen free radical generation in plants
subjected to environmental stress: toxicity and antioxidant protection. Plant and Soil 201: 137-147.



¥v4

0980 Sl T T o 3T Cullad 9 S 3ele 1 Wlivo g (55940 s 51

10.
I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bernstein, N., Silk, W. K., and Lauchli, A. L. 1993. Growth and development of sorghum leaves under conditions
of NaCl stress. Planta 191: 433-439.

Bor, M., Ozdemir, F., and Tiirkan, I. 2003. The effect of salt stress on lipid peroxidation and antioxidants in leaves
of sugar beet Beta vulgaris L. and wild beet (Beta maritima L.). Plant Science 164: 77-84.

Borzouei, A., Kafi, M., Khazaei, H., Khorasani, A., and Majdabadi, A. 2012. The Study of Physiological
Characteristics and Enzyme Superoxide Dismutas Activity in Two Wheat (7riticum aestivum L.) Cultivars at
Different Growth Stages under Irrigation Water Salinity. Iranian Journal of Field Crops Research 9(2): 190-201.
(In Persian with English Abstract).

13- Cakmak I., and Horst W.J. 1991. Effect of aluminum on lipid peroxidation, superoxide dismutase, catalase,
and peroxidase activities in root tips of soybean (Glycine max). Physiologia Plantarum 83: 463—468.

Chamaani, F., Habibi, D., Khodabandeh, N., Davoodifard, M., and Asgharzadeh, A. 2012. Effects of salinity stress
on growth and antioxidant enzyme activity of wheat inoculated with plant growth promoting bacteria (4zotobacter
chroocccum, Azospirillum lipoferum, Pseudomonase putida) and humic acid. Journal of Agronomy and Plant
Breeding 8(2): 39-55. (In Persian with English Abstract).

Dehshiri, A., Modares Sanavi, M., Rezai, H., and Shirani Rad A. 2012. Effect of clevated concentration of
atomospheric carbon dioxide on some traits of three rapeseed (Brassica napus L.) varieties under saline
conditions. Seed and Plant Production Journal 28(2): 35-52.

Demiral, T., and Turkan, I. 2005. Comparative lipid peroxidation, antioxidant defense systems and proline content
in roots of two rice cultivars differing in salt tolerance. Environmental and Experimental Botany 53: 247-257.
Douce, R., Bourguignon, J., Neuburger, M., and Rebeille, F. 2001. The glycin decarboxylase system a fascinating
complex. Trends Plant Science 6: 167-176.

El-Tayeb, M.A. 2005. Response of barley grain to the interactive effect of salinity and salicylic acid. Plant Growth
Regulation 42: 215-224.

Esfandiari, E., Abbasi, A., Enayati, W., and Mosavi, S.B. 2010. Different Behavior of Root and Leaf in Grass Pea
Landraces in Response to Oxidative Stress Caused by Salinity. Sustainable Agriculture and Production Science
20(4): 65-75. (In Persian with English Abstract).

Esfandiari, E., Javadi, A., and Shokrpour, M. 2013. Evaluation of some of biochemical and physiological traits in
wheat cultivars in response to salinity stress at seedling stage. Crops Improvement 15(1): 27-38. (In Persian with
English Abstract).

FAO., 2011. Land and plant nutrition management service. Available on line at: http://www.fao.org/ag/agl/agll/

spush. Accessed 25 November 2011.

Farooq, S., and Azam, F. 2006. The use of cell membrane stability (CMS) technique to screen for salt tolerant
wheat varieties. Journal of Plant Physiology 163: 629-637.

Francois, L.E., Grieve, C.M., Mass, E.V., and Lesch, S.M. 1994. Time of salt stress affects growth and yield
components of irrigated wheat. Agronomy Journal 86: 100-107.

Gossett, D.R., Millhollon, E.P., and Cran-Lucas, M. 1994. Antioxidant response to NaCl stress in salt-tolerant and
saltsensitive cultivars of cotton. Crop Science 34: 706-714.

Grattan, D.R., and Grive, C.M. 1998. Salinity—mineral nutrient relations in horticultural crops. Scientia
Horticulturae 78: 127-157.

Habibollahi, N., Mahdiyeh, M., and Amirjani, M.R. 2012. Effect of salt stress on growth, proline, antioxidant
enzyme activity and photosystem II efficiency in salt-sensitive and-tolerant rice cultivars. Journal of Plant Biology
13: 85-96. (In Persian with English Abstract).

Han, H.S., and Lee, K.D. 2005. Plant growth promoting rhizobacteria effect on antioxidant status, photosynthesis,
mineral uptake and growth of Lettuce under soil salinity. Research Journal of Agriculture and Biological Sciences
1 (3): 210-215.

Jabari, F., Ahmadi A., and Poustini, K. 2006. Relationships between anti-oxidant enzyme activates and
chlorophyll content of different wheat cultivars. Journal of Agricultural Science 37(1): 307-316.

Jome Bidokhti, E. 2014. Invistigation on growth chatacteristics, grain yield and yield components of some
varieties Chickpea (Cicer arietinum L.) under salinity strees. MSc Thesis in agronomy, Faculty of Agriculture
University of Birjand (In Persian).

Kafi, M., Bagheri, A., Nabati, J., Zare Mehrjerdi, M., and Masomi, A. 2011. Effect of salinity on some
physiological variables of 11 chickpea genotypes under hydroponic conditions. Journal of Science and
Technology of Greenhouse Culture 4(1): 55-69. (In Persian with English Abstract).

Kafi, M., Nabati, J., Zare Mehrjerdi, M., Goldani, M., Khaninejad, S., Keshmiri, E., and Norooziyan, A. 2012.
Effect of calcium and potassium on amelioration of negative effects of salinity on some physiological
characteristics Kochia (Kochia scoparia). Environmental Stresses in Crop Sciences 5(2): 181-192. (In Persian with
English Abstract).

Khan, N.A., and Singh, S. 2008. Abiotic stress and plant responses. I K International Publishing House, New
Delhi, 312.



WAB sl & o)lods OF Al oylml (€15 Sy 4 i YA

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Mehlhorn, H., Lelandais, M., Korth, H.G. and Foyer, C.H. 1996. Ascorbate is the natural substrate for plant
peroxidases. Federation of European Biochemical Societies 378, 203.206.

Misra, A.N., Sahl, S.M., Misra, M., Singh, P., Meera, T., Das, N., Har, M. and Sahu P. 1977. Sodium choloride
induced changes in leaf groth, and pigmemt and protein contents in two rice cultivars. Biologia Plantarum 39: 257-
262.

Mohammadkhani, N., and Heidari, R. 2007. Effects of drought stress on protective enzyme activities and lipid

peroxidation in two maize cultivars. Pakistan Journal of Biological Sciences 10(21): 3835-3840.

Momeni, N., Arvin, M. J., Khagoei nejad, G. R., Daneshmand, F., and Keramat B. 2012. The effect of sodium
chloride and salicylic acid on antioxidant defense system in maize (Zea mays L.). Iranian Journal of Plant Biology
14: 23-34

Moradi, F., and Abdelbaghi, M. 1. 2007. Responses of photosynthesis, chlorophyll fluorescence and ROS-
scavenging systems to salt stress during seedling and reproductive stages in rice. Annals of Botany 99: 1161-1173.
Munns, R. 2005. Genes and salt tolerance: bringing them together. New Phytologist 167(3): 645-663.

Munns, R., and Tester, M. 2008. Mechanism of salinity tolerance. The Annual Review of Plant Biology 59: 651-
681.

Munns, R., James, R. A., and Lauchi, A. 2006. Approaches to increasing the salt tolerance of wheat and other
cereals. Journal of Experimental Botany 57(5): 1025-1043.

Nakano, Y., and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant cell physiology 22(1981): 867-880.

Noctor, G., and Foyer, C. 1998. Ascorbate and glutathione: Keeping active oxygen under control. Annual Review
of Plant Physiology and Plant Molecular Biology 49: 249-279.

Rasoolnia, A., Bi hamta, M. R., Peyghambari, A., Alizade, H., Takallo, S., and Kamalizade, M. 2012. Evaluation
of leaf proteome pattern and antioxidant activity of barley under salinity stress. Iranian Journal of Field Science
43(2): 231-241. (In Persian).

Rezaei, M. A., Khavarinezhad, R. A., and Fahimi, H. 2006. Effect salinity natural soils on peroxidase activity of
two cotton cultivars. Journal of Basic Science, University of Azad 62(1): 79-89. (In Persian with English
Abstract).

Ritchie, S.W., and Nguyen, H. T. 1990. Leaf water content and gas exchange parameters of two wheat genotypes
differing in drought resistance. Crop Science 30: 105-111.

RodriguezRosales, M.P., Kerkeb, L., Bueno, P., and Donaire, J. P. 1999. Changes induced by NaCl in lipid
content and composition, lipoxygenase, plasma memberane H' ATPase and antioxidant enzyme activities of
tomato (Lycopersicon esculantum, Mill) calli. Plant Science 143: 143-150.

Roy, F., Boye, J., and Simpson, B. 2010. Bioactive proteins and peptides in pulse crops: Pea, chickpea and lentil.
Food Research International 43: 432-442.

Sadikia, M., and Rabihb, K. 2001. Selection of chickpea (Cicer arietinum L.) for yield and symbiotic nitrogen
fixation ability under salt stress. Agronomy 21: 659-666.

Sairam, R.K., Rao K.V., and Srivastava, G.C. 2002. Differential response of wheat genotypes to long term salinity
stress in relation to oxidative stress, antioxidant activity and osmolyte concentration. Plant Science 163: 1037-
1046.

Sharma, D. and Jodha, N.S. 1982. Pulses Production in Semi-Arid Regions of India, Constraints and

Opportunities. Economic and Political Weekly 17(51): A139-A148.
Sharma, K.D., Singh, N., and Bishnoi, N. R. 1984. Effect of chloride and sulfate salinity on flowering and yield
attributes of ckickpea (Cicer arietinum L.). Indian Journal of Plant Physiology 36: 266-268.

Shi, D., and Sheng, Y. 2004. Effect of various salts alkaline mixed stress conditions on sunflower seedling and
analysis of their stress factors. Environmental and Experimental Botany 54: 8-21.

Sinclair, T.R., and Ludlow, M. M. 1985. Who taught plants thermodynamics? The unfulfilled potential of plant
water potential. Australian Journal Plant Physiology 133: 213-217.

Stephen, R.G. 2008. ILrrigation water salinity and crop production. University of California, Davis, In Water
Quality Planning Reference Sheet, 9.10, http://anrcatalog.ucdavis.edu, Publication 8066.

Stroeher, V.L., Boothe, J.G., and Good, A.G. 1995. Molecular cloning and expression of turgor responsive gene in
Brassica napus. Plant Molcular Biology 27: 541-551.

Summart, J., Thanonkeo, P., Panichajakul, S., Prathepha, P., and Mc Manse, M. T. 2010. Effect of salt stress on
growth, inorganic ion and proline accumulation in Thai aromatic rice, Kaho Dawk Mail 105, Callus Culture 9(2):
145- 152.

Tan, Y., Liang, Z.S., Hongbo, H.B., and Du, F. 2006. Effect of water deficits on the activity of anti-oxidative
enzymes and osmoregulation among three different genotypes of Radix Astragali at graining stage. Colloids and
Surfaces B: Biointerfaces 49: 60-65.

Turan, M., and Sezan, Y. 2001. Effect of salt stress on plant nutrition uptake.



YAV 0956 o | T (sl 35T codled 9 S 5elgn b lino (59 i !

59. Tuteja, N., and Gill, S. S. 2010. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry 48: 909-930.

60. Zibai, S., Rahimi, A., and Dashti, H. 2012. Effects of seed priming on growth, chlorophyll Content, Relative
Water Content and Dry Matter Distribution of Safflower (Carthamus tinctorius, cv. Gholdasht) under salinity
stress. Journal of Crop Production and Processing 5(2): 47-58. (In Persian with English Abstract).



Iranian Journal of Field Crops Research Ol =5 b fy 41 pis
Vol. 14, No. 3, Fall. 2016, p. 470-483 ;;);(,;};i}, FY-—FAY .o A¥AB 5l ¥ o,lods IF uls

Effect of Salt Stress on Physiological Traits and Antioxidant Enzymes Activity of
Chickpea (Cicer arietinum L. cv. Azad)

*

Gh. R. Doraki' - Gh. R. Zamani’- M. H. Sayyari’
Received: 13-02-2015
Accepted: 06-06-2015

Introduction

Salinity is an important abiotic stress that reduces the crop production potential and the efficiency of plants
in arid and semi-arid regions. Soil salinity can be increased by irrigation, inappropriate drainage, sea
advancement to coastal regions and the accumulation of salts in desert and semi-desert regions. Salinity is a
limiting factor for plant growth because it limits the feeding of the plants through reducing the uptake of P, K,
nitrate and Ca and increasing inter-cellular ion concentration and osmotic stress. In addition to its adverse
impacts on the yield and yield components of crops, salinity affects most processes involved in the growth and
development of the plants too.

Materials and Methods

The present study was conducted in research greenhouse of Department of Agriculture, Birjand University in
2013 on the basis of a Randomized Complete Block Design with four replications. The soil salinity treatments
1ncluded five levels of 1, 3, 5, 7 and 9 dSm™". Soil texture was loam-sandy with the pH of 8.09 and EC of
1 dSm™". The irrigation water was filtered with EC <350 puS cm’'. The salinity was applied in accordance with
soil saturation moisture percentage and field capacity moisture percentage. NaCl was used as the source of
salinity. Irrigation was applied by daily weighing of pots in terms of field capacity moisture percentage. At early
flowering stage, chlorophyll index (SPAD) of the leaves, leaf relative water content, electrolyte leakage and the
activities of antioxidant enzymes catalase, superoxide dismutase, and ascorbate peroxidase were measured. After
full yellowing the plants, grain yield per plant was recorded.

Results and Discussion

It was found that salinity level significantly influenced all measured traits. Salinity slightly increased SPAD
index and adversely affected leaf relative water content (RWC), electrolytes leakage and grain yield, so that the
highest level of salinity resulted in 17.7% lower RWC, 27.7% higher electrolytes leakage, and 59.8% lower grain
yield per plant. Under salinity stress, plants reduce their leaf area to counteract the stress resulting in greater
thickness of the leaves, the accumulation of more chloroplast per unit leaf area and the increase in leaf
chlorophyll content. As a result, the leaves turn darker and SPAD index increases. Leaf relative water content is
one of the photosynthesis-related indices in crops with is closely related to the yield. Membrane stability is a
physiological trait that is influenced by environmental stresses. Higher accumulation of hydrogen peroxide and
lipid peroxides due to salinity reduces membrane stability. Salinity stress causes the production of active oxygen
species which is followed with the leakage of cellular membrane. One effect of salinity is on grain yield through
changing 1000-grain weight. Lower 1000-grain weight can be associated with shorter grain filling period in
salinity treatments and also with lower synthesis of assimilates. On the other hand, the changes in the pathway of
assimilate partitioning to roots for counteracting the salinity can be another reason for lower dry weight of the
gralns As well, salinity enhanced the activities of antioxidant enzymes in peas. It was revealed that the increase
in salinity level ﬁ‘om 1 to 7 dSm’" increased the activity of enzyme catalase (CAT) by 63.79% and further
increase to 9 dS m™ resulted in the loss of its activity. The activity of enzyme superox1de dismutase (SOD)
increased up to the salinity of 5 dS m™ (by 57.22%), did not change up to 7 dS m™ and decreased at 9 dS m’'
The highest salinity levels as compared to control increased the activity of enzyme ascorbate perox1dase (APX)
The highest effects of salinity on the measured traits of peas were observed at the level of 7 dS m™'. As the first
defense line, superoxide dismutase converts superoxide to hydrogen peroxide. This enzyme is capable of
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converting superoxide ions into oxygen and hydrogen peroxide and is active in Glyoxylate cycle. The
detoxification of hydrogen superoxide is complemented with ascorbate peroxidase, thioredoxin peroxidase,
glutathione peroxidase and catalase. Ascrobate peroxidase is an important enzymetic antioxidant in plants whose
function is to detoxify H202 with ascorbic acid.

Conclusions

In total, the examination of the effect of different levels of salinity on the measured traits showed that
salinity did not significantly affect SPAD index of peas. It had negative impacts on physiological traits and
reduced grain yield. In addition, it increased the activity of antioxidant enzymes such as catalase (CAT),
superoxide dismutase (SOD) and ascorbate peroxidase (APX) as salinity was intensified. A look at the status of
the activities of antioxidants revealed that they were increased with salinity. It seems that this increase played a
role in counteracting the adverse effects of salinity so that their decrease deteriorates the effects of salinity stress
of plants. In total, the application of these levels of salinity indicated that peas are moderately sensitive plants to
salinity, particularly salinity stress level of >7 dS m™.

Keywords: Catalase, Electrolyte leakage, RWC, Soil salinity, SPAD
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Table 2- Analysis of variance for yield and nitrogen application efficiency in canola
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Table 3- Mean comparison of yield and nitrogen application efficiency of canola in sowing date and N foliar application
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Table 4- Interaction effect of sowing date and N foliar application on yield and nitrogen uptake efficiency index in
canola

o Oj;f:j:;:l‘;gr‘::;w 03;*?-95 J ”mﬂ.\". "é.‘” ) OF9y 35es @13 3,5dos
treat e erogen ““l?t.“’“ of Oil yield Grain yield
ment d gronomy efficiency (kg ha™) (kg ha™)
) (kg kg™)
DITO 44.12cd 1238¢ 1398.1b 2877b
DITI 45.88bc 14bc 1268.6b 2926.7b
DIT2 62.2a 1822a 1720.3a 4076.7a
DIT3 55.49ab 16.39 ab 1537.1ab 3746a
D2TO0 34.2e 4.78e 599.1cd 1455.7de
D2Tl1 34.9¢ 5.44e 613.9cd 1776cde
D2T12 37.1cd 835d 797c 2154c¢
D2T3 36.7de 723de 677.8cd 1827.7cd
D3TO 21.6f 2.12f 419.6d 11043e
D3Tl1 22.5¢f 2.29f 591.8cd 14433cde
D3T2 33.7e 423e 613cd 16783cde
D3T3 28.9ef 3.21ef 570.2cd 1570.3cde
25185 0 y3 Jleis] prbans 3 ,%0080 b (615 ixe (s )lo] MBI ygt0 o0 )3 Syt By o sl (slay:Sike
Means in each column followed by similar letter(s) are not significantly different at 5% probability level
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Introduction

Between oil seeds, from the quality, quantity and nutrition index point of view, canola has the top level .
Because of the solubility of N fertilizers, the time of urea application, is very important and one of the main
reasons of the reduction in N application efficiency is utilization of urea in an inappropriate time. By precisely
foliar application of nitrogen, the efficiency of nitrogen transformation to the grain will be very high because in
this method the leaf is considered the main organ of nitrogen uptake and a low amount of absorbed nitrogen was
transferred to the root and entered the soil. The more division of N application in growth stages and in
accordance with plant need and foliar application result in increasing nitrogen use efficiency. The delay in
sowing will result in the reduction of yield and this is due to low LAIL and thus low radiation absorb in vegetable
phase and shorter reproductive phase with high temperature in flowering and subsequent stages that result in low
prolific silique and make disorder in transferring stored material to grain. In this experiment using N foliar
application to decrease the adverse effect of delay in sowing is objective.

Materials and Methods

The experiment was conducted in 2013-2014 in Ramin Agriculture and Natural Resource University of
Khuzestan. Experiment was conducted as split plots in a randomized complete blocks design with three
replications. In this experiment sowing date[optimum sowing (27 November), 17 December and late sowing (30
December)] were assigned to main plots and several time of N-foliar application with 5 percent density from
urea (20 liter per ha), [To (control), T, (foliar N application in rosette stage), T, (foliar N application in budding
stage), T (foliar N application in flowering stage)] were placed in sub-plots in randomized way. Fertilizing was
based on the results of soil examination. Therefore, 162 kg ha™ of pure nitrogen (from resource urea) in the way
of dusty application (1/3 after appearance of seedling on the soil, 1/3 in 3-4 leaves stage after thinning and 1/3 at
the beginning of steam elongation) and 100 kg.ha' super phosphate triple in all plot was applied before planting.

Each plot was consist of 8 planting line with 20 cm apart from each other and 4 m length. The data were
analyzed by using SAS and mean comparison of data based on LSD test in 5% probably level.

Results and Discussion

Late sowing date and nitrogen foliar have significant effect on the yield and efficiency and uptake index of
nitrogen. With delay in sowing because the flowering and silique formation stage faced with the heat tension, the
vegetative phase, production of photosynthesis matter and growth all treatment like: yield, oil yield, biological
yield, oil seed percent, nitrogen harvest index, nitrogen use efficiency, nitrogen utilization of agronomy
efficiency and amount of nitrogen uptake, were decrease. But it should be pointed out that with delay in sowing
the percentage of nitrogen seed and nitrogen of all bushes was increased.

The highest yield with mean of 3406.6 kg.ha" was relevant to first sowing date and least yield with mean
1803 and 1499.1 kg.ha' was achieved of second and third sowing date, respectively. In foliar treatment the
highest yield was obtained from N foliar in budding and flowering stages and the least yield was obtained from
control treatment.
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Foliar in budding and flowering stages by increasing the green surfaces of plant, more benefit of sun
radiation, increasing in photosynthetic activity were increase and in this way the seed yield and oil yield were
increase. As well nitrogen harvest index was increased with increasing of assigned nitrogen to silique in canola
and the reduction in wasting of nitrogen will be increased by consume it in appropriate time. With nitrogen foliar
application because of availability of nitrogen in appropriate amount and adequate utilization of plant of
nitrogen, caused to increase the nitrogen utilization of agronomy efficiency and nitrogen uptake amount.

Conclusions
The results of this experiment showed that with delay in sowing the flowering and grain formation stages
were faced to heat tension and can result in reduction in all treatment. The nitrogen foliar in heat stress caused an
increase in seed yield, oil yield, dry mater, nitrogen harvest index, nitrogen utilization of agronomy efficiency
and amount of nitrogen uptake. As the result, first sowing date and N foliar application in budding and flowering
stages were best treatment in this experiment.

Keywords: Heat tension, Nitrogen harvest index, Seed yield
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Table 1- Phosphorus concentration as affected by tillage methods in different soil depths
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Tillage methods  Depth(15-30 Cm) Depth(0-15Cm)
Py o a a
(Conventional) 742 7.48
59815
e 7.14° 8.07°

(Reduce till.)
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level
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Figure 1- Effect of fertilizer rates on Phosphorus concentration in 0-15 cm depth of soil
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Table 2- Phosphorus concentration as affected by different fertilizer levels in 15-30cm depth

S35 Lol fh il
fertilizer levels . 1 ..
) P concentration (mg kg™ soli)
75 6.96"
100 7.07°
125 7.81°
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level
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Table 3- Phosphorus concentration as affected by different fertilizer application methods
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(Fertilizer application methods) Depth(15-30 Cm) Depth(0-15Cm)
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(];;r‘f;) 6.55° 7.22°
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level
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Table 4- Tillage methods X fertilizer rates x application methods interaction effects on Phosphorus concentration

(s i)
P concentration (mg kg™ soli)
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Treatments
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Depth(15-30 Cm) Depth(0-15Cm)  Application methods Fertilizer rates (%) Tillage
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level
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Figure 2- Effect of different tillage methods on corn yield
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Table 5- Corn yield as affected by different P application
methods
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Means in each column followed by similar letter(s) are not significantly
different at 5% probability level
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Introduction

Phosphorus (P) is an essential element in crop nutrition, which can be growth limiting or an environmental
contaminant, if present in excess. On the other hand, tillage practices have a direct effect on behavior and
availability of soil P. Since, application of different tillage methods lead to different patterns of soil phosphorus
distribution, hence P fertilizer needs and P availability may be different in tillage systems. Researchers have
found that the effects of tillage on P stratification depends on soil texture. Kimmel et al. (2000) reported that
total P losses were significantly lower for NT than chisel-disk-field cultivator and ridge-till. Bahgar et al. (1998)
showed that higher levels of P fertilizer improved shoot, root growth and the uptake of all nutrient elements in
No till system. High levels of P also significantly enhanced the uptake of all nutrient elements except Zn and Cu.

Materials and Methods

This study was conducted in Darab Agricultural Research Station in Fars Province, located in the south-
western region of Iran (28° 47°N , 57° 17 * E ; 1120 m above sea level). The soil texture was loam. The
experimental design was a randomized complete block with split factorial arranged in three replications. Tillage
methods were main plots in two levels: conventional (CT) and reduce tillage (RT). Sub plots included phosphate
fertilizer rates in three levels: 75%, 100% and 125% of recommended fertilizer (P1, P2 and P3, respectively) and
P application methods in three levels: surface broadcast, banded starter and deep placed (M1, M2 and M3,
respectively) in factorial technique. Corn hybrid 704 was planted using a four-row planter with 75 cm row
spacing. Phosphorus concentration in the 0-15 and 15-30 cm soil layer and grain yield in the end of growth
season were measured.

Results and Discussion

Different tillage systems had no significant effects on phosphorus concentration in the 0-30 cm soil layer.
The results indicated that RT treatment had greater phosphorus accumulated in the surface soil (0-15 cm) and CT
system reduced phosphorus concentration by 7.2%. The difference in the P concentration between the two tillage
systems can be attributed over a greater depth under conventional tillage (25cm) than under reduce tillage.
Different fertilizer levels had significant effects on phosphorus concentration. In P1 treatment, phosphorus
concentration was significantly less than P3 treatment. The minimum and maximum accumulation of available P
was observed for 75 and 125% of recommended fertilizer in the 0-15 cm soil layer, respectively. The results
indicated that there was Non-significant difference between P1 and P2 treatments. Also different phosphorus
application methods had significant effects on phosphorous concentration. P concentration in surface broadcast
treatment increased by 11.2 and 16.5% as compared to banded and deep placed treatments. The different tillage
methodsx fertilizer levelsx application methods interactions on phosphorus concentration were significant. The
maximum phosphorus concentration were observed for RTx P3x M1 treatments in the 0-15cm soil layer and the
minimum occurred for the RTx P2x M3 and CTx P2x M3, respectively. The CTx P3x M3 interaction had a
greater impact in increase of phosphorus concentration. The results also revealed that different tillage systems
had no significant effect on grain yield. The most of yield was observed for RT system, although there was no
significant difference between CT and RT systems. Phosphorus management methods had significant effects on
corn yield. The lowest yield was observed for P3 treatment. The M2 treatment led to maximum grain yield as
compared with M3 treatment.

Conclusions

This study indicated that RT treatment had greater phosphorus accumulated in the surface soil (0-15 cm) and
CT system reduced phosphorus concentration by 7.2%. It also found no difference in phosphorus concentration
between tillage systems. Reduced tillage seedbed preparation method coupled with broadcast P application lead
to an accumulation of available P in the surface 0-15 cm soil layer.

Keywords: Corn yield, Phosphorus accumulation, Phosphorus management, Tillage methods
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df (cm) gran m?) (Shoot arvest AD (Leaf permeability relative
weight) dry Index Number  4pea %) water
(gr) weight gr index) content
m'z)
(R )«.{914 2 305.87ns 63.64ns 1757.73ns 3517ns 1091.07ns 34.18ns 0.04ns 1.34ns 65.52 ns
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Table 2- Comparison of the interactions between the salt, silicon and genotype
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level
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Introduction

Nowadays, salinity is one of the limiting factors for crop production in arid and semi-arid regions. On the
other hand, sorghum (Sorghum bicolor L.) is a self-pollinated and short-day plant, which partly has been adapted
to salinity and water stress conditions; also play an important role in humans, livestock and poultry
nourishments. All studies have showed the positive effects of Silicon on growth and yield of plants in both
normal and stress conditions. The aim of this experiment was to improve salinity tolerance of Sorghum by
application of Silicon.

Materials and Methods

A split plot experiment based on randomized complete block design with three replications in both normal
and salt stress conditions was carried out at research farm of Shahid Bahonar University of Kerman in 2013.
Silicon treatments (0 and 6 mM) were considered as main plot and various sorghum genotypes (payam, sepideh,
TN-4-70, TN-04-71, TN-04-39, TN-04-107, TN-04-100, TN-04-37, TN-04-68, TN-04-83, TN-04-62 and TN-
04-95) were assigned to sub plots. The sodium silicate was used as silica source. The data were analyzed by SAS
software using combine analysis. Means comparisons were accomplished by Duncan multiple range test at 5%
probability level. Some of the measured traits were as follow: Relative water content (Ritchie and Nguyen,
1990), Relative permeability (33), leaf area index and chlorophyll index (by SPAD).

Results and Discussion

According to the results, use of silicon led to increase of RWC under salinity stress, while RWC decreased
by 13% when no silicon applied. Salinity significantly decreased 1000-grain weight. Maximum grain yield
obtained from TN-04-37 (987.6 g m™) under normal condition with foliar application of silicon. Application of
silicon under stress condition led to 38% increase in grain yield of Sepideh compared to control. Under salt
stress, silicon also increased shoot dry weight in TN-04-107, TN-04-70, TN-04-37, Payam and Sepideh
genotypes in comparison with control. Sepideh and Payam showed the lowest sensitive to salinity. In the other
genotypes, harvest index decreased more than 50%. The minimum rate of harvest index was recorded for Payam
genotypes under salinity stress and silicon treatments. Under stress conditions, silicon significantly increased leaf
area index in Sepideh, Payam, TN-04-83, TN-04-68, TN-04-37, TN-04-100 and TN-04-62. Chlorophyll index
also increased under salinity stress using silicon treatments. The highest chlorophyll index belonged to TN-04-68
and was significantly different from the others genotypes. Use of silicon improved the membrane stability in TN-
04-37, TN-04-107, TN-04-100, TN-04-71, TN-04-70, TN-04-95 and Sepideh.

Conclusions

The results showed that the use of silicon improved the physiological characteristics, yield and yield
components of sorghum. Most of the genotypes showed a positive reaction to the applied silicon especially under
stress condition. According to the results the maximum yield obtained from Sepideh (540 g m™) and Payam (475
g m?), respectively. It seems that among the studied genotypes, Sepideh, Payam and TN-04-100 had the best
response to the silicon and showed the minimum sensitivity to the salinity stress. The most sensitive genotypes
were TN-04-39, TN-04-68, and TN-04-62. In general it can be said that either under normal condition or salinity
stress, silicon is able to improve yield production of grain Sorghum and its components.

Keywords: Grain yield, Harvest index, Relative permeability, Relative water content, SPAD number

1- Associate Professor of Agronomy & Plant Breeding Department, Shahid Bahonar University of Kerman, Crop
Physiology

2- Professor of Agronomy & Plant Breeding Department, Shahid Bahonar University, Ecology

3- MSc Student of Agronomy, Shahid Bahonar University

(*- Corresponding Author Email: hfarahbakhsh@uk.ac.ir)



Iranian Journal of Field Crops Research
Vol. 14, No. 3, Fall. 2016, p. 514-525

i

010! =y Sl gy 4yl
OYF-BYA .o ATAD 3l ¥ o Lo IF al

290 bl g 53 iy 3 ySdes (51501 9 0 as 2 iy 32,5 0950 9 llo 51

WA/ ¥/ Y bl g b
WA/ IV 2ol G,

LXVCES

lial g 2, Slos 1 prasly Bumo (o) 9 510 51 gusy o pslaions 2)b (ol)j lalS )5 ()0 (i3 Il Sl s bl (18 pasly
Slaing acyro 50 LS5 aw b oy JolS slacSsh b )b B 55 Ml &ygod piilejl (S g O ()98 Llpd 5> auiy 3,8ec
6355 gsio ) amsliy LS )3 £ SPlSNDx 5 VD Jlae . ol WY Jlo )3 (L)) Jlgjs (sabs gilio 5 (655l Sl ol
Lo )00+l Ao j3VD (5300558 Ao jdB++ BAS gl Mo OV OFCL Mo )3VD rprdaw gy )3 Bpuas 0550 g Lol Jole laisds (wliglgw
(g4 3055€ Lo SO+ (2u S ol do 2V (S Culid—gmiy dls yo) (i gy Mo )dVOF CilS Ao )0V (gl jal luo 2YOF (2U5 -yl

el wdg e,8 Jole loisdy (6000508 Mo )OO+ (Ligy dopa et CblS Mo )3VD g 2AS Mo 20 Llug)y Loy SV O+ CblS Mo )0V
2 0o dhar Llj adld sl cig gl oS Sl ol S 5elan g (B 3, Slas et Sl 13 (38l Cows muwliy £, LSV B pno Syl
Olas Hlade oy YL Ll5 asli slass 5 digy 50 )98 dliad gy gli5)) jody S puanlity CByumn Hlade &y (g0 dixe STy BUI LS Moy 5 g
Glis0jet Lo DY+ (a5 (ol do oY+ (S p Culin—geiy dls po) (dug)y duo ) dVO+ CdlS Ao )DVD O jguody maawliy 3 )8 51 avy 03550
2508 95,8 W5 1y (st Gy 0,8 kas csduojol 9 (2S¢ oy «SuBlS dl> po oz 53 (S5l ©ypoty Lapud ol ol )3 o] Gy
JLSe )3 S9SN jledlaal jod Lulyd )3 pgecme )3 Cully (gl By 3, Ses (pdig) b dnglie 3 (m30jel b (2AE al> e > iy

Al calio (55 3,hoe o VL Jpas e ghinojel g (S (oingy «udlS Als yo Sl ) elyglpe aie Sl iy

b9 38as ¢ (S55lsd 50 Dlan (6 yeb rupliy lapudds 35S W29

4 SL (ol dgame olS ol )3 (50 4y Cunglio Liiias Lol (2009
Ay oo gL (5)9b 4 (Solite (RSTy 3 ged il Sy
Ay adgl Jolye g doalS joals o Sjdiles .(Zhang et al., 2012)
Sod @o5 )b (5y9 4§yt Comlus Jolhe plo 4 o
g 4lS oo (il SRl L Cailao o jod Lalyd
OO 9 (S sow Sl sjenl ST Bl I olS geigad
S o5 baylyd yo (Ashraf, 2002) g8 0 (olie dlge yles
0598 (339 9 055 i (i 9 by 3,Sles L) a3 ld dlaw ialS
.Hezhong, 2012; Zhang et al., 2012)) cusl osis ji)l5S
b omlin 3,Sdae S5 0 59 Ll )3 (2))j quome oo
4 Joxto pBB)) 5 lalS cusS aile Lalisee slrogus .S g
(Hussein et al., 2014) sl)| iSa; 9 o,l] Copio ogygo
Sl e 04 >0 g (Dong et al., 2009) i dups Cy pio
3 cwlio odliul 3)l3 dgzg yo Ol g S wlie 5l aiugs ool
$59WS Sl Gl 5w Jlr (i 5 (oleend sladgS
aS olie slas glol o 5> .(Saadat ef al., 2015) sl o )

Sloing cponl I pwly A 3L o (5)9 5 Aty goigld; sl

LY-RUNY

Cowl L Jpamo oy Soses (Gossypium hirsutum) ay

Bblie 3 (ixio 5 (5)ygliS Bjlae Cap o s ©jg0d oS
Bad an 5105 e CudS Gl 5l I i p)S 9 Jine
Kol 5 gy 03l wl Lol el BUI wlgy ity S 5 Lol
Al Olydlo asdS Jle dix 50 0)b Cais 2 35 6,508 lgle
93,5 o gwoe joudS odes (Sl Jaaze pegw il jlan
$59liS Mo (St Sl (S S5 O plie ()5
alime plasl Lisu .l Siiddoys g St 3blio )3 Loguaske
JLo 53 laygiS )3 oo g ablidnus (slaygiS 13 w2 (5jy5liS
4y 45,51 (Hezhong, 2012) 1)l ,13 (¢ )0 15l o dawgs
Dong et al., ) s 0 4i3lids (5505 4 oo olS S loicay

oMol I3 olKs1 g sums Al cmeely; )l wlis )5 Bl (sqmaisly =
oMol al31 oIl ¢yl sums dly ylutsly Y

S92y ol (65ygliS liios S pe bkl =¥

(Email: Armin@iaus.ac.ir s 0k g %)



OO g byl 30 iy 0 Silos (1321 9 0,5hoc 5 puwliy 839,15 0925 9 sldie i1

o3lo 1055 talii] s sty B pme & 53,5 5,55 al., 2011
0395 (1jg Wgr y> ol 0jol Sl (JS idg)lS clale wsuis
5 089 2 Slas g gy )3 By 3,Sles g S adls L adls
2 syl bulyd b 4y )3 (095 5 S 5> e 5 Shas
balyd o s 4ty (5 anlity 398 e opies sty ST
Ol s (5)lg5 pgoany paalty Bpae Sts lomg
G O (Gl adtae Laylp b ) oS (o 53 95 00 5 Sles
sh il s gols .Canl ol (i)l55 (5)lg Bpuao 5 (daw
haw (iSgy (LS 53 p)SekSYY) )ly Spae (S 5 &S
AKBtar ) 3,5 2351y 5 3,Skae 5L (1650 53 0,5 oeSY)
{etal., 2003

Oliee 9 sy (9355 @it & 4y (AS (o5 LSSy 42 5]
Olioe 42gid)g0 4y )3 )ed 9 59 Lulpd 53 wawly By
Abood et al., 2014 Aladakatti et al., 2011;) cowl 035
Feng et al., 2013; Dev et al., 2009; Arshad et al., 2014;
oleMbl Lol (Grewal and Duhan, 2012; Li et al., 2012;
S92 diy 3)Shee 59 Ll 3 ety bapuds )50 )3 (S
e ) nliy b5 0950 g e )2 el ol 5 G o)
Dy sy 38es (glipl 55 Sas  (olyglge

sy, 9 2lge

laSsly b gk B > Ml oo Gl
Oladss oSl Sladss dejjo o )S0 dw b Solay JolS
A3 s WAY Jlo )3 (LI )1) s amb wlio 5 (55yslsS
ol Glsl) Jlgsew Gl seed i (6 pegSVD 53 ols]
43 8FF g 4500V g 5y 4 2BV g a2V 3 (g9,
Al o a0 Lyd prdaws 51 ol gl g oy 13 o Lslas Jobo

& ) iy USR5 £ SolSVO 5 VO Jlade (Lol Jele
e gy 5 By 0555 5 (S0K0,185) gy (5355
Gia0jat o)t (2AIS gl Ao ) dVO+ ClilS dus 2V
25 ol a3 e+ e ilS Lo 2YD ((25PH25F+25B)
CslS A o)3Vd ((25P+50F+25B) (gasoje© Ao oV
B gl 2o ) VOF (S Cudam gty Al o) (g Mo y2VOF
Cils’ Lo 3D ((25PH25VA25F+25B) (sauojee duo oV O
Lo 2VD g (25PH25vH50B) 205 wo )b e+ dyg) duo oV O
(25P+25VA25B) (gainjse dodVO+ gy duoydBet CusslS
g (25 Jale lyisas

ae)5e WAY 5l )3 9 090 el S8 Jls o ptalesl e
Jolis (6581 ldas AY ologpd)g)8 )3 5 Ab 03) Bres poub
A Lol e JoolS ubans 9 Sd dipe 93 ¢ rlaw o

Dev et al., 2019; ) o)l 1,8 59,50 caydypn g Canl Hldy95 5
(Gormus, 2002; Jagdish et al., 2010; Chen et al., 2014
934y Jolre (b 53 el o (o) 5k iy b aw a5l
Panayotova and ) pewly ds 3 d iy pimw gdal,ST
2 iy (i d pewly 45 cowl 0ud s (Valkova, 2010
Ol bawgio yo- SSB )> d ST.adl awdl asy saigad,
Feoslaj i Lal g g0 040 coliS b gllae 3> )3 prlsy
Wile gaasie Jolse )5 1) 0lS bawgi il bl dg2ge maly
OPi5Sedr g ity g2 aeedS g a8 o2 Sl pd]
Kafi et ) 33,5 o puwlty wds ialS" caw Ca/K 5 Na/K cons
s ol (s3eS B rne L SE &5 0l 3 1Y (al., 2012
el (218 polis (> 298 (£ QLS 2)Sdee il B
bagid Adl e Jlyge pale (pagw yind 9 (1795 | A
OIS e Lilie bawgs ety (sl (g335k0 (S5olgn 08
Oosterhuis, Panayotova and Valkova, 2010) ccuwl sai
Sy Slas o |y pomolly 355 (B pume (giedgum disio gulis L(2002;
= by Byae Cuto SlTlod, S 1S 4ty (&S 9 (o5
Pervez et al., Gormus, 2002) 4, 5, Slos (glin! 5 5,Slos
Pervez et al., 2005; Pettigrew, ) a_s BLJI cuas (2005;
oleasily iul38l g o gylow 4y Cuglis g (2003; Gormus, 2002
S90S .l 00 (5135 4y, (Jiang et al., 2011) Ol G s
Zhao et al., ) Sy o w dxwgs o yuo e Sl ol
Pervez et al., ) Ol Gyme LS g 5, « ol g, (2001
Si9Tem 3y Slas ((Zhao et al, 2001) ju_wgeb (2005
Akhtar et al., 2003) 054 o3la5l )39 «(Pettigrew, 2003)
5y Slas ((Gormus and Yucel, 2002; Arshad et al., 2014
9 (Gormus and Yucel, 2002; Akhtar et al, 2003) i,
ool adly 4y 5> (Gormus and Yucel, 2002) SUI cuas
39 aelly o 0975 ¢ B a0 365 5 b puao yliho yiogdle
Gormus, .l J35 56 ay Loguas ely; &Y guammo STy
PSSV Sl ity e By 4 4y STy pae 2002
2 ey 0Ly B puae & Cunl Miine (69 003)5 () ]y el
5 059 2Slas g5 Cuw b Ll 3 (a30jeé b ye Lol
S o 32,5 o ey a5 b dulio 13 (5 5 0358 g
Lol )8 58b cov ) ay (iS5 Sles panliy 0)cSs e
Bdogo | dmy dly Ay ) Culled &S sl ol 001 LS dgng )]
@ &lig) b gloj cul » Sl S oo by xS wie 20l
&S Cunl opl o olazel Golol cpl g )l glasgs BB iul58l puwlsy
ol o dulyy Ay Cudgize b Sl oty Qo &S als o ol o
(sisio S0, Slgige il Sglome S5k ) pamliy (e 2295 o0
Aswan et .(Abaye, 1998) 13l LS ol 5L ool (sl



IWAB 5l & ojled OF Al ylpl o2l Sleiumay apis  OVF

4 @909 < 9 (BBl U jho Bos) (o SB I s
Joi2) 23 plxl (aleend 5 (S5 Slaa o5 5 (6 S digel ae)je

il oo S (rlhand gy 28 Oluoguas - Jgaa
Table 1- physicochemical properties of soil on experimental site

Manganese  Sodium zinc  Copper Iron Phosphorus  Potash Nitrogen Sand Clay Silt pH.:5)

1 . ’ ds

(mg kg™ ppm (%) A mh)

7 1050 0.55 0.46 2.42 4 110 14 63 13 24 10.5 8.2
halojl Jore O (il 3 Oluogad —Y Jou

Table 2- physicochemical properties of water on experimental site

Sllgw N ClhSe 3 el P

Sulfate  Chlorine Bicarbonate Sodium Magnesium Calcium pH

meq I (dSm™)
21.19 5.36 24 51.15 5.02 4.01 9 7.5
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1- Fischer least significant difference (FLSD)
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Table 3- Analysis of variance of Plant height, Sympodial branch N, Boll number, Boll weight, Lint and biological yield, Lint

percent
Olaz o (ko
Means of square
oy EF Ll o Ll 35os
R onlPR R No, of o 9% LinySeed Sy ST w0,
S.0.V I Plant sympodial 4 Boll ield Biological Lint percent
df . branch Boll N. . yie R
height weight yield
’."S, 2 75.85 1.22 1.66 2.88 65779.72 14647802.20 10.36
replication
(A) oot 1 120.80™ 10.09™ 25.76™  39.10°  774577.95  12761354.92" 21.25"
Potassium(A)
J‘f‘ ol 2 51.16 2.96 5.21 2.05 33759.95 22288.28 6.37
main error
‘J)‘M 059‘; *% * * #* *k
Application 4 29.83™ 3.35 16.7 6.05 33759.34 19729413.80 8.72™
method(B)

(A*B) 4 91.09" 1.54" 3.24™ 556" 375044527 385805.43™ 34.19"
o et 16 1.76 1008.7 2.05 1.60 46487.42 783920.8 4.56
sub error

Syt 8.0 16.9 22.9 6.2 4.6 6.4 5.0
CV (%)
2o 0S5 g o gy Jleis] pdaw 3 I gixe 3 gxe p S5 4w g % DS
ns, * and **: non significant, significant at the 5 and 1% levels of probability, respectively.
‘ W25P+25F+50B [125P+50F+25B [@25P+25V+25F+25B [E25P+25V+50F [J25P+50V+25B ‘

80 -

70

60

50
£
A

o 40 -
15
v, &

+ % 301
K
[}

20

10 -

04 L
by O e
potassium rate(Kg ha™)
gy B, 1 paeliy B puce (g g p3lie 3l ) JSUS
Figure 1- Effects of rate and application method on plant height
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Table 4- Effect of K application method on sympodial branch N., boll number and biological yield

3 ,Shos
G & Ll; aa L olass 8398 laxi )
oI T 09 No, of sympodial Boll S5
Potassium application method branch number Biological
yield(kg ha™")
S0l Jo et (IS gl do 2VOH il o ,3VD 5.47 ab
4.63 11200.40
25P+25F+508B ¢ ¢
EX0jsE Juo VO (A sl Mo 20+ S Lo )5V 457 be 520 ¢ 15281.47 a
25P+50F+25B ' ' '
o)W+ (208 ol b ) SYOF (S yr sttty s po) (il gy Ao VO S o 0VO
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(B Mo Bt Ll gy oy VO CublS Loy oVD
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25P25V+50F ¢
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6.16 8.6 13252.54
25P+50V+25B : 7a b
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 2- Effects of rate and application method on boll weight
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Figure 3- Effects of rate and application method on lint yield
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Figure 4- Effects of rate and application method on lint percentage
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Introduction

Salinity is a major abiotic stress that affects approximately 7% of the world’s total land area. Cotton
(Gossypium barbadense L.) is considered as one of the most important cash crops which is widely used for
agricultural and industrial purposes. Although, cotton is classified as one of the most salt-tolerant major crops
but its growth and development are adversely affected by soil or water salinity. Understanding salinity and
fertilizer interaction can mitigate salinity stress and improving crop yield. Potassium (K) is an essential nutrient
that affects most of the biochemical and physiological processes that are involved in plant resistance to biotic
and abiotic stresses. Proper management of K fertilizer is especially important in saline soils where K application
might reduce the adverse effects of salinity on plant growth and yield. There is a little information about rate and
application method of K on yield and yield component of cotton in saline condition. The objective of this study
was to determine the effects of rate and application method of K on yield and yield component of cotton in soil
and water saline condition.

Materials and Methods

The experiment was carried out at Sabzevar Agriculture and Natural Resources Research center
(Haresabad), 30km southwest of Sabzevar (32°32N, 5123E and 1630 above mean sea level),in 2014.This
experiment was conducted as split plot design based on randomized complete block design with three
replications. Factors were: K rate (75 and 150kg ha' Solopotash (containing 50% K,O and 18% S) comprising
the main plot and application method (25%at planting+25% at first flowering and 50%at early boll development
(25P+25F+50B), 25%at planting+50% at first flowering and 25%at early boll development (25P+50F+25B),
25%at planting+25% at vegetative stage (5-8 leaves stage), 25% at first flowering and 25% at early boll
development (25P+25V+25F+50B), 25% at planting+25% at vegetative stage and 50% at first flowering
(25P+25V+50F), and 25% at planting+50% at vegetative stage and 25%at early boll development
(25P+50V+25B) as the subplot. The seeds planted had been acid-delinted and treated with chemicals against
seed and seedling diseases. Plots consisted of six rows spaced 0.5 min row and 0.2 m in plant (10 plants m™) and
6 m in length. To evaluate yield components of cotton including plant height, sympodial branch number, boll
number, boll weight, 10 individual plants were selected randomly from final harvest area. At harvesting time one
meter square from the beginning and a half meter around each plot was removed as a marginal effect. The
remaining area was harvested by hand for determine of lint and biological yield. Seed-cotton samples were
ginned to separate the fiber (lint) from the seed. Lint percentage (%) was calculated as the weight of lint to
weight of the seed-cotton. The statistical analyses were performed by SAS software Ver. 9.1. The mean
separation was done through Fischer least significant difference (FLSD) test at alpha 0.05.

Results and Discussion

Analysis of variance showed that boll weight, seed cotton yield and biological yield were significantly
affected by potassium rate, whereas plant height, number of sympodial branch, boll number and lint percentage
was not affected by potassium rate. All traits were affected by potassium application method except plant height
and lint percentage. Plant height, boll weight, seed cotton yield and lint percentage were affected by interaction
of potassium rate and application method. Increasing of K level up to 150 kg ha' increased boll weight
(23.64%), seed cotton yield (17.67%), and biological yield (9.86%) in comparison with the application of 75 kg
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ha™. Plant height, sympodial branch number and lint percentage did not respond to K rate. K application as 25%
at planting+25% at vegetative stage (5-8 leaves stage), 25% at first flowering and 25% at early boll development
(25P+25V+25F+25B) had the highest boll weight, seed cotton yield, biological yield and lint percentage. In both
K rate, split application of K at planting, vegetative stage, flowering and early boll development (equally at each
stage) had the highest seed cotton yield. Potassium application at flowering or early boll development had more
positive effect on seed cotton yield than planting or vegetative stage.

Conclusions

The best seed cotton yield could be achieved with a combination of high dose of K fertilizer and split
application of K at planting, vegetative stage, flowering and early boll development (equally at each stage).
Increased K rate increased seed cotton yield because of improved boll weight and boll number in saline
condition. Boll weight had more correlated with seed cotton yield than boll number. The K application as 25% at
planting+25% at vegetative stage (5-8 leaves stage), 25% at first flowering and 25% at early boll development
(25P+25V+25F+25B) gave higher cotton yields than other split applications in saline conditions.

Keywords: Lint yield, Morphological traits, Salinity stress, Split potassium application
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Table 1- Total precipitation, mean temperature and mean humidity during growing season of 2013-2014
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Table2- Result of physical and chemical soil properties (0-30 cm depth)
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Table 4- Mean comparisons for yield and yield components of Canary forage affected by different irrigation levels
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Table 5- Mean comparisons for yield and yield component of Canary forage affected by different fertilizer treatments
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Introduction

Canary seed (Phalaris canariensis L.) is a forage plant from Poaceae family. This plant is drought tolerant.
Canary seed is originally a native to Mediterranean region, which can be grown commercially in several parts of
the word, especially in semi-arid conditions.

Increasing growth of population and lack of ability of pastures to satisfy the food requirement of animal has
led to more interest in cultivating forage plants. In this regard, Canary seed having properties such as high yield
per unit area, high tillering power, very fast growth and appropriate nutritional value, is of considerable
importance and its cultivation development especially in arid and semi-arid regions can be effective in providing
part of the country forage needs.

Optimum water requirement is considered as one the important factors to obtain a high growth and yield of
the product. On the other hand, Iran is located in arid and semi-arid climate region of the world . Therefore,
determination of appropriate amount of irrigation water can lead to the improvement of water use efficiency and
preventing the water loss.

In order to achieve a high yield and desirable quality in plants one of the important requirements in
agricultural planning is the evaluation of different systems of plant feeding. By applying an appropriate method
in soil productivity, in addition to protecting the environment, optimization of water usage, reduction of erosion
and protection of biodiversity can be increased. Therefore, gradually replacing chemical fertilizers with
biological and organic fertilizers will result in providing feed requirements of plants, improvement of physical,
chemical and biological conditions of soil and reduction of adverse environmental effects resulting from
application of chemical inputs. The aim of this research was to study the effects of deficit irrigation and fertilizer
management based on sole chemical and organic fertilizers or their integrated application on the yield and yield
components of the forge of canary seed plant on the path of sustainable agriculture.

Materials and Methods

To investigate the effects of different levels of irrigation water and integrated management of chemical and
organic fertilizers on growth indices, yield and yield components of the Canary seed forage, an experiment was
conducted as split plot based on a randomized complete block design with three replications at Agricultural
Research Station, College of Agriculture, Ferdowsi University of Mashhad, Iran during growing season of 2013-
2014.

Different regimes of irrigation were in three levels (60, 80 and 100 percent of water requirement) in main
plots and fertilizer treatments were in six levels (chemical fertilizer, vermicompost fertilizer, manure, chemical
fertilizer + vermicompost fertilizer, chemical fertilizer + manure and control) in sub-plots. The amounts of
treatment of nitrogen chemical fertilizer (200 kg ha™' of urea source and 150 kg ha™ of triple super phosphate)
were applied in corresponding plots. The amounts of manure fertilizers (30 ton ha™) and vermicompost (6 ton.
ha™) were determined and applied based on recommended amount of nitrogen. Water requirement of canary seed
was estimated by the OPTIWAT software in continental condition of Mashhad . The volume of irrigation water
for irrigation treatments was estimated based on 60, 80 and 100 percent of water requirement and was recorded
as applied in each round of irrigation.
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In order to harvest the forage in the emergence stage of 50% spikes of the Canary seed, 10 plants per plot
were randomly chosen before harvest and traits such as per plant height and the number of tillers were recorded.
Then, considering marginal effects from a surface equivalent to 1.4 m?, plants were harvested from the height 3-
5 cm and the weight of forage produced in each plot was measured and determined by weighing. Then, the
harvested forage was transferred to the laboratory and two samples with approximate weight of 500 g were
picked by quarter sampling. After weighing one of samples, it was transferred to the oven with the temperature
of 75°C and after 48 hours the dry weight of samples were measured and determined by the balance with 0.001 g
resolution. The second sample was separated into yield components of forage including leaves, stem and
reproductive organs of plant. They were placed individually in the oven with the temperature of 75°C for 48
hours and then the yield components of the forage were determined.

Finally, resulted data were analyzed by the software SAS ver. 9.1 and mean comparison based on Duncan
multiple-range test was conducted by the software MSTAT-C in the probability level of 5 percent.

Results and Discussion

Experimental results indicated that the effect of the different levels of irrigation water on the most traits
examined except the percentage of leaf to the total dry content of canary seed was significant. The maximum
yield of wet and dry forage was observed for irrigation regimes of 100 and 80 percent water requirement with
24.7 and 6.51 ton ha™, respectively. In addition, the traits including plant height, the number of tiller in per plant,
the spike percentage, the yield of wet and dry forage and forage protein also underwent manure treatment. The
maximum yield of wet forage was obtained from vermicompost and animal manure treatment, the minimum
yield was related to treatment without manure (control). The maximum yield of dry forage was observed for
vermicompost and animal manure. Thus, consuming vermicompost or animal manure and sometimes their
integration with chemical fertilizers will have a more significant yield. Furthermore, using deficit irrigation
method, with 80 percent water requirement, in addition to saving water, desirable yield per unit area can be
achieved.
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