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Table 1- Average of minimum and maximum temperature of months (sowing to harvesting) in Shavoor Agricultural
Research Station for two years (2006 and 2007)
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Nov. ol - - 10.5 32.3

Average 24.2 42.9 21 41.6
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Table 2- Combined analysis of variance of floret a

(MS) e o (oL

4y Sl Jeb

so.v Ot gl d;;ﬂ ;’::i‘:‘h' A‘i:;-":\:gth Sti;ujz-: ;]::gh s;:-lsn?gbm ’::’Zu:fﬂf: (:I::ii:d
Year Jo 1 38056.56™ 101935.94% 5513.10% 3216.05™ 5607.74* 3729206.756™
Error a a s 4 15469 33 5307.70 40426.56 472239 29053.91 938952 958
Sowing date ol & 2 103644.54° 3950.16™ 167728.48" 37295.75" 184126.99" 28143105.555"
Year<Sowing date e 2l 2 89719.02° 6016.58™ 97397 14™ 17731.22° 21283 40™ 7589315 645™
Error b bos e les 8 17078.52 3228.14 27852.09 2887.75 8314.01 267463.180
Cultivar 5 4 6561076.68 12357.66" 697433.39™ 94312.77"" 206977.11" 8458516.215™
Year = Cultivar Jhox o3 4 6026 87 2582 05™ 39248 39% 15693 .97 6098 50% 1519678973
Cultivar x Sowing date uslS Gt %a3, 8 114803 36" 12814 68™ 180350 32" 27586.98" 15461 64 871224.284™
zz‘gfid‘“e *Year Lx2lS b x o3 8 10607.89™ 7106.32" 27554.99% 9116.75® 23586.05% 268546.278™
Error ¢ €S s 48 15565 74 255247 23321.67 6451.22 8756.73 548376175
CV (%) VAT RN - 7.1 18.6 15.7 19.7 10.8 17.7
200V g8 Jlazal o 3 )b e g g0 b ne i i *¥F L ¥ a8

ns. * and **: Non-significant. and significant at 5 and 1% level ofprol;abﬂmy. respectively.
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Cdls loj sa,loni )5 gy A8 dodS 097Ul s gy po Al 95 (Sl duns o -3 Jou
Table 3- Mean comparison of floret anatomical characteristics rice varieties in planting time treatments

s Sl Jobo Sy ooye ;M ik al Job 03,5 4l gdaus 4ba,Slec
e Anther length Anther width tigma Style length Pollen area G_r am
Treatments length yle leng 5 yield
(nm) (nm) (pm) (um?) 1
(nm) (kg.h™)
cullS gl
Sowing date
D1 1804.59 a 284.35a 1049.42 a 373.71b 838.68 b 31442 ¢
D2 1689.50 b 269.55a 900.39 b 402.26 b 951.74a 5110.7 a
D3 1767.81a 261.76 a 964.13 ab 443.83 a 801.26 b 4327.3b
w5
Cultivar
V1 1836.89 ¢ 264.18d 754.45¢e 290.97 ¢ 898.45 b 4985.1a
V2 1419.68 e 229.67 ¢ 1232.98a 490.14 a 783.36¢e 4567.7 b
V3 1887.41a 289.71b 930.92¢ 415.79 ¢ 810.67 ¢ 3303.6¢€
V4 1854.88b 293.92a 1106.66 b 429.52 b 789.87 d 3657.1d
V5 1770.98d 28194 ¢ 831.54d 406.58 d 1037.11a 4456.8 ¢

L5085 g )b xe 9l 75 paws ;3 LSD g0l (whil p cbiads S o B> 5 Jilis gl)b &S oo Sk gt o
In each column, with at least one similar letter(s) are not significantly different at 5% probability level using LSD Multiple Range
Test.

Sy 25 ols 5 cips ) 15 cuils’ lago i i ja :D3,D2 D1
JW g bex o8 (6yguie pe> 0pgn sland,y cuija V5 V4 V3 V2 V1
D1, D2 and D3: Sowing dates 5 May, 26 May and 16 Jun, Respectively.
V1, V2, V3, V4 and V5: Hoveize, Hamar, Red Anbboori, Champa and Danial rice cultivars, respectively

Cdls loj sayloni )3 g e8] ddS 097Ul dy gy po Al 93 (35l dus o —4 Jou
Table 4- Mean comparison of floret anatomical characteristics rice varieties in planting time treatments

o ls Slay Jsbo Sl yoye ;M Jsb a&ls Job 03,5 &l el s Sles
T o Anther length Anther width tigma Style length Pollen area Grainyield
reatments length 2 £)
(um) (um) (um) (um®) (kg.h™)
(nm)
csls 2 )b 5)
Sowing date  Cultivar
V1 1842.50 g 237.331 749.50 n 352.63 | 904.57d 3993.5h
V2 1472.83 m 230.13 m 1489.98 a 379.95 i 715.820 4075.4¢g
D1 V3 1788.27 j 341.30a 873.10 k 372.87k 74520 m 2073.8 1
V4 1889.20 ¢ 293.53 f 1252.90 b 430.47 f 731.07n 2102 k
V5 2030.13 a 319.43¢ 881.60 j 332.63m 1087.72 b 3476.2 )
Vi1 1812.58 h 245.50 j 486.12 0 213.980 963.62 ¢ 5698.6 a
V2 1432.27 n 250.83 h 1100.33d 530.63 b 886.07 g 5337.7 bc
D2 V3 1962.23 b 287.37¢g 101247 ¢ 462.13d 898.95¢ 42925¢
V4 1749.37 k 339.60 b 1058.03 e 425779 880.37 h 4614.7d
V5 1491.07 | 224.43n 845 | 378.80j 1129.67 a 5376.9b
Vi1 1855.60 f 309.70d 1027.73 f 306.30 n 827.15i 5263.2¢
V2 1353.93 0 208.03 0 1108.63 ¢ 559.83 a 748.18 | 4289.9 ef
D3 V3 1911.73d 240.47 k 907.201i 412.37h 778.85] 3533.3i
V4 1926.07 ¢ 248.62 i 1009.03 h 432.33¢ 758.18 k 4254.7 fg
V5 1791.73i 301.97e 768.03 m 508.30 ¢ 893.93 f 4284.2 efg

L5085 g )b xe 9l 75 paws 3 LSD g0l (whil p kit S o by 5 Jilis (gl)b &S oo Sk gt o
In each column, with at least one similar letter(s) are not significantly different at 5% probability level using LSD Multiple Range
Test.
Sy 25 3ls 5 wipus ) 15 cuils’ lago i i 4y :D3,D2 D1
JUls 5 Lo o8 9w pa> oan land) ciia VE VA ,V3 V2 V1
D1, D2 and D3: Sowing dates 5 May, 26 May and 16 Jun, Respectively.
V1, V2, V3, V4 and V5: Hoveize, Hamar, Red Anbboori, Champa and Danial rice cultivars, respectively.
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Treatments First Sowing date Second Sowing date Third Sowing date

0p9® 9
Hoveize cultivar

2> o5

Jub o8,
Hamar cultivar

Danial cultivar

Lez 05,
Champa cultivar

R S5 )
Red Anbboori
cultivar

CdlS &, glajlond 3 @ ) S (cogilil -1 UK
Sl 5 4ols WS o554 Ant 5 Sty Sti
Figure 1- anatomy floret of rice cultivars in planting dates treatments.
Sti, Sty and Ant Stigma, Style and Anther Respectively
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Introduction

Rice is one of the oldest cultivated crops. Anatomical changes in plants under environmental stress can

reduce the vascular bundles area such as Xylem area; as a result, these changes can protect cells from death and
dieback. There was a difference in terms of pollen germination at times after anthers’ opening. Variety Minyhui
63 had the highest germination rate (85%) at time O or immediately after anthers’ opening; but for variety
Rufipogon with lower germination rate (60%), 50% of pollens were alive after 12 min (longer). The lowest
germination rate (34%) was observed in hybrid varieties with an average longevity that even after 40 min more
than 50% were alive. Simultaneously between opening of florets, anthers causes high self-pollination in rice, but
flowering time under stress can postpone the turgidity and growth of pollens. Matsui and Hisashi (2003) reported
that positive correlation between the number of pollen on stigma and morphological characteristics.

Materials and Methods

The current research was done for recognizing the impacts of different planting dates on morphological traits
in five cultivars of rice in Khouzetan. An experiment was carried out by 2 factors as split-plot using randomized
complete blocks design with three replications in agricultural research station. 3 planting dates (2.15, 3.5, and
3.25) in the main plots and 5 sorts of rice including Hoveize and hamer (heat tolerance), red Anbori and Champa
(sensitive), and Daniel (semi-tolerance) were arranged in the sub-plot.

Results and Discussion

The result of combined analysis showed the reaction of cultivars were completely related to planting dates
and significant difference were observed for interaction effects in %1 and %5 probability level. The highest
anther length, stigma length and style length were related to planting dates 1, and 3. Meanwhile, the planting
dates with longer anther and stigma had more pollen number. But among cultivars the reaction was completely
different, and cultivars with longer anther had shorter stigma. Also cultivars with increasing of pollen and anther
surface and pollen number and development of pollen nutrition respectively can prevent of pollen abortion and
yield reduction. The highest grain yield was related to the suitable planting date (3.5) that had %62.5 and %18/1.
Production increase with respect to. 2.15 and 3.25. Because the second planting date had the suitable stigma,
style, anther length and so anther width and more pollen number on the stigma that can increase pollen
germination and production. Among the sorts, Hoveize was superior than others and it had higher yield with
50.9% and 36.3% respectively than 2 sorts that are sensitive to heat: red Anbory and Champa. The shorter
growth duration (10-13 days) with respect to other cultivars and escape of high temperature was adaptation
mechanisms of Hoveize. On the other hand cultivars had different reaction in related to temperature condition.

Conclusions

Therefore, we hope to increase production under stress condition whereas breeding objectives concentrate on
the lowering vascular bundles and control length of florets components to increase contacts between pollen and
florets and finally, fertility.

Keywords: Fertility, Heat stress, Pollen, Rice
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Table 1- Monthly mean maximum and minimum temperature, solar radiation and monthly total rainfall of Ramhormoz
during 2008-2010

Maximum Minimum Radiation A
Month temperature (C) temperature (C) (MJ.m?.day™) Precipitation (mm)
(2008-2009) __ (2009-2010) __ (2008-2009) __ (2009-2010) __ (2008-2009) __ (2009-2010) __ (2008-2009) __ (2009-2010)
21 Oct.- 20 Now 17.8 17.9 8.3 8.3 14.0 133 215 25.2
21 Nov. -20Dec. 15.7 19.4 7.4 9.9 9.9 10.1 84.4 117.1
21 Dec.-20 Jan. 15.9 14.3 6.9 7.0 111 9.3 83.2 43.4
21 Jan.-20 Fab 20.9 20.8 11.2 9.0 14.9 14.7 53.0 14.7
21 Fab.-20 March 24.0 31.6 13.0 16.1 15.8 18.7 42,5 214
21 March-20 April 315 355 19.8 20.7 18.5 21.2 20.8 34.9
21 April-20 May 41.3 40.7 26.1 25.9 25.7 26.2 15 0.0
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Table 2- Parameters of the model fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days after sowing (see model 2) to determine leaf lifetime for
wheat different cultivars at first experiment. Amax, total plant leaf number: a, the steepness of increase in leaf number; by and b,. GDD when total or senesced leaf number reached to 50%
of their maximums, respectively. n. number of observation; R2, Coefficient of determination; RVSE, Root Mean Squared Error; SE. standard error and CV, coefficient of variation.

Total leaves

Senesced leaves

Cultivars

atse bytse Amax +se RMSE CVoe Rr? n atse bitse RMSE Vo R’
Atrak 0.008+0.0040 48632922 24118 27 136 0.99 6 0.004620.0011 945 44451 095 85 099
Bayat 0.0070.0030 5228878 27.6+1.2 30 138 0.99 6 0.0049:0.0011 928 1+44.1 11 84 099
Chamran 0.009::0.0050 478.9:80 8 26.3+1.0 02 1.1 0.99 6 0.0046:0.0008 997.7+41.8 08 6.8 099
Chenab 0.008+0.0015 508.8+39.6 26.8+1.1 13 59 0.99 6 0.0050=0.0010 975.8+42.0 09 77 099
Dez 0.009+0.0069 476.6:101.0 250517 27 128 0.99 6 0.00520.0020 91565524 12 111 099
Tneia 0.007.0008 518.4=26.8 26.6£1.1 09 40 0.99 6 0.0051=0.0010 957.7541.5 10 8.0 099
Kavir 0.007+0.0014 546.7=50.5 239412 15 80 0.99 6 0.0047+0.0011 981.2£54.7 10 9.4 0.99
Shoa 0.007+0.0013 51732427 26.01.1 14 6.6 0.99 6 0.0046=0.0007 1001.1£38.4 09 76 099
Vienak 0.006+0.0006 540.0+24.9 26.5+1.1 08 39 0.99 6 0.004520.0007 104332475 07 85 099
Yavarous 0.006+0.0008 554.0+33.9 24.6+13 1.0 54 0.99 6 0.0046=0.0006 104232361 08 7.1 0.99
Zagrous 0.007+0.0013 529.7x44.7 29.9+13 15 68 0.99 6 0.00470.0007 996.7£37.7 0.8 6.1 099
Total data 0.007+0.0005 5149+159 25.8+0.9 17 8.1 099 66  0.00470.0003 983.1+15.5 0.6 7.0 099
Marvdasht 0.007+0.0010 528.0+322 278410 22 102 0.99 6 0.0051=0.0010 965.5+39.6 07 7.0 0.99
$78-18 0.008+0.0010 4696260 27.2+0.9 18 77 0.99 6 0.0052+0.0011 950.8+42.7 11 5.6 099
Shiraz 0.009+0.0090 507.0+20.0 29 8+0.9 13 56 0.99 6 0.00490.0009 942.0+37.2 09 6.2 099
Star 0.006+0.0005 567.7=20.4 29.2+0.8 14 62 0.99 6 0.0046=0.0007 1043.8+45.0 0.6 9.8 0.99
Total data 0.007+0.0005 52332202 28 9+0.8 20 838 099 24  0.0051=0.0006 952,923 8 15 148 099

A5 s g Jaan 55 o1 1S5 5l g b 4B S L 3 Wy > Sy JS dlaw yiSTas alie g ol dig ok o sla S IS sl - )

Goy D gy Sy ol ST8-18 Y o kil g po ¢jlyuis
b o sine B3] pl6] e cgloyzolly sl 5 51 15900 2
Wgr 1> S poliws ol A0+ A ey U o dulio aiiilys om
Joraeyd & bdig pgd Jlo ) a5 ob L Giagh Jlo g3
SN ao ST sl 5l oloj cul @ ) lp i 23

(oY JS3) 00,55 osalie Jlo 80 oy Jld ixe

9 Sy JS ol laodh & ¥ Jae il 5l Jols ol

Vidsa o (gl ped Jo 3 paiS pB)l ) gy g 9 3)5 Sy
oish ped Jo 50 daodls 4y Jao cpl (53l b ol i 034
MBI o b Wy jo sy JS Sy oolaws a5l Bl 5
sy & Juo o3l oas &l Jodo b silles aidld (o)l bize
Pyl as ol lis by jedayn blie j0 wg 0 Sy J§ ol

Js y3 08 alisee o8] 33 Sy por Jb el (510 (T Joe) oS 31 e 0 G5 a0 il 53 g Sy slaad g gy S I8 sl glaesls ay sl onls (10 e (sl el )L =T Jga
395 pSlas ual a4y digt )3 s GBS J5 laai g iy (GBS 1 JS dlaed (3 42 95 ) 33y e )3 T e b g Br oS dand o 130 G @ ey > S 5 JS Slasd Amax gy 093

s ) paidd g o OV g Jlima slad se clad Olay o 085k i RMSE ¢ pad cu o RY alinliin 3103 m e g0

Table 3- Parameters of the maodel fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days after sowing (see madel 2) to determine leaf
lifetime for wheat different cultivars at second experiment. Amax, total plant leaf number; 2, the steepness of increase in leaf number; by and bz, GDD when total or senesced
leaf number reached to 50% of their maximums, respectively. n, number of observation; R°, Coefficient of determination; RMSE, Root Mean Squared Error; SE, standard
error and CV, coefficient of variation.

Tatal leaves

Senesced leaves

Cultivars pr byZse Amaske | OBE V% ® o bse RVMSE  CV%
Rk 0.00820.0029 39105379 730511 30 110 099 & 00041=0.0010 T196.02007 00 148 099
Bayat 0.006=0.0028 5054262 5 240-18 28 148 099 &  0.008320.0013 100082220 06 80 099
Chamran 0.007+0.0017 57794270 242-13 14 73 099 6 0004200014 1173441218 15 211 099
Chenab 0.00820.0020 57232260 234212 14 74 099 6  0005250.0020 103592876 16 216 099
Dez 0.00720,0068 560 6292 5 24 4227 47 247 099 6 00068200009 1048 0224 3 06 80 099
Teia 0.00720,0018 54842329 226211 16 79 099 6 00053200009 10732240 5 08 101 099
Kavir 0.007-0.0021 6089246 9 258213 19 115 099 6  0.0066=0.0021 988 82573 13 177 099
Shoa 0.003+0.0008 641.0228.6 22.0:12 11 58 099 6 0005900017 1090.2559.9 07 78 099
Vienak 0.009-0.0034 53232344 337212 20 110 099 &  00073=0.0007 065,235 4 12 164 099
Yavarous 0.00420,0006 6564233 9 238214 09 54 099 6 0006000011 1162 3238 4 09 91 099
Zagrous 0.006=0.0011 61232250 235215 10 58 099 6 00055200016 1061 6269 5 13 172 090
Total data 0.007:0.0007 58464127 255211 19 101 099 66  0.00570.0005 1059 7£18.9 15 180 099
Marvdasht 0.003+0.0008 50305312 272222 22 115 099 6 0.0060=0.0008 10368273 03 50 099
$78-18 0.00820.0010 546.12122 272213 16 73099 6 0004900013 1071.0=73.6 08 116 099
Shiraz 0.006=0.0009 5040213 321225 24 101 099 & 0009200015 102162229 13 182 099
Star 0.006=0.0007 603.14202 297215 20 90 099 &  0005320.0015 116632718 17 215 099
Total data 0.00620.0006 58894321 285213 30 137 099 24 0.0063=0.0004 1083 32439 24 277 099
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Table 4- Parameters of the madel fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days after sowing (see model 2) to determine leaf
lifetime for wheat different cultivars at two experiment (data were polled in fwo experiments). Amax, total plant leaf number; a, the steepness of increase in leaf number; by and
bz, GDD when total or senesced leaf number reached to 50% of their maximums, respectively. n, number of observation; R, Coefficient of determination; RMSE, Root Mean
Squared Error; SE, standard error and CV, caefficient of variation.

Total leaves

Senesced leaves

Cultivars

atse bytse Amax +se RMSE CV% R- n at se batse RMSE CV% R-
Atrak 0.008+0.0020 5689372 23710 23 1211 0.99 12 0.0041=0.0016 1082.7£130.8 24 277 0.99
Bayat 0.007+0.0022 580.1+47.1 26.1+1.4 31 14.8 0.99 12 0.0059=0.0018 965.8+55.6 2 19.6 0.99
Chamran 0.008+0.0017 5573312 25.4+09 21 104 0.99 12 0.0044=0.0015 1088.2£108.2 24 249 0.99
Chenab 0.008+0.0020 562.2£35.6 23111 24 11.8 0.99 12 0.0048=0.0017 1023.0+88.5 24 244 0.99
Dez 0.008+0.0033 5422553 24.2+15 36 18.0 0.99 12 0.0055=0.0013 992.0=52.5 16 17.0 0.99
Ineia 0.007+0.0012 542/1£273 25.4+08 1.7 81 0.99 12 0.0049=0.0012 1028.8+63.5 18 17.6 0.99
Kavir 0.007+0.0013 590.6=32.2 23.2+09 18 9.9 0.99 12 0.0056=0.0013 990.2+56.0 1.7 18.6 0.99
Shoa 0.006+0.0011 592.6£31.0 25811 18 9.1 0.99 12 0.0049=0.0011 1060.4+61.3 17 16.2 0.99
Vienak 0.008+0.0020 5383384 24.1£1.0 24 11.8 0.99 12 0.0052=0.0024 1025.8£113.2 25 253 0.99
Yavarous 0.005+0.0010 598.83=389 23711 19 104 0.99 12 0.0049=0.0012 1123.0£713 17 144 0.99
Zagrous 0.007+0.0016 578.2+£38.8 253+1.3 24 11.8 0.99 12 0.0048=0.0016 1044.7+86.7 1.6 17.3 0.99
Total data 0.007£0.0005 566.5=11.3 24.6+0.8 23 114 0.99 132 0.0049=0.0004 10353224 1.7 16.7 0.99
Marvdasht 0.006+0.0009 568.1£24.1 26.2+1.2 28 135 0.99 12 0.0053=0.0012 1010.1+533 3.0 342 0.99
578-18 0.008+0.0008 537.7+19.2 28.2£13 2.0 8.8 0.99 12 0.0047=0.0017 1025.6+96.4 1.7 19.2 0.99
Shiraz 0.007+0.0007 572.5£203 31.0x12 22 89 0.99 12 0.0061=0.0013 987.5:39.6 23 237 0.99
Star 0.006+0.0006 603.4£25.2 29515 18 7.7 0.99 12 0.0048=0.0010 111794639 21 21.6 0.99
Total data 0.007+£0.0004 367.5£9.9 28710 27 11.9 0.99 48 0.0053=0.0008 1005.6£201 2.0 19.6 0.99
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Table 5- Average leaf lifetime based on GDD (The difference between b for senesced leaf number (b,) and total leaf number (b;)
gives an estimate of average leaf lifetime (b,—b,), (tables 2, 3 and 4).

Fist year Second year The mean of cultivars between two years
Cultivars b b Leaf lifetime b b Leaf lifetime b b Leaf lifetime
i ' (b=b, —by) 2 ' (b=b, b)) 2 ' (b=b, —by)
Atrak 945.4 486.3 459.1 11969  591.2 605.7 1082.7 568.9 513.8
Bayat 928.1 522.8 405.3 1000.8 6054 3954 965.8 580.1 385.7
Chamran 997.7 478.9 518.8 1173.4 577.9 595.5 1088.2 557.3 530.9
Chenab 975.8 508.8 467.0 10359 5723 463.6 1023.0 562.2 460.8
Dez 915.6 467.6 448.0 1048.0  560.6 487.4 992.0 542.2 449.8
Ineia 957.7 518.4 439.3 1073.2 548.4 524.8 1028.8 542.1 486.7
Kavir 981.2 546.7 4345 998.2 608.9 389.9 990.2 590.6 399.6
Marvdasht 965.5 528.0 4375 1036.8  603.0 433.8 1010.1 568.1 442.0
S78-18 950.8 469.6 481.2 1071.0 546.1 524.9 1025.6 537.7 487.9
Shiraz 942.0 507.0 435.0 10216  604.0 417.6 987.5 5725 415.0
Star 1001.1  517.3 483.8 1090.2  641.0 449.2 1060.4 592.6 467.8
Shoa 1043.8 567.7 476.1 1166.3 603.1 563.2 1117.9 603.4 5145
Vienak 1043.3  540.0 503.3 965.2 532.3 433.2 1025.8 538.3 487.5
Yavarous 1042.3  554.0 488.3 1162.3 6564 505.9 1123.0 598.8 524.2
Zagrous 996.7 529.7 467.0 10616  612.3 4493 1044.7 578.2 466.5
Total data 979.1 516.2 462.9 10735  590.8 482.6 1037.7 568.9 468.8
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Figure 1- The model fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days
after sowing (see model 2) to determine leaf lifetime for wheat different cultivars at first year of experiment(a), second year

of experiment (b) and average of different cultivars at two years of experiments. (Broken line is related to marvdasht (mar),
shiraz (Shi), star (sta) and S78-18 cultivars and solid line indicates response of other cultivars.)
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Introduction

A major component in a crop growth model is leaf area development, which has crucial influence on

photosynthesis and transpiration. Leaf area development involves the appearance of new leaves, expansion of the
newly emerged leaves and senescence of old leaves. Modeling leaf growth has been extensively studied in many
crops including cereals. Methods of predicting leaf area development are diverse from those dealing with the
individual component processes of leaf growth, viz., leaf appearance, leaf expansion and leaf death to the models
predicting leaf growth at the whole plant or whole crop levels. The concept of leaf lifetime is used in some crop
simulations models to quantify the aging of the leaves after reaching thermal time to a certain amount. There is
very little information about wheat aging time in the field, and most estimates of leaf lifetime are related to this
observation that says on the main stem of wheat, at least 3 to 5 green leaves remains until pollination; one leaf is
in the early stages of development, another leaf is completely developed and one to three leaves are aging.
Quantitative information regarding leaf area development in wheat especially in environmental conditions with
high temperatures for the purpose of crop modeling is scarce. Furthermore, genotypic variations have not been
evaluated. Therefore, the goal of this research was to determine parameters related to leaf lifetime in wheat
cultivars in warm environmental conditions.

Materials and Methods

The aim of this study was to quantify leaf lifetime of 15 different wheat cultivars. Two field experiments
with 15 wheat cultivars (Atrak, Bayat, Chamran, Chenab, Dez, Ineia, Kavir, Marvdasht, Shiraz, S78-18,
Yavaroos and shova-Mald) were conducted at the research farm of the Islamic Azad University of Ramhormoz
Branch, south-western of Iran during 2008-9 and 2009-10 using a randomized complete block design with four
replications. To determine leaf lifetime, a logistic model (Amax/[(1+exp)-a(x-b)]) was used in two stages. At
first phase, changes in total plant leaf humber versus growing degree days was determined, then, changes in
plant senesced leaf number versus growing degree days were investigated.

Results and Discussion

The results indicate that the average of leaf lifetime based on growing degree days was 468.8 C d°. This
conclusion shows at optimum condition in terms of temperature, on average, a leaf lasts 468.8 C d°. The average
of phyllochron (the interval time between the sequential emergence of leaves on the main stem of a plant) was 84
C d° in studied cultivars, upon which, the average of leaf lifetime in cultivars was 5.5 phyllochron. Hence,
knowing the differences among hybrids in leaf area attributes may be useful in plant breeding, crop management
and in wheat growth modeling.

Conclusions

Based on the results, there were no significant differences between wheat cultivars in terms of parameters
related to leaf lifetime on stem. The relationships presented in this study describe leaf lifetime under well-
watered condition and reflect the effects of carbon and nitrogen availability and remobilization under these
conditions. However, they do not account for the effects of shortage of carbon, nitrogen or water on leaf
development. Other relationships are required to predict these effects.

Keywords: Growing degree days, Leaf area, Modeling, Senesced leaves, Total plant leaf number
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Table 4- Effect of irrigation regimes, PGPR application and cultivar on gualitative and quantitative yield of soybean cultivars
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Figure 1- Interaction of irrigation regimes and plant growth-promoting rhizobacteria on 1000- seed weight of soybean
cultivars. Error bars show standard error (SE)
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Figure 2- Interaction of irrigation regimes and plant growth-promoting rhizobacteria on seed yield of soybean cultivars.
Error bars show standard error (SE)
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Figure 4- Interaction of irrigation regimes and plant growth-promoting rhizobacteria on seed protein of soybean cultivars.
Error bars show standard error (SE)
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Introduction

In recent decades, sustainable agricultural management, protection of soil living organism’s community and
the efforts to use biological solutions for plant nutrition and society health has been considered. Among soil
microorganisms, plant growth-promoting rhizobacteria (PGPR) are the most promising, including all bacteria
inhabiting the rhizosphere and the rhizoplane, which able to stimulate plant growth and yield. The modes of
action of PGPR are clearly diverse and not all bacteria possess the same mechanisms. These mechanisms vary
from changes in hormonal content, production of volatile compounds, increasing of nutrient availability and
enhance abiotic stress tolerance such as the water deficit stress. Therefore, the objective of the present study was
to evaluate the effects of the PGPR on the yield and yield components of soybean under different irrigation
regimes.

Materials and Methods

The field experiment was conducted during 2016 at the research farm of Razi University, Kermanshah, Iran
(34°, 19" N, 47°, 50" E and altitude 1320 m). A split plot factorial experiment was conducted based on
Randomized Complete Block Design (RCBD). Main plots had three irrigation regimes in which irrigation was
cut based on the soybean stages (I,: water deficit stress from mid pod development stage to maturity stage; I:
water deficit stress from seed filling development stage to maturity stage; and Is: optimum irrigation in all
development stages) and sub-plots were composed of plant growth-promoting rhizobacteria (PGPR) (B:: no
bacteria; B,: Bacillus subtilis; and B: Bacillus licheniformis) and soybean cultivar (TMS, M9 and Kosar). The
experimental plots were irrigated based on furrow method. 13 treatment were irrigated every 7 days until the end
of the growing period while in the 11 and 12 treatments, the plots were irrigated every 7 days until the start of the
water deficit stress. In order to inoculate with the PGPR, the soybean seeds were plunged in a 1:10 (V:V)
solution of liquid culture and distilled water respectively, for 10 minutes. All seeds were oven-dried at 30° C for
5 h. Finally, the seeds by PGPR were inoculated by Bradyrhizobium japonicum before sowing and cultivated
immediately at 4 to 5 cm soil depth. About 1.5 m? harvested at the physiological maturity stage. The
evaluated traits were the total dry weight, seed yield, 1000 seed weight, pod per plant, seed per pod,
oil percentage and protein percentage.

Results and Discussion

The results indicated that the water deficit stress reduced the total dry weight, seed yield, 1000-seed
weight, pod per plant, seed per pod, oil percentage and protein percentage of soybean. The PGPR
application improved all measured traits of soybean in all irrigation regime treatments. The highest seed yield
(380.9 g m?) and total dry weight (1082.8 g m?) were observed in the optimum irrigation and B. subtilis
treatment for TMS cultivar and the highest 1000-seed weight (136.2 g) and protein percentage (33.2) also were
related to the optimum irrigation and B. licheniformis treatment for TMS cultivar. The lowest total dry weight
(828.1 g m?), seed yield (134.2 g m?), 1000-seed weight (84.8 g) and protein percentage (21.4) were
related to the water deficit stress from mid pod development stage to maturity stage and no bacteria treatment for
Kosar cultivar. The results also indicated that the effects of interaction between irrigation regimes, application of
PGPR and cultivars on evaluated traits were not significant.
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Conclusions
It seems that the PGPR via increasing of the root system and more uptake of water in the rhizosphere could
promote the soybean yield and yield components. Nevertheless, as the results showed, the more effects of the

PGPR were observed in the 12 treatment compared to other treatments. The PGPR actually could promote the
yield and yield components of soybean in the mid water deficit stress.
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Figure 1- Average monthly temperature and total monthly precipitation in Shirvan and Mashhad in 2017
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Table 1- Physical and chemical characteristics of soil in experiment sites in Shirvan and Mashhad in 2017

dlee  SBEdl cldlewly  cladlid Kol ek Colaa STy
Location Soil Available K Available P Total N oM S S
texture (ppm) (ppm) (%) () EC(dsm’) pH
claed i 529 286 25.2 0.13 1.4 2.21 7.7
Shirvan  Clay loam
ke e o) 141 195 0.09 0.95 0.69 75
Mashhad  Silty loam
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Table 2- Some of chemical characteristics of used nutrient solution for feeding the seedlings in greenhouse
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Table 3- Combined analysis of variance (mean of squares) for root yield and leaf weight in sugar beet affected by cultivar,
planting date and planting method in Shirvan and Mashhad in 2017

Ol ek b @laayy  adyysSles Sy
S.0.V. df Root yield Leaf weight
Location dilaie 1 1206.31" 10.69"™
Rep. (Location) aibaie )3 Sl 4 121.13 29
Cultivar (C) o5 1 443.78™ 15.39"
Planting date (D) cusls g 1 565.74™ 31.14"
Planting method (M)~ cusls s, 1 2086.79" 32417
C*D 1 90.2"™ 18.97™
C*M 1 15.55™ 6.66"™
D*M 1 829.17" 7.08"™
C*D*M 1 137.33™ 16.43™
C*Location 1 39.64™ 3.09™
D* Location 1 5.63"™ 2.37™
M* Location 1 83.74™ 0.09™
C*D* Location 1 0.342"™ 1.39™
C*M* Location 1 60.14"™ 5.94™
D*M* Location 1 9.57™ 3.39™
C*D*M* Location 1 23.49™ 3.46™
Error las 28 42.69 6.41
C.V. (%) s gy - 10.3 20.2

P re pf 5 do)d S o gy Jlain e )3 (60 xS0l ol iay NS g e i
* **and ns, indicated significant at 5%, 1% levels of probability and no significant, respectively

3 3 alawlgdy w8 e adyy 3,Slee ialS wudls Gl d
(Karbalaei et al., 2012) cul s ys)l55 cuils
iyl

9 om M ke il a5 g ol Sl by 4 b
A opl g ogMe iy dgng b dme M) wyp 3y5e ddlaie
Iosine 18 ke liee p ptalel sloygiSe e 51 oBy 315l e
P e clls I aB)nie W8 ke fuyide (0 Joi2) 35
O BB )ty oo Jlais (5 Jgdn) del Cawndds g puis adlaio
Bl 3 pogasar olen g Ol cglite Lulps s 4 adhie ¢
Ol adlate )3 ol glod by Jad bl 53 A8k A5 Juad
Ay Ay )3 8 dlge geas sl |y gl Lulyd (V JSK)
.(Jafarnia et al., 2015) 5,4l .o ol

S gl Hisa ) iy 4138 5] ol ol ool

(7 J2) 92 )l gime A8 yhise ady) 3dos o 55 CullS g 3
Culgd)) WO ol culS p aBjuiie adyy 5 Slas oy iy
Codigendyl VO 5D padane CutS oy oS 390 Jbs 0 cpl el Canday
s odalie (o)l dme Ciglas 23,5 VD > e 5 (ol S
A5y (85 st 3l Ay 0)90 Jsbo ial38l il yuie o (Y US5)
.(Schnepel and Hoffmann, 2016) 5,ls 5,Slas il38l o 4
).) k.;uu}lg é{)t’ 5.3 ).) M)n\.;_;) W‘."" 9 L;{w k./w.«sn i dw.a.)b’.a ).)
b 2 el sl e ady) 0 Sles op e 35 S5l
adllas y> (Hasibi et al., 2011) cuwl oads )5 Jgl cuils
2 A8y i 9 (bl CulS duwslie b dlaly 0 a5 2,500
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Table 4- Mean comparison results for main effects of location, cultivar, planting date and planting method on root yield and
leaf weight in sugar beet in experiment

whles] sty ?v;;ta)is::: Le:-;‘f {/vii)sht
Experiment factors (tonneg/ ha') (tonnes h%-l)
Location  ailie
Shirvan g5 68.172 a 12.071a
Mashhad g 58.146 b 13.015a
Cultivar .3,
Anaconda 1Sl 66.199 a 13.109 a
Dorotea 5,5 60.118 b 11977 a
Planting date <.l &,
S5May  cuigus) el 66.592 a 13.348a
5June b easil 59.726 b 11.737b
Planting method = culs™ 4,
Transplanting L& cuss 69.752 a 13.365 a
Direct SOWING  pbie oS 56.565 b 11.721 b

s I3 gxe BB WB cuni— 5 Codgaiunl (wll p deoyd g Jlein] g 53 (glel bld I S prte By G Bl s olauSiko g y2 )3 9,551 a
Means with the same letters for each column and each factor haven’t significant difference at 5% probability level according to
student t-test.

BDirect sowing

(LSle o 55) a2 Sles

Root yield (tonnes ha'')
L L7 B LY T S |
oo O o o o O

[=]

O Transplanting

5 May

5 June

cuils 2l
Planting date

S8 jine duly ) 3,8es 1 CudlS )b g CodllS (g Jiliie 1T S
Figure 2- Interaction between planting method and planting date on root yield in sugar beet
s I3 xe BMB] SBE  S'g5 0] (bl p doyd s Jlein] gdaw p3 (glel blod I S pndie G K Bl (gl (sla puSibie
Means with the same letters haven’t significant difference at 5% probability level according to Tukey’s test.

2 L5 U] gyl g o 0l gy b dlaily )3 (6,500 adlas
2 30 & cwl a5 wbjuse AS 5 oS slaS R
2 ol pede oyl JWs a1y w8 jle uals i JGnl e
Cals b awlie o olis culS o a8 Jle talS 4 j5)l55 oy
ool ol cutS ) adyy cbledsl ioli8l s 4 )0 padiae
adyy ol iols8l (LotfiKeyvanlo and Armin, 2017) cuwl
O e CulS b duglie > a5y QL5 CulS ) endie
(Hasibi et al., 2011) cul ouds j5)i5 0 opmiime plo lawes

Cawddy Cadigudyl V0 5 A8 )0 culs jl a8 jle oy i

a5 alS w8 ke e 5l aop V8 wwlils o 36 L gkl
A8 jle o WO U Y als 4 (55 0 (5 Jeis)
(Cakmakcei and ol sadsolil cusls j3 130 alewlgdy A8 juias
A8 Jle pyide jo cwls gladsy e » .Oral, 2002)
CudS &S (gy0bds gy )L paiiune CSlS & by yo (Ao yd VF/AF)
Gillas (5 Jodo) 10)5 A8 jle shuo > £/O0 yials el ol
2 poaine SIS )5 B )uiie A8 e (g5 sladllas > @S ()l
(Nasri et al., 2012b) cuwl ous (5)l55 olis culS b dunlio
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Table 5- Combined analysis of variance (mean of squares) of impure sugar, root impurities, alkalinity and molasses content
in sugar beet affected by cultivar, planting date and planting method in Shirvan and Mashhad in 2017

aiyy GBI
Root impurities

vl 2% as ay KVE RIS 3 . . . A tE Mo 23
e 2 SR Ol Ol e Coldl S
S0V <> mpure m : Alkalinity olasses

df sugar i i b pae content

Na* K* a-amino
content content N

Location ailaie 1 15.41" 2.66™ 3.39" 2.01"™ 0.067™ 0.572"
Rep. (Location)  aikate ;> S'sh 4 31.85 0.442 0.393 0.3 0.124 0.076
Cultivar (C) 43, 1 1.92™ 0.307™ 0.548™ 0.392"™ 0.035"™ 0.093"
Planting date (D) ~ c.sls &b 1 31.04™ 5.28™ 6.09™ 1.09™ 0.398"™ 0.677"
Planting method (M) cusls’ s, 1 116" 0.211"™ 0.223™ 0.046™ 0.04"™ 0.026™
C*D 1 0.213™ 0.034™ 0.078™ 0.047™ 0.417™ 0.0001"™
C*M 1 0.0008™ 0.066"™ 0.058™ 0.33™ 0.355"™ 0.039"™
D*M 1 1.33™ 0.01"™ 0.014"™ 0.097™ 0.192" 0.002"
C*D*M 1 0.041"™ 0.126™ 0.04™ 0.039™ 0.0002"™ 0.013"™
C*Location 1 0.007™ 0.037™ 0.002"™ 0.007™ 0.095"™ 0.0001"™
D* Location 1 0.163™ 0.001"™ 0.003™ 0.043™ 0.143"™ 0.002"
M* Location 1 0.187™ 0.013™ 0.065™ 0.083™ 0.282" 0.0006"™
C*D* Location 1 0.067™ 0.011" 0.099"™ 0.126™ 0.039"™ 0.018"™
C*M* Location 1 0.333"™ 0.024"™ 0.004"™ 0.015™ 0.004"™ 0.0003"™
D*M* Location 1 0.001"™ 0.059" 0.002" 0.022" 0.005"™ 0.005"™
C*D*M* Location 1 0.013"™ 0.418"™ 0.798" 0.399"™ 0.004"™ 0.113"
Error s 28 0.51 0.13 0.188 0.11 0.185 0.021
C.V. (%) K [ JUN - 4.9 12.7 11.5 14.9 14.4 8.0

P gme puE 5 do)d S oy gy Jlein] e (3 (650 Gxe ke iy NS o

* **and ns, indicated significant at 5%, 1% levels of probability and no significant, respectively

2 ady, glalbl e il (s)Ses adlas 5 2006)
9 e Bl b awlie o dbhi bl o u8,uee cwls
P WBse Cutby > ady) glaabl e (Bl (pivren
(Cakmakci and  cul oads i35 a0 Jol b duslio )3 ppe j5lel
b ade) Gbaoalbl i by i 4 gyl Oral, 2002)
Jsb pll & gysboay il bls)l o u8)uiie by Jab Job
23,5 (o0 ) Gl pallbl (i (ol Cel w8 aie Ad) 0)9
Cusls oloj 53 Ay made Gl ()50 addlas )3 0> g5
(codemd)) All) Pl > cdl 1 it (00298 Bl) ey
CuslS I yude plia 3 S )3 00 gy (ljee 9 A8,
Ol 3 €l Gloj 8B IS cnl 3 ecul 0B 0155 G890 4
Sl 0ad plyie aee Joloe Sl Sl ady) sl oaldl
Sloogg pas 4 (500 5yl 5 (Mohamadian, 2016)
bl (e 5 ady) gl alBU g9, Wi Jlisl &) o sixe
ot lise ol dalllae pl 0> sl o 0gde cunl 0dis o)Ll OT

sy sl allals o a0
Oglii oy 2y90 dilale 93 eanly Ol Sl e 4
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39 ol SNl (Sbe auglie ls (Jls b (B J2) 20,
sy 3 29290 0pde gy g mall qede (i (pylle oS
9 w5 S5 Jgia) o9 e ailate ;> 28 )aiia CuiS 4 by
Colld glie 5 ad) apalbl Glie p g il )
i lime gl ol Sl aS 0g (Jbb > cpl gl Hly gixe
@l bl 2 (0 Joi2) 390 Yl gime a0 pde ()55 5 el
adoy o alBl e il el cusls )3 136 wtel Cunda
Loyde 059y g maliy qma Olise sgycnlil (5 Jgia) 2,5
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oMo A8 5 p S Foyb 51wy, Khayamim, 2017)
WIS Lilidl el casls 3 86 oS g ol Sl o ady,
i Slrol S F Jsiz) 250 adyy Mo 45 su0p
ol sl ady; bl Glie gl ady) Mo A3
s g0 5l 5l e cudls o sl aAlawlgds WMo A3 l5ee
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(Hemayati et al., cul odd )5 wByuss cusls o 50

2012)

G 30,5 Jg) 3 s Sl b sl 3 55 gl o Lis Js)
pae uls opl alis (Lotfi Keyvanlo et al., 2017) ool oids
adlas )3 ady) GlaealBl oliee p 18juie Culls )0 56
(Karbalaei et al., 2012) cul sais (5,55 50 (5,503
oudke uis

gl adyy oMo 28 liee 55 1 ) 3)90 adlate 93 oy
A8 e cppide elol ol 2 B Jgi2) A odalie o gne
Joiz) a8 Jobs sptie aidhaie 3 Bjuiie et I ady; oMo
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Table 6- Mean comparison results for main effects of location, cultivar, planting date and planting method on impure sugar,
root impurities, alkalinity and molasses content in sugar beet in experiment

ady; G 5L

) . RECRAIPS Roofc impurities LB oMo i3
Dbl sl g3 Impure (meg in 100 g root) = Molasses
Experiment Factors sugar  padw oljee Ol 0395 All((%}:);'ty content

(%) Na’ iy 8 o (%)
content K* content  a-amino N

Location ailaie
Shirvan Jews  15.03a 26b 3.48b 2.03b 3.03a 1.7b
Mashhad Ao 139b 3.08a 4.02a 243 a 295a 191a
Cultivar o)
Anaconda 1Sl 14.67 a 2.76 a 3.64a 214 a 3.02a 1.76 b
Dorotea &9 14.27 a 292a 3.86a 2.32a 296 a 185a
Planting date cusls g )b
> May Culgnd) ee3pl,  15.27 @ 251b 3.39b 2.08b 29a 1.69b
5 June s em3pl  13.67b 317a 411a 2.38a 3.08a 1.92a
Planting method cuslS g,
Transplanting i cus 13.98 b 29la 3.82a 2.26a 3.02a 1.83a
Direct sowing peiiue S 14.96 @ 277a 3.68a 22a 2.96 a 1.78a

A 3 ime M3 181 s 5 Codguianl wlil  doyd gy Sl gaw 0 (gylel blod IS jrie B e G JBlus s (glanSibe gt 40 9,68 ya g
Means with the same letters for each column and each factor haven’t significant difference at 5% probability level according to
student t-test.

CJ""‘” (‘,5]9 P9 o_\;l.fo)ﬁi-s LSL“J}L“’ dldas 9 a)'l..\.i‘ 5 A
asllles j> (Milford, 1976) 555 0 ooy bli)l o8, (sadely
sl B )nise adsblys g adskas pB)l (e gld 4 5 6503
iz pB)l o ol (Beyaz et al., 2013) cul oui
syl bauwgs ol 5 )Sas g Galls 1S5 30 ks ) a8 )atie
(Noshad and Khayamim, 2017; cwl sas 5)l55 50

.Erciyes et al., 2016)

(Jlamnid ol ) Gl S o Sles g sum s

ClS o, ey cadlain )3 ginn 1 Sl (il ly 4356 b
Slecyl pogde g alld S5 Slas 5 e p cudlS by g
oS S o Sles s sl by, g cudlS )b lie
¥ Jsi2) 292 Jlostae

Caoddy 16eSUT 13, 51 o] 5 Shas g Lalls Kb e o et
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Table 7- Combined analysis of variance (mean of squares) of extractable sugar, sugar yield and extraction coefficient of
sugarin sugar beet affected by cultivar, planting date and planting method in Shirvan and Mashhad in 2017

ey JUSSIIBNE oo S Sl s

A PO P
S, 0)*\7 & df Extsruagc;?ble Sugar yield Extracgfogu;c;fﬁment
Location ailate 1 21.92" 47.01™" 101.94™
Rep. (Location) dilate > S5b 4 32.05 17.81 55.96
Cultivar (C) o) 1 2.86" 1374 16.75"
Planting date (D) Bl g 1 40.89" 48.84™ 144.85™
Planting method (M)~ cuals' s, 1 1274 11.33” 25.87"
C*D 1 0.217™ 35" 0.031"
C*M 1 0.028"™ 0.203"™ 2.59™
D*M 1 1.45" 20.2™ 5.59"
C*D*M 1 0.007"™ 2.14™ 0.167"™
C*Location 1 0.009" 0.389" 0.167"
D* Location 1 0.127™ 0.116™ 0.291™
M* Location 1 0.167™ 1.694™ 0.003™
C*D* Location 1 0.015™ 0.0001™ 0.063"
C*M* Location 1 0.355™ 0.252™ 0.505™
D*M* Location 1 0.009™ 0.002™ 0.085™
C*D*M* Location 1 0.049" 0.065"™ 3.8"
Error ks 28 0.636 1.35 2.08
C.V. (%) s g > - 6.61 15.11 1.74

P re pf 5 doyd S o gy Jlain e )3 (610 xS0l ol iay NS g e i
*, **and ns, indicated significant at 5%, 1% levels of probability and no significant, respectively.

JUasias! sy g 3505 3,50k (Jlassis! B 538 3 CodlS g, 9 CudlS e, el et ol 131 pfilye duliio gl —A Jgia
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Table 8- Mean comparison results for main effects of location, cultivar, planting date and planting method on extractable
sugar, sugar yield and extraction coefficient of sugar in sugar beet in experiment

N e i v e
Experiment Factors Extractable sugar Sugar y|eI>(lj Extraction coefficient
(%) (tonnes ha™) of sugar
Location ailaio
Shirvan oy 1274 a 8.694 a 84.38 a
Mashhad Ao 11.39b 6.715Db 81.46 b
Cultivar o5,
Anaconda 135S Ul 1231a 8.239a 8351a
Dorotea 9 11.82b 7.169 b 82.33b
Planting date S oyl
5 May Cadigensd )| w33l 12.99 a 8.713 a 84.66 a
5 June a3,5 w33k 11.14b 6.696 b 81.18b
Planting method clS o,
Transplanting wlis cus 11.55b 8.19a 82.18 b
Direct sowing s CuiS 12.58 a 7.219b 83.65a

s I xe BB 2Bl cni— Bdgutil bl p doyd g Jlein! gaw > (g)lel b I St By O s ghyls (sl xSl (gt b y3 9,951
Means with the same letters for each column and each factor haven’t significant difference at 5% probability level according to
student t-test.
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Figure3- Interaction between planting method and planting date on sugar yield in sugar beet
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Means with the same letters haven’t significant difference at 5% probability level according to Tukey’s test.
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Figure 4- Relationship between root impurities and extraction coefficient of sugar in sugar beet affected by cultivar, planting
date and planting method in Shirvan and Mashhad in 2017
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Introduction

Sugar beet is one of the important industrial crops in sugar production industry. Recently, Iranian farmers

have encountered some challenges such as restricting government support and lack of water for irrigation.
Therefore, sugar beet production has declined in recent years. In addition, lack of precision planting equipment,
dependency on labour force in weed control and synchronizing sugar beet planting with irrigation of other crops
such as cereals has increased problems for farmers. The appropriate sowing technique, optimum sowing date and
application of acceptable varieties will solve these problems.

Materials and Methods

This experiment was conducted during 2017 in Mashhad and Shirvan stations. The experimental layout was
factorial experimental design based on randomized complete block design. The factors in this experiment were
sugar beet varieties (Anakonda and Dorotea), planting method (Transplanting and seed sowing) and sowing or
transplanting date (5 May and 5 June). For transplanting treatments, the seed was planted into paper pots in
tunnel house around 30 days before transplanting. The plots area was 15 m™, had 6 rows (50 cm apart) with 5 m
length. In seed sowing treatments, seeds were sown 10 cm apart, then in 4-6 leaf stage, the plants were manually
thinned to a density of 100,000 plants ha™ (20 cm apart). In transplanting treatments, seedlings were sown 20 cm
apart. The plants harvested on 27 October in Mashhad and 29 October in Shirvan. After harvesting, the root and
leaf were weighted. Then a sample from the root in each plot was selected and used to measured criteria sugar
content, root impurities, molasses content, extractable sugar, sugar yield and extraction coefficient of sugar.

Results and Discussion

The results showed that root yield and sugar yield of sugar beet in Shirvan were higher than Mashhad. While
the root impurities and molasses content in Mashhad were higher than Shirvan. The difference in soil and
weather conditions could be one of the reasons for these differences between two areas. Transplanting treatments
showed the highest root yield and leaf weight rather than direct sowing. Furthermore, the root impurities were
highest in transplanting treatments. According to the reports, branched roots in transplanting roots would be
higher than direct sowing and it can increase the root impurities. Based on this hypothesis, direct sowing of sugar
beet increased the impure sugar and extractable sugar. According to the positive correlation between root yield
and sugar yield, the highest sugar yield obtained from transplanting treatments. The results represented that
delaying in sowing date increased the root impurities and molasses content. Therefore, the sugar yield in the
second date of sowing or transplanting was less than first sowing date. The second sowing date increased the
percentage of sodium, potassium and amino nitrogen, 26.29, 21.24, and 14.42, respectively. In addition, the
second sowing date increased the molasses content compared to the first sowing date by 13.61%. Other studies
also reported similar results. Some of the studies mentioned that decreasing the growth period can increase the
root impurities in sugar beet. Different genotypes also showed different responses. The highest root yield and
sugar yield and the lowest root impurities were related to Anakonda. The molasses content in Dorotea was
5.11% higher than Anakonda. Some of the studies expressed that different genotypes have different cell capacity
to store the sugar. According to the evaluation of the interaction between different factors, the highest root yield
(77.34 ton.ha™) and sugar yield (9.848 ton.ha™) were observed in transplanted sugar beet that planted in the first
sowing date. There is a significant correlation between the extraction coefficient of sugar and root impurities
content, this led to root impurities interfere with crystallization of sucrose and decreased the sugar extraction.

Conclusions

According to the results, transplanted sugar beet had more yield quantity and quality compared to seed
sowing. Also, the second sowing date decreased the quality and quantity of sugar beet. In addition, planting of
sugar beet in Shirvan condition was better than Mashhad condition. In general, it seems that the transplanted
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Anakonda on 5 May in both areas will be appropriate. However, making a decision, in this case, requires further
evaluating such as economic aspects.

Keywords: Extraction coefficient of sugar, Root impurities, Root yield, Transplanting
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Table 1- Physical and chemical properties of soil in experimental site
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2015- Silt
2016 0-30 clay loam 0.9 7.6 35 39 26 0.86 0.51 0.043 8.9 115.6
2016- Silt
2017 0-30 clay loam 0.9 7.7 33 38 29 0.86 0.53 0.043 8.9 118
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Table 2- Monthly temperature and precipitation during the growing season in 2015-2016 and 2016-2017
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Total ipitati
Jo oo Jolas SS1as Silee ota p(:ﬁ‘r:,'q';" ation
Month Minimum Maximum Mean
IFAF- 1Y Y- \vas AFF- 1Y) Y- YA AFE- 1A y¥aa-yvas IFAF- 1Y y¥aa-yvas
2015-2016 2016-2017 2015-2016 2016-2017  2015-2016 2016-2017 2015-2016  2016-2017
Cuden) 11 10.9 26.4 29.3 187 20.1 28.9 0.8
May
3y 156 16.1 315 33.3 23.55 24.7 5.1 0
June
» 15.6 16.8 32.6 34.7 24.1 25.7 0 0.7
July
300 12.4 13 29.1 31.7 20.75 22.3 0 0
August
295 5.4 7.7 22.7 17 14.05 12.3 0 1
September
A 3.6 6.2 8.95 11.1 6.27 8.6 29.3 38.4
October
Chalejl )3 03lil 3,90 (5595 395 LS )5 Y Jgor
Table 3- The compounds of the pigeon manure used in the test
. 1 Y- . & .t b a a u’
I ol 55 9, F e sl oS gl Oj9r 50 od ot Uy
Total Fe Total Zn Total Mn oH EC (mmos.kg™) () Js () owpmws  (N) S5
(mg kg™) (mg kg™) (mg kg™) ' Total N Available P K
86.2 75.2 87.5 6.49 7.8 453 1.7 1.7

Wl 3)Sdas )3 gy dopd Cps ol |5 gy 2Ses
bwgs ladigas (3Eg) jUT 003)8 plosl (S 13 pSokS g0
Bl ska y» (Metcalf et al., 1996) ig, 4 GC olSiwd
el 3l 5 odlizl b )b olel 4o 5 pbl dses))
s ol Sl &S (g5, iyl 05l A plol A/Faseus SAS
bocws Jlgie Jlo 95 > clio sl uibjly o5 oS 4
@ oS yo 425 O)goh bSile Clulie B39 (5%en Kden

288 plol o> gy slbs Jloin] s )3 LSD (g3l g,

S U T 5 SR N NE
ol sl (o aloyo g (BAS 0)3 B (59ye8le Jilgl) A,
P sy glej 90 Jolis cshb s loj jlews o plos] bnjlos
9 S id (S Als yo) Sl Sl g 59y WP 9 WY als ye
Sprayer: Jae) (s, Ve iy (o bugs (413 (SujglgiSs
~= L (standard number 7256, is014001, made in china
28 5 plool 4-hole nozzle ;U lewss xiye yio 5o i oo
(I35 S 5l aslizl b aluSgu g b sy 6ol
@)gon) b 3Sles 3 (49) Jopd wpo ol I g, 3)Ses
WJxS” gy 5l eslatel b gy (g pSojlnl (HiSa 3 pSlS
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Mansori fra et al., 2012; Parvizi et al., 2011; Rezvani et)
e JSB 4 oylee e ab pas K, (al., 2016
S Ollog S5gdghy0e (S jldm o5 23l AFgeSw
2y it 3 cp ey 4> ()9 9 9900 odalie baaily 9 5
&S byl 5l g (Mansori fra et al., 2012) 5)ls aly »,Sles
IV s plosl ails ad s dgy yad cull Sloj o3gdze 40 cuily
s odalide cudlyp loj 31 0 wily 5)Sles j3 (g bbbz s
walsyl 058

YARRPHN i g o b Gl ke duslie gols
Cuwddy $59:5 395 ojlac (B Jole | ald 4 Cuns il
O3S Gl (0 Jg2) 350 5 el 09)5 S )3 loyl b 45T el
SF9S 395 o)las b (2l et gU sod Jles i &5 K38
Maleki and ) a5 sals L awlie o &b 59 li8l cow
Oig OB olis sk 1, Sle awslie zls (Tajbakhsh, 2017
T S5 SS Sy &1 S Sufglonsud (Samy 3 Al 50
ol Jole s cagy Clie 3 pilS w51 catls il
B slewdan Gluusi ez cpl b canl &l 59 50 Lials
(Vo oo b sYL slol aaw b dlge 4 &y I3l oluSy)
Caol &by 59 a3 Blae L
O gy Slas g as s

TAY L gy o> cpytd ((50ke dunlie Jgdo & 295 L
Cessts 5555 355 o)as b (B Jplons 53 a4 s I3
Oy 203 Oyt pod by )l 53 psbiyen (B Jgie) ol
Slidss gl el candts Jol cuily 4 cans Gl /AL
Sty Olo3 32 o) e Ygese iie Lawg odd plos
Olog )h Sy Oloj U g duyoo (WU v & (Sfgl s
o Joloe 51 U ond edalie cLMS] 4 o) Sl
@b as” (Kimber and Gregor, 1995) Wil o > ogada
I35 ,» (Elias and Copeland, 2001) a8l L oo ()
(Mosavi Mogaddam et al., 2013) 4 (Brassica napus L.)
Loy Yo b gy dSlas (pyide b Jlden S5, 5
U 33 (553588 355 o)l b (o3l Jsbe ) nls & s
olel 69,5 S )3 pgd Jlo 53 Hle e b &S sl canday o
Oiore AP B plie (5e8 38 Sl () US2) o5
OF9y Moy I Cel jiud g 3 38 S b
Oy owixed ¢ (Ghanbari Kashan et al., 2017) 5,15
{Dreecer et al., 2000) 545 0 y5 Bpao o5 )38l Cogo
plols Sl hte 89y 3Slas o] @ g o) Gl I
(B Jaso) cuslas (g)bolize pouss by p oyloj 53 aily 5, Sloe 4SSy
(0 Jgi2) Sigleiss (Swmy 3 ) 28es o> £ Ll

2 ibgme ool 51 o ol by 4 Jpie ls
(Ofey doyd ld Hlia i il 3 Slae o 3 Sles Glaw
So Jloinl aw 53 (1S9 p 3 Ses g ign Moy gy 3es
(s j 3,8das Slas p sy Gloj oalw Sl g HIb Gxe doyd
P OSan 3es 5 GEign Moy (Eg) 2hes () Loy
g Jais! gl 53 s S iy 5 2o S Jlois] o
2 Ml 5 Jlo S ean (ien g g dop
(¥ Jgi2) 392 Jlosine o3 gy Jlosn! daws 53 (489 3, Shos
R

TV oy 3 )8es oyt (nSle duglie @ls & d255 L
395 ojlac b (ibJole jlos 4 slate dald 4 cuns il 58l
595 25 oslas g 5yl 09,8 o 3 (o)l b &S 351 (65558
g g (iwgd Clld ((BLS Gibg jew gaw dswg Gage
xS ) 9 (Adygd U 5l s 6)l)55 ) d9de (B Jgi2) olS
5 (0 Js2) b o ol wsar 5 (0 Jgio) (o8 Ls sl
38das Il )3 s g0 Jole &S 9 oo st SiS odle ge2S
2 GBI L y 0Skes i psbomes il
2 st >Shae alS s el cansty Sijlpri Sy
Comd S 2 G032y 9 (48 St @ g |) pod cudldyy olo
(sulS ol > by oy 0 pAL L aS W S gl lRasee ol
Bole )3 dlo (s prew g OB O3] & Sy Coms
Rezvani ) cél ol ()b oxe jobay Ugy o8, gl
calbe bl laasl b L mW « (Moghaddam et al., 2013
Ll
dala g Slas

wn (0 Jo2) LSk awlie mls o ay b
oy W1d 0,8les (BIEN coge dald 4 Cons bn Bl gl
bgbre ) el 4 cond GRIBITVY Ll 5 Slee oy
il b o ol @l el cunday 559 355 ojlas
Jl cov ab sSlee Lilpl L o), > (Maleki, 2017)
pn ely3 s gl S 3 S 355 ojhae b il o
5 ol 395 g (F gi2) s 38 Sl o
O G g 9 SS9 ol (ido S LS > ()39
sily plsl gptmgs wnld g cudils RlEl cow 4 1
W bboo (l38l 5 byl 03)90 dlge o 9 0l aidlo (g
38as YL Ldg S (dlgime ) cle 4 c85 D lgie
Yl o 9956 0 )Sas pRauin )8l ] g B uin b
Nadali ) caul 0 ()55 e bougs Jylie 8k Jges
ombize slaal, sl (et al., 2010; Soghani et al., 2011
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Table 5- Mean comparison of safflower character under foliar application, harvest time, and years

Iy 09 28kas g oy ilidl 4 (Amraei, et al., 2017)
Oyt 3 L5 b pSile duglie gls 3 Cuns o & Plgiee
2ol 5 Jol cuslsy 2ol a s I3 70Y b g p duopd
P9 Cudldy )3 pBgp il cle el Conddy pgd Cudldp
o) Ml JolSS Jolye (b > s s 0 Jdbe

o Sles  abaSles  wbaoj by aep  oiapae  oWgndSes gl EABL bl
e Biological Seed yield 1000 seed Oil Protein Protein yield Plant N. of N. of
Treatment yield (kg.ha™) weight percent percent (kg.ha) Height Branch Head
(kg.ha™) (gr) (%) (%) (cm)
sl
Foliar application
ch;ﬁol 6874.5¢ 2037.4c 32.89b 28.6d 19.67d 399.26¢ 93.53d 7.85¢C 15d
$595 355 ojlas
Pigeon manure 8779.5a 2483.7a 36.5a 32.8a 21.25bc 527.6 b 103a 11.8a 17.16a
extraf:t
Ar“'r:’;n 8139.8ab 2350.1b 35.4a 31.1b 21.57ab 507b 101.8ab 10.85a 16.3b
el 7650.7b  2329.1b 33.4b 292d  20.36cd 474b 100c 102b  16.17cd
Salicylic Acid
M Jote 8084.8b 2360.1b 33b 30.3c 22.47a 530.4a 97.6b 9b 15.77bc
ethanol
LSD 678.61 89.52 1.74 0.66 1.07 36.85 211 0.75 0.46
sl oles
Harvest time
Seiglgried (S
Physiological 8215.9a ns 34.9a 29.1b 19.91b 465.8b ns ns ns
maturity
KPS (S
Technological 7595.9b ns 33.5b 31.7a 22.22a 503.1a ns ns ns
maturity
LSD 429.19 56.61 11 0.42 0.67 23.31
Jlo
Year
1¥a0-\Ya¥
2015-2016 ns 2415.33a ns ns ns 516.14a ns 10.44a ns
IYAF-ITR0
2016-2017 ns 2207.84b ns ns ns 452.73b ns 8.61b ns
LSD 62.21 31.12 0.84
900 a
= 800 b ¢ b
< 700 d
% £ 600
~ = 500
S .2 400
52> 300
O 200
100
0
pigeon manure methanol control salysilic Acid arman
S sy 3yShos 1 Al Jolne Sl dumm e —) S5
Figurel-Mean comparation of foliar application on oil yield of safflower
Cuwl COy cu Gl 3 LS,y giuiwsd culd s (5 9 43 9 Slas g a0
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(Mohammadi and Rokhzadi, 2012) cuwl oad jo)l55 ;o
2 Sl Sdgid Clle 5 (129) (i o e 5 e LS
(Movahhedy-Dehnavy et al., 2009) s 3555 il
S5 sl Sl g ite b $b Slse b B Jlone
Ol ¢ o il &S Jls y> «wusls (Taghizadeh et al., 2019)
Ayoubizadeh et al., ) ouS luass o8, ;0 dwl Sl
3l D1 guan bl opl b ol g gl & cusly (2018
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Introduction: The global approach to produce oilseed is sustainable agricultural system, and their management
practices such as the use of organic and biological fertilizers to enhance the quantitative and qualitative
performance of oilseed crops. Safflower (Carthamus tinctorius L.) a multipurpose plant and cultivate mainly due
to the high quality of its oil, and it belonged to the Asteraceae family. Foliar application of plant growth motivate
is an effective way of stimulate plant growth and yields. Harvesting date is one of the most important variables
of production. Sunflower oil content increased rapidly after 15 days and reached the highest level at 30 to 35
days after flowering. This study was performed to compare the effects of plant growth motivate foliar application
and harvest time on yield component and oil content and fatty acid composition of safflower.

Materials and Methods: A trial was conducted as a randomized complete block design with 10 treatments and
four replications in 2015-2016, and was repeated in 2016-2017. The treatments included: pigeon manure extract
(1:10), salicylic acid (1 mmol), methanol (2 g.I'), Arman (3 g.I"") and control (distilled water). Arman (Brand) is
a completely organic and nutritious compound for plants that is a mixture of several non-toxic elements. Plants
were harvested in two stages, when seed reached to the physiological and technological maturity. Evaluated
traits were including biological and seed yield, thousand seed weight, oil (percent and yield), protein (percent
and yield), and oil analysis. The statistical analysis of the design was done using SAS software version 9.4 and
the comparison of the means by LSD test at 5% probability.

Results and Discussion: The results of the analysis of variance showed that effect of foliar application on
biological and seed yield, 1000 seed weight, oil percentage and yield, protein percentage and yield were
significant at (p< 1%). The effect of harvesting time on biological yield, oil percentage, oil yield, protein
percentage and protein yield was significant at (p< 1%), and on 1000 seed weight at (p< 5%). Also the
interaction between foliar application and harvesting time was significant on the palmitic acid and stearic acid at
(p< 1%), and the effect of foliar application was significant on the linoleic acid at (p< 1%), and interaction of
foliar application and year was significant on the oleic acid at (p< 5%). The results of oil analysis showed that
all materials applied had a positive effect on the quality of safflower seed oil, so that foliar application with
pigeon manure extract caused 13% increase in the linoleic acid in second harvest amount compare to the control,
which was in a statistical group with Arman, and methanol. According to the results of the mean comparison the
highest biological yield, seed yield, thousand seed weight, oil percent and yield, belonged to applied to the foliar
application with pigeon manure extract. According to the mean comparison, the highest value of palmitic acid
and stearic acid was obtained from the control in the first harvest harvesting time (seeds physiological maturity).
Extract of pigeon manure increases the level of green vegetation, photosynthetic activity and plant heights,
which is an effective factor in increasing yield. Also, the highest biological yield, thousand seed weight belonged
to the first harvest time, and the highest oil (percent and yield), protein (percent and yield) belonged to the
second harvest time. The grain weight increases until the morphological maturity, but after that, the transfer of
the material to the seed is cut off and the internal composition of the grain becomes the material with a higher
recovery level, therefore, a slight decrease in the grain weight reasonable seems. The amount of oil usually
reaches a stable level at physiological maturity, and has a slight change up to the time of seed maturity, and the
observed differences are due to environmental factors, especially the temperature.

Conclusions: According to the results, spraying of pigeon manure extract, Arman, methanol, and salicylic acid
showed an increase of yield compared to the control in climatic conditions of Urmia. Foliar application improved
the yield components by increasing the yield of oil and protein. Finally, it can be stated that spraying with the
extract of pigeon manure had a more effective and efficient effect on the quality and quantity of safflower than
other treatments. The second harvest date preferable.

Keywords: Fatty acid, Harvest date, Qil yield, Pigeon manure extract
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Day to anthesis  Day to maturity  Grainfilling rate  Grain filling period  Maximum leaf area index
el 3 0.24 0.702 0.42 0.98 3.9%x
Replication
- 4 6 2.06** 35.36** 40.06** 23.87** 4.75%*
Gonbad Cultivar ' ' ' ' '
s
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CV (%) olys cops 0.4 0.6 10.1 3.2 18.8
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**and * are significant at 1% and 5% , respectively
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Table 2- Mean comparison morphological treats, grain growth characteristics and phenological levels wheat cultivars
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In each column, averages with common letters are not significant at 5% level.
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Table 3- Analysis of variance of yield and yield component wheat cultivars
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** and * are significant at 1% and 5% , respectively
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Table 4- Mean comparison yield and yield component wheat cultivars
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Table 5- Correlation coefficients between characteristics morphological, phenologhical and yield and vield component wheat cultivars

wlae

Characteristi 1 2 3 4 5 6 7 § 9 10 11 12 13
aracteristics
Sl opld b g
1
Sojdde 1d S b gy Y
558 Pk T gy 0.030%+ 1
2- Day to physiological maturity
et g5 ggager 1
3- Number of tillers per nr”
i ailb ol - F
N 0.388% -0.208 -0.131 1
4- Grain per spike
Lol adgd 2 asmlis s —b
o 0.497%* -0.371% 0.006 0.916+* 1
5- Spikelet per main spike
s sio 3 iy Sl —F
6 {; o 0.031 0.059 0.145 0.443%* 0.368%* 1
- Grain per o
il e il - ¥ R
7. Mezn mm\wighht.“ - 0.126 0.260%* 0.174 0.007 0.105 0.350%* 1
.G ield abagleh 0.128 0.264* -0.081 0.541* 0.462%* 0.784% 0.278* 1
- Grain yief
Kojdlac 3,8 A c o c - -
0- Biological vield S 0.379%= -0.251 0.116 0.544** 0.538%* 0.526* 0227 0.665* 1
9- Biological yiel
Catlg atli=te - -
10- Harvest index b 0.371%* 0.462%* -0.166 0.385+* 0.205% 0.709%* 0231 0.907%* 0.208* 1
S sl s W
1 LIW@;;1EI1[63 l‘ﬂdEX -0.262*% -0.277* 0.072 0.340%* 0.426%* 0.194 0.111 0.239 0224 0.205 1
iy g Jgb =Y N ~
12 Grain il S d 5 0.792%* 0.953%* -0.333* -0.028 -0.221 0.079 0.369%* 0.350%* -0.113 0407+ -0.262* 1
- Grain filling perio
o oyed ee =YW - - - -
e -0.262*% 0.231 0.079 0.569** 0.509%* 0.705%* 0.036 0.847* 0.75% 0.682% 0407+ -0.179 1

13- Grain ﬁlliu‘g rate

Lo B g do ) oy o I Jea cudga @ e
** and * are significant at 1% and 5% _ respectively
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Study of the Response of Rainfed Wheat (Triticum aestivum L.) Cultivars in
Semi-arid and Semi-humid Regions of Golestan Province
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Introduction: Wheat (Triticum aestivum L.) is one of the world's largest cultivated plants and one of the most
important aspects in wheat breeding is the stability of cultivars under various environmental conditions. The
stability of a product is, in fact, its ability to survive in a particular environment. In other words, a plant must be
able to tolerate cold, heat, shortage or excess water, changes in the length of the day, the intensity of light, and a
wide range of chemical and physical conditions of the soil.

Materials and Methods: In order to study the response of rainfed wheat cultivars in semi-arid and semi-humid
regions of Golestan province, an experiment was conducted at the research farm of Gonbad Kavous University
(semi-arid area) and a field in Gorgan (semi-humid area) based on the randomized complete block design with
four replications and with seven wheat cultivars (Aftab, Azar 2, Sardari, Qaboos, Karim, Koohdasht and Line
17) in 2015-2016. In this experiment, the phenological traits (days from planting to anthesis, physiological
maturity), morphological traits (grain filling period, grain filling rate, maximum leaf area index), yield and yield
components (number of tillers per square meter, grain per spike, spikelet per spike, grain per square meter, mean
grain weight, grain yield, biological yield and harvest index) of cultivars were evaluated in two regions. To
compare the means, LSD test was used at the 5% probability level. All analytical steps were performed in SAS
software version 9.4.

Results and Discussion: The results of analysis of variance showed that the effect of cultivar in Gonbad and
Gorgan regions on all traits except grain filling rate in Gorgan and number of tillers per m? in Gonbad-Kavous
was significant at 1% and 5% levels. The average period of examination in Gonbad-Kavous was 178 days and in
Gorgan 195 days after planting. In Gonbad-Kavous, Sardari cultivar (33 days) had the highest and Line 17 (27
days) had the least grain filling period. But in Gorgan, the Qaboos cultivar (41 days) was the highest and the
Koohdasht cultivar (38 days) had the least grain filling period. The results also showed that there was a
significant difference between the cultivars in both locations in terms of grain filling rate. In Gonbad-Kavous,
Azar 2 had the lowest grain filling rate (5.8 g.day.m™), and Line 17 had the highest grain filling rate (14.2
g.day.m™). But in Gorgan, Sardari cultivar had the lowest (5.5 g.day.m™) and Koohdasht cultivar had the highest
(14.37 g.day.m?) grain filling rate. Correlation coefficient between grain filling period and grain yield (r=
0.359**) and grain yield and grain filling rate (r= 0.847**) were positive and significant. Grain yield and harvest
index were higher in Gorgan than Gonbad-Kavous. In Gonbad-Kavous, there was no significant difference
between grain yield per unit area, biological yield per unit area and harvest index in most of the cultivars. In
Gorgan, there was a significant difference between cultivars for grain yield, but there was no significant
difference between biological yield and harvest index among more cultivars. In Gor%an, Koohdasht and Sardari
cultivars had the highest and lowest grain yield per unit area (564.2 and 218.3 g.m™) and harvest index (50.32
and 32.2%) respectively. There was a significant correlation between grain yield and harvest index (r= 0.907**)
and biological yield (r= 0.665**) in the level of 1%.
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Conclusions: In general, due to the fact that other than cultivars Sardari and Azar 2, which are special for cold
regions, other cultivars are compatible with tropical and semi-arid conditions. According to the climatic
conditions (rainfall and temperature), two regions of Gorgan and Gonbad-Kavous were observed during the
experimental period which were more in line with the tropical conditions. In most traits, there was a slight
difference between the cultivars. Different cultivars achieved high grain yield in Gonbad and Gorgan. In Gorgan
region, Koohdasht cultivar had a shorter time from planting to maturity and this cultivar had higher grain yield.
In Gonbad Kavoos region, although the Qaboos cultivar had no superiority in most traits than other cultivars, it
had the highest yield and shorter time from planting to maturity and harvest.

Keywords: Morphology, Phenology, Wheat, Yield and yield components
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Table 1- Some physical and chemical properties of field soil

Chemical properties

Physical properties

EC@S.m?) pH %N P (mgkgh
11 7.7 0.09 7.1

K (mg.kgh) 17% clay, 42% silt and 41% sand
296 Loam
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Table 2. Results of variance analysis effect of foliar application with jasmonic acid and ascorbic acid on some
physiological trait, biochemical traits, grain yield and oil yield of safflower genotypes under deficit irrigation

Ol po (2o
Mean square

O kS g @ cus Jd ol s it

Sk ol sl 4 - e mpledl 299 JS Jgid . 5,Slos
Source of variation JS ol il Wil ¥l Js &3 > Shos .

df ool IWH o Total T o595
Antioxidant Phenylalanine Total henol ~ Crainyield i
D : . p Oil yield
activity ammonia lyase  flavonoid

Rep. & 2 245.19 121.76 105.1 367.33 11037.97 3815.38
ot O 2 390.79** 1677.79" 99.87"  676.37 350746.004" 31979.66"
Water stress
Ea Lol olusl 4 18.79 5.65 1.34 4.5 21106.64 3234.55
Genotype s 2 722.27** 165.57™ 32.45™  376.847 821163.43"  112202.117
G o e 4 12.12™ 3.41 29.78 11456.11"  1221.95™
Water stress xGenotype
Eb _e,5 olzsl 12 12.18 3.46 0.79 2.81 13458.006 659.43
Sl 2 566.83" 57.2" 8422 13651 158694.01”  18898.04"
Foliar application

:.b h.»uj .n
iyl X ' 4 8.74™ 1.80™ 2.29™ 1.43® 1261861  2717.55™
Foliar applicationxGenotype
bt xS . .
Foliar xWater stress 4 41.31 0.58™ 4,75 2.59™ 14879.74™ 460.16™
application
g} b sl X gylnleS (25
Foliar xWater stress 8 3.6™ 2.21™ 1.68™ 1.96"™ 13545.76™ 1025.09™
Genotype xapplication
Eb )b e)b ol 36 2.5 1.36™ 1.12 1.35 12783.49 1194.49
CV (%) s o 5.1 6.6 12.8 4.7 75 8.6
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ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 3- Mean comparison of main effect of deficit irrigation and foliar application on some physiological trait, biochemical
traits, oil yield and grain yield of safflower genotypes

Culled
sl oYl S g Sy ‘
o Antioxidant SWligel h Totlal h Totlal Ma.:; . ‘}cs.’ 3“.
Treatment activity Phenylalanine gAeno_l (dmg g:no_l (dmg Grainyield  Oil yield
(Percent ammonia lyase (umol. -g7 dw) .gTdw)  (kg.ha) (kg.ha™)
inhibition of g FW. Min)
linoleic acid)
Water stress il s
el Sl 20,0 Ve ol e 66.77b 10.19¢ 6.16¢ 19.51¢ 160927a  430.03a
100% water requirement
Sl 18 20, V0 el e 82.98a 16.56b 8.31b 24.36b 1513.29a 404.48b
75% water requirement
el 18 20, 00 el e 93.69a 26.06a 10.19a 29.74a 1382.22¢ 335.14c
50% water requirement
Genotype g5
Faraman |8 71.80b 17.36b 8.33b 24.56b 1476.35b 401.59b
Local Isfahan  ldol e 65.62¢ 15.38¢c 7.17c 21.93c 1341.21c 333.03c
Sina (oo 75.13a 20.08a 9.18a 28.39a 1687.24a 462.18a
Foliar application sl Jslxe
sHldsbee o 65.86¢ 16.09¢ 6.31c 22.39¢ 1450.18¢ 368.92b
Without foliar application
Sigenly Aol b (b gl
Foliar app"cation with 73.77a 17.78b 8.83b 25.08b 1537.53b 412.07a
jasmonic acid
StpgSoal 3l il Joloce
73.93a 18.95a 9.53a 26.42a 1542.09a 416.66a

Foliar application with
ascorbic acid
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Means followed by the similar letters have not significant differences by Duncan test.
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Table 4- mean comparison of interaction of deficit irrigation and genotype on some physiological trait, biochemical traits, oil

yield and grain yield
Treatment  ,lo Trait ol
& g Wigel ¥l Jutd cullad JS agiglé Js Jgid
- v Phenylalanine ammonia lyase Total flavonoid (mg Total phenol (mg GA.

Irrigation Genotype (umol.g™* FW. Min) quercetin. Gr! dw) g!dw)
bl b sy Ven Sina L 11.38f 6.65e 20.94d
100% water Faraman )l 10.80f 6.59% 20.1d

requirement Local Isfahan il e 8.4g 5.25f 17.6e

el 55 s VO Sina L 20.28c 8.87c 28.79b
75% water Faraman Ll 16.07d 8.57¢c 24.23c
requirement Local Isfahan ;léw! oo 13.34e 7.51d 20.88d
ol b sy B Sina Ly 28.57a 12.07a 35.45a
50% water Faraman Ll 25.21b 9.77b 29.45b
requirement Local Isfahan ;ykéo! J=e 24.4b 8.74c 24.33c
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Means followed by the similar letters have not significant differences by Duncan test.
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Table 5- Mean comparison of interaction of deficit irrigation and foliar application on some biochemical traits

Treatment slowd Trait Olee
S\ VU1 ] GO | PY " c s
Lo SLJ O (o S g5 Jgd Total J5 anigighd
| S F I.“M ibm ,?Stlomda'nthgtc)yylty Total phenol (mg flavonoid (mg
rrigation olier application ercent inhibition &) |
of linoleic acid) GA. gr- dw) quercetin. g~ dw)
e e 54.68f 17589 5.24f
Without foliar application
bl i 2o V- Sl el b b 69.38¢ 20.83f 7.01d
100%water requirement  Foliar application with ascorbic acid
Sl sl gl 78.78¢ 20.14f 6.23¢
Foliar application with jasmonic acid
b g 76.49d 22.60¢ 6.16¢
Without foliar application
el 15 20,0 V0  Sapgteldll i gbee 86.14a 26.73c 9.86b
75%water requirement Foliar application with ascorbic acid
Syl b s 84.23b 24.56d 8.92¢
Foliar application with jasmonic acid
b ogn 78.57c 27.06¢ 7.53d
Without foliar application
bl 5L M}_’ . _ Lgﬁ-é)?gwl_v\wl l’Lr“’L'J}l’“ ) 86.85a 31.69a 11.73a
50% water requirement Foliar application with ascorbic acid
gl el b (23 Jslee 84.70D 30.54b 11.32a

Foliar application with jasmonic acid

5105 ) ime ©glds doy> g Jleis] pdaws j3 (SSI ygei] bl diaas S pndie Cgys (s &S e b cla pSSle
Means followed by the similar letters have not significant differences by Duncan test.
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Introduction

Safflower is an annual plant native to the Mediterranean countries and cultivated in Europe and U.S.
Safflower petals are very important as a source of medicinal preparations, natural food color and dyes for
coloring fabrics. Water deficit stress severely limits crop growth especially in arid and semiarid regions of the
world as it affects all stages of plant growth and development. Exposure to environmental stresses such as
drought stress, heat stress, cold stress, salt stress and plant diseases often leads to the production of reactive
oxygen species and other toxic compounds that diminish a plant’s performance. Reactive oxygen species (ROS)
are highly toxic to plant cells and in an absence of any protective mechanism they can react with proteins, lipids
and DNA and this can inactivate an antioxidant defense system. Plants have an elaborate system of enzymatic
and non-enzymatic scavenging pathways or detoxification systems that working together function as an
extremely efficient system to counter the deleterious effects of ROS. Higher plants have active oxygen-
scavenging systems consisting of several antioxidant enzymes, and some low molecules of non-enzyme
antioxidants, such as phenolic compounds, flavonoids, anthocyanins and ascorbic acid. Water deficit is
considered to be a major abiotic factor affecting many aspects of plant physiology and biochemistry causing a
significant reduction in agricultural production and changes its behavior regarding the biosynthesis of bioactive
compounds such as phenolic compounds, flavonoids and anthocyanins in safflower. Ascorbic Acid is a major
metabolite in plants. It is an antioxidant, in association with other components of the antioxidant system, protects
plants against oxidative damage resulting from aerobic metabolism. Jasmonic acid (JA) is a plant-signaling
molecule that shows a wide range of plant responses, with effects at the morphological to molecular levels.
Many morphological, physiological, and biochemical processes occurring within the plants can be regulated by
jasmonic acid. Previous studies have documented that foliar application of JA and ascorbic acid could modulate
plant physiological responses towards abiotic stress tolerance. Considering the importance of safflower plant in
terms of quantity and quality of oil, and its various applications in the oil, dyeing and pharmaceutical industries
in the semi-arid regions of the world, it seems that increasing yield per unit area in low-irrigated conditions is a
good way to increase the production of this plant and improve the economic conditions of farmers. Compared to
breeding methods that are often long-term and costly, some agricultural management practices, such as the use
of chemicals like ascorbic acid, jasmine acid and other compounds, are easier, cheaper and faster. Therefore, the
aim of this study was to determine the effects of jasmonic acid and ascorbic acid on grain yield and Changes in
antioxidant compounds of safflower genotypes under drought stress conditions.

Materials and Methods

This experiment was carried out as a split-split plot in a completely randomized block design with three
replications at Shahrekord University Agricultural Research Station during spring planting season 2017. The
main plots consisted of three levels of irrigation of 100%, 75% and 50% of the plant's water requirement of
safflower and sub-plots including safflower genotypes including Sinai, Isfahan local and Faramanand sub-sub
sub-plots including foliar application with three levels including ( control, foliar application of jasmonic acid
with 0.5mM concentration and foliar application of ascorbic acid with 20 mM concentration. In this study, the
amount of total flavonoid, total phenol, antioxidant activity, ammonialase enzyme activity, grain yield and oil
yield were measured.

Results and Discussion

The results showed that simple effects of low irrigation treatment, genotype and foliar application were
significantly in all traits studied in this study. The highest grain yield (1609 kg.ha™) and oil yield (430 kg.ha™)
obtained in 100% of the plant's water requirement and the least of grain yield (1382 kg.hal) and oil yield (335
kg.ha) obtained in 50% of the plant's water requirement. The interaction of genotype x deficit irrigation
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treatments on total phenol content, total flavonoid content, phenylalanine ammonialase enzyme activity and oil
yield as well as interaction of low irrigation treatment x foliar application on the amount of antioxidant activity,
total phenol total flavonoid content were significant. The results show that the highest total phenol content (35.4
mg GA. g DW), total flavonoid content (12.1 mg quercetin .g" DW), phenylalanine ammonialase enzyme
activity (28.6 pmol.g “FW. min) obtained in interaction 50% of the plant's water requirement and sina genotype
and the least amount oftotal phenol content (17.6 mg GA. g DW) total flavonoid content (5.2mg quercetin . g°
'DW), phenylalanine ammonialase enzyme activity (8.4 pmol.g “FW. min ) obtained in interaction 100% of the
plant's water requirement and Isfahan genotype. Foliar application with jasmonic acid and ascorbic acid
increased antioxidant activity, total phenol, total flavonoid, phenylalanine ammonialase enzyme activity, oil
yield and grain yield. So that the highest amount of antioxidant activity (85. 9 % inhibition of linoleic acid), total
phenol (31.7 mg GA. g DW) and total flavonoid (11.7 mg quercetin . g DW) related to 50% of the plant's
water requirement and foliar application with ascorbic acid and the least amount of antioxidant activity (54.7
antioxidant activity), total phenol (17.6 mg GA. g*DW) and total flavonoid (5.2 mg quercetin . g DW) related
to 100% of the plant's water requirement and without foliar application.

Conclusions

Results indicated that deficit irrigation stress could increase antioxidant activity, Phenylalanine ammonia
lyase (PAL) activity, Total phenol, total flavonoid and anthocyanin content in safflower genotype but, grain
yield decreased. The increase in tolerance to drought in sina genotype is associated with antioxidant enzyme and
non-enzyme activity. Also foliar application of jasmonic acid and ascorbic acid increase antioxidant activity,
Phenylalanine ammonia lyase (PAL) activity, Total phenol, Total flavonoid, anthocyanin content and grain yield.
According to these results, it may be suggested that increased activity of antioxidant enzymes and non-enzymes
can reduce the harmful effects of reactive oxygen species and improve plant drought tolerance, therefore
antioxidant enzymes and non-enzymes can be taken as indices of drought tolerance in plants.

Keywords: Anthocyanin, Flavonoid, Phenol, Phenylalanine ammonialase
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Table 1- Physical and chemical properties of soil used in pots

H EC Mineral N Total N P K oC OM TNV
P (@dsm?)  (mgkg?) %) (mgkgh) (mokgh) (%) (%) (%)
Result test
T i 8.19 1.42 28 0.2 150 900 3.31 571 13.25
09")‘4?%
Optimal amount of
agricultural soil 6.5-7.5 <2 50 0.15-0.25 15 180-250 >15% 26-5 <10
Sand Silt  Clay . CEC
(%) (%) (%) Soil texture (Cmor_kg»l)
7096 1856 10.48 Sandy loam 16.66
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Voo slod g5 Ol plos o el G Gte 4 Jools Jglomo
Sly Bl bl sl e b 0l 5 S e 4y
595 ko ¥ 5 455 15 S st 31 5 ulef] sladly
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RWC = X 100 (v)
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1- Membrane stability index
2- Electric Conductivity
3- Relative water content
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D9y 4 b Sile duslie L 9 15 plosl Mstatc 5 Minitab

el Moy iy (o)l gize daw ;> LSD
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Table 2- Analysis of variance of landrace, salinity and herbivory stresses on some morphological traits of different Landrace

of Savory
Olayo (il
MS
a > Sldpreiged Jgl al> 5o Sy12 piged @gd Al 56
Oyt 2alio ’ ® The first step of sampling The second step of sampling
SOV ‘-‘;f) o s Slass s Slass
.. pISET) . PISET)
gw,) ey £us,! ” ey
. Leaves . . Leaves .
Height no. Branches Height no. Branches
no. no.
=4 4 2853817 40.706™ 2.984™ 488.732"  233.968™ 26.041"
Landrace
a9 3 67.508™ 1.264™ 0.824™ 398.780"  253.037" 14.740™
Salinity
oz . 12 68.674"  14.955™ 1.410™ 153.223™  91.668™ 6.713"
Landrace  Salinity
w55y 2 252.008™  187.517" 15.001° 3022.234” 1463.018™  133.597™
Herbivory
Lﬁ‘l)‘tjﬁ’fléb.\jf ke > ok ok ok ok
) 8 26.255 13.168 0.728 192.292 85.066 11.689
Landrace = Herbivory
1355 a2 g g8 sx x x - . x

i mnnd 6 13.096 5.494 0.535 2121217 76.656 9.912
Salinity = Herbivory
SRR3R0 24 34.845 5.108 0.827 90.244 43524 3.252
Herbivory Salinitys Landrace
s 120 1.016 0.235 0.098 1.633 0.860 0.060
Error
.y 8.9 11.6 21.3 10.4 11.6 9.9

i L) g 70 polaw )3 (65 e 5 (613 xe pae ud A gt b 3 g T NS
ns, * and **: Non significant and significant at 5 and 1 % probability levels, respectively.
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Jolye 3 olS s g snian lis Wlgh o cllas oyl aS” il
dge il > A (698 Ml (5yed S5 ST 50l ads
4 00 oLS WDy aBgy (Francois, 1994) 5o o cel |y (630!
by @ Bl pas 5 g S ol Jily (g o5 e
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Table 3- Effects of landrace, salinity and herbivory stresses on some morphological traits of different Landrace of Savory in
two step of sampling

Sldyraiged Jgl als yo Sl yiaiged @gd dl> 50
The first step of sampling The second step of sampling
Lows low ol Sy d ol S o 2l ol
FISEY) FISEY)
s T £l 7 pobleil gl 7 15 St
Treatment Levels ] &g ] Qg y

Height > &g Height - &gy

no. Branches no. Branches

no. no.

Kalat M 12.282™ 4.355° 1.620° 11.842° 8.943" 3.123°
Isfahan il 13.403° 4.829° 1.574%® 6.153" 4.188" 1.167¢
o358 Hamadan ;i 11.840° 4.722%* 1.694% 14.761° 10.954 ° 3.218?
Landrace Dargaz 5, 12.412" 4.583° 1.472° 15.148° 8.954" 2.753"
Mashhad g 6.319¢ 2.278¢ 0.972° 13.764° 7.028° 2.111°
LSD 0.470 0.226 0.146 0.596 0.433 0.114
0 12.048° 4317° 1.619° 16.616° 11.106° 3.173°
Sy 3 10.767" 3.996" 1.322° 12.074° 8.633" 2.706"
Salinity 6 9.757¢ 4.022° 1.389° 10.528° 6.044° 1.944°
(dsm?) 9 12.433° 4.278° 1.537° 10.116° 6.269° 2.074°
LSD 0.421 0.202 0.131 0.533 0.387 0.102
bics 0 13.279° 6.105 1.967° 19.584° 12.959°7 3.959°
oI 25 11.294° 3.697° 1.467° 12.017° 7.997° 2.489"
Herbivory P Arac gt e ‘naac "g7ee
; 50 9.181 2.658 0.967 5.400 3.083 0.975
() LSD 0.364 0.175 0.113 0.462 0.335 0.088

)5 00 p3 B Jletn] o 53 (6l gime @9l (gylol a5l gt ya yd S yndie gy (gl ola Sl
Means with the same letters in each column are not significantly different in 5% probability level.
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Seghatoleslami, 2010; Saadatian et al., 2012; Khalili et )

5b calles (al., 2014
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Table 4- Analysis of variance of landrace, salinity and herbivory stresses on the fresh and dry weight of different organs of

Savory
MS Olas o (uilo
s aslie )l — T - ..
Ol &2 ol shyFok Sl S0 SRF0 s Wl RS Gl Sy oSS o
S.0V Root Stem Leaf
df fresh fresh fresh Roqt dry Stel.n dry Leaf dry
weight weight weight weight weight weight
Landrace osg 4 0.00025™  0.030™ 0.035™ 0.000™ 0.002000™  0.00075™
Salinity s 3 0.00030”  0.016™ 0.005™ 0.000™ 0.001000™ 0.00000™
Soyrkedy - 12 0.00080™ 0.007™ 0.005™ 0.000™ 0.000333™ 0.00008™
Landrace = Salinity
@'”“_fﬁ 2 0.00050™ 0.055™ 0.054™ 0.000™ 0.002000™ 0.00100™
Herbivory
&ijtjﬁiiiobﬁ o o o o o ok
. 8 0.00000 0.006 0.007 0.000 0.000125 0.00000
Landrace = Herbivory
1555yt g yguis x o o ox o ox
ST REES 6 0.00016 0.016 0.011 0.000 0.000500 0.00017
Salinitys Herbivory
1555 o g yquiod g x o o ox o o
SR HES g . 24 0.00012 0.007 0.005 0.000 0.000167 0.00012
Landrace  Salinity = Herbivory
Error s 120 0.00000 0.000 0.000 0.000 0.000008 0.00000
TCV s gy - 13.2 12.1 12.7 114 224 12.6

e 1 370 s 53 s 3 faisine pé iy NS
ns, * and **: Non significant and significant at 5 and 1 % probability levels, respectively.
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Table 5- Effects of landrace, salinity and herbivory stresses on the fresh and dry weight of root, stem and leaf of Savory

o 5 Aok o S SEpg SR g
e o Tt Ro»o)t)ere‘-;ﬁ 4l Léf?r:sﬁ adyy 4l Sy
Treatment Levels weight (g)  Stemfresh  eight(q)  Rootdry Stem dry Leaf dry
weight (g) weight (g) weight (g) weight (g)
Kalat &M 0.007? 0.0872 0.087? 0.003? 0.022° 0.013?
Isfahan kol 0.003¢ 0.061° 0.040° 0.002° 0.011° 0.004°
035 Hamadan _Jues 0.006" 0.051° 0.059° 0.003° 0.010° 0.007°
Landrace Dargaz 55, 0.004° 0.048¢ 0.034¢ 0.001" 0.012° 0.007°
Mashhad .z 0.001° 0.007° 0.003° 0.001° 0.001¢ 0.001¢
LSD 0.0005 0.0005 0.0007 0.0007 0.0013 0.0018
0.007° 0.075° 0.060° 0.003% 0.018° 0.009°
s 0.003° 0.054° 0.046° 0.002° 0.009° 0.006°
Salinity 6 0.002° 0.030¢ 0.037° 0.001° 0.009° 0.005°
(dsm™) 9 0.004° 0.044° 0.036¢ 0.001° 0.008° 0.006°
LSD 0.0006 0.0004 0.0007 0.0006 0.0012 0.0004
0 0.005° 0.082? 0.076° 0.002? 0.016° 0.010°
5 25 0.005? 0.048° 0.041° 0.003? 0.011° 0.006°
Herbivory b c . b c c
) 50 0.002 0.022 0.017 0.001 0.005 0.003
LSD 0.0005 0.0004 0.0005 0.0004 0.0010 0.0007

)5 0 p3 B Jloin] a3 ()b gixe olds (el (a5l gt b 43 S ytidie g (gl (sla Sl
Means with the same letters in each column are not significantly different in 5% probability level.
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(Nerium S 4 (Cynara scolymus L.) S8 jale
g il yhals o)y (Sjailes Ce g pisred .l Oleander)
SslS g KIS ol 9 & s 00 il Al AD jasede
b Ohlen g (o Gmen il Fiplas (69 4 Cus
A3 a5y olS Sid g 5 iy Rl ald s lagwp
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Table 6- Analysis of variance of landrace, salinity and herbivory stresses on some biochemical traits of Savory

©la e nbe

55 ol a0 MS

S0V @il e ol b ceps oo S yiuigt S
df Sy shis Prolinle Carbohyd Eate
RWC% MSI1% (mg.g™) (Umol.g™)

OLJ:ﬁdrace 4 11259.844” 3.996™ 4271.110™ 401.693"
ggﬁfmy 3 1293.364™ 4.414™ 2501.544™ 186.539"
e Salinity 12 35647917 14727 2120.811" 188.160"
ﬁ;)bi/’;ry 2 10155.465 6.022" 7337.590" 687.979"
2038 podgs o - - -
Landrace = Herbivory 8 2369.810 0.618 923.333 81.439

1355 o W ox - . *x
“;,:,)inif;dﬁzrbivory 6 4343.943 0.490 1543.976 162.205
S pasipiens 1102.583" 0.500" 914.826™ 91.855™
Herbivory = Salinity= Landrace ' ' ' '
u;’ror 120 3.297 0.005 0.212 0.051
VC"\"/”" e 5.130 11.830 2.180 3.480

5 1) 570 g 3 3 gaa 5 s pé ey 'y " S
ns, * and **: Non significant and significant at 5 and 1 % probability levels, respectively.
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Table 7- Effects of Landrace, Salinity and Herbivory stresses on some biochemical traits of Savory

o Mg Spmiolgle  iboboe Ol ShitaS
roline aroonydrate
Treatment Levels RWC % MSI % , R
° ° (mg.g™) (umol.g™)

Kalat &y 56.104% 0.379° 25.996° 7.739°

Isfahan ;g 26.345° 0.184° 5.443° 1.946°

039 Hamadan )se» 31.833° 1.017° 16.608" 4.762°
Landrace Dargaz 55, 50.065° 0.806" 23.153° 6.983°

Mashhad g 12.758° 0.681° 34.556° 10.872°

LSD 0.847 0.33 0.215 0.105

0 41.428° 0.952° 17.395° 6.397°

s 3 37.826" 0.783° 26.310° 6.602°
salinity 6 29.096¢ 0.467° 28.358° 8.912°
(dsm™) 9 33.335° 0.253¢ 12.542¢ 3.931¢
LSD 0.758 0.029 0.192 0.094

] 0 48.102° 0.869% 29.325° 8.996°
Hﬁ;’.iﬁ 25 36.057" 0.713" 25561 7.770°

1Y

o Y 50 22.105° 0.259° 8.568° 2.615°
LSD 0.656 0.026 0.166 0.082

)5 03 B Jlets] a3 (6l gixe gl (glel (a3 5l gt b yd S yniie g ()b slauSibe
Means with the same letters in each column are not significantly different in 5% probability level.
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Introduction: Environmental stresses are the most important factor in reducing the yield of agricultural products
worldwide. Salinity and defoliation stresses are the most important environmental stresses that affect the
properties and production of plants. Salinity stress is also considered as a hyperionic stress and is a major abiotic
stress limiting growth and productivity of plants in many areas of the world due to increasing use of poor quality
of water for irrigation and soil salinization and defoliation stress is removing leaves from plant or area of land for
agricultural purposes that reduces plant fitness. Savory is a medicine herb which its scientific name is Satureja
hortensis and is native to the eastern mediterranean and southwestern Asia (Iran). savory is from the Labatiae
family, which runs through the months of July to september in Iran. It has soft and rectangular leaves and almost
petiolate and narrow and have a lot of essential glandular fibers. Winter savory is Satureja montana and summer
savory is Satureja hortensis that are two important species of savory and it has pink to blue-white flowers that
attract honey bees. Savory has properties treats nerve pain, increases blood coagulation factors, decreases fat and
weight.

Materials and Methods: To determine the resistance of the savory landraces in this study to salinity and
defoliation stresses and planning for breeding programs in the future, a factorial experiment randomized
complete design was carried out with three replications in greenhouse conditions in Payame Noor University of
Mashhad, in 2017 and 2018. Treatments consisted of four levels of salinity (0, 3, 6 and 9 dS.m™), three levels of
defoliation stress (0, 25 and 50%) and five savory landrace (Kalat, Isfahan, Hamedan, Dargaz, and Mashhad).
The traits of this project contained height, number of leaves, number of branches, fresh, dry weight of root, stem
and leaf, leaf relative water content, membrane constant coefficient, proline and carbohydrate. Salinity and
defoliation stress was applied to the plant after 8-leaf level. Statistical analysis of these data was done using
Minitab and MSTAT-C software and then comparison of the meanings by LSD method was done at a significant
level of 5%.

Results and Discussion: The results of this study indicated that defoliation stress has significant effect on all
traits of savory measured landraces and the maximum and minimum values of these traits were observed zero
and 50 % at defoliation level. So the values of the morphological traits and fresh and dry weight of savory organs
were decreased by increasing the salinity levels. Also the content of proline and soluble sugars were increased by
salinity stress. According to research of Santa Maria et al. (2001), proline is a low molecular weight protective
metabolite that increases resistance and prevents damage from salt stress. Prado et al. (2000) also considered
carbohydrate increase as a way to reduce the effects of osmotic and ionic stress and, ultimately, adapt plants to
these conditions. According to Greenwich and Mon (1980), due to the salinity stress, the growth of the Sorghum
plant is stopped due to low water potential, ionic toxicity and excretion imbalance by salinity, which in our study
also reduced the morphological traits by increasing salinity and defoliation stress levels.

Conclusions: According to the results, Kalat and Hamedan landraces were superior to various levels of salinity
and defoliation stress for morphological traits and fresh and dry weight of different Satureja organs. The
maximum amounts of proline and carbohydrate were observed in Mashhad landrace, Due to these two traits,
Mashhad landrace is known as a salt-resistant landrace. The maximum value of membrane constant coefficient
was observed in Hamedan landrace. The highest value of leaf relative water content was observed in Kalat
landrace.

Keywords: Carbohydrate, Leaf relative water, Mashhad, Membrane constant coefficient, Proline
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Table 3- Analysis of variance of measured traits
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Figure 1- Interaction of sowing date and foliar application on number of grains per spike of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Figure 2- Interaction of sowing date and foliar application on 1000-grain weight of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Figure 3- Interaction of cultivar and foliar application on number of spikelets per spike of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Figure 4- Interaction of sowing date and foliar application on grain yield of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)

BChamran m@star

8 a
-Gl
= 6
=
25 C < c
e 4
o .2
223
465 2
3 0O
= 1
0
Control Selenium Calcium chloride
b gkone

Foliar application
AXS Al 5 Slos g ol Jokone g oy iiSoR i -0 S
)5 Sl geT bl pr o3 B Jleis] e 53 (I dme BB S e By b slacySilie

Figure 5- Interaction of cultivar and foliar application on grain yield of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Figure 6- Interaction of sowing date and foliar application on grain filling duration of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Figure 7- Interaction of sowing date and foliar application on biologic yield of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Figure 8- Interaction of sowing date and foliar application on harvest index of wheat
The means with the same letter are not significantly different by Duncan test (p<0.05)
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Study of the Effect of Calcium Chloride and Selenium on High Temperature
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Introduction: The negative effects of heat stress on plants are seriously problems, which often cause damage to
crops throughout the world. High temperature driven degradation of chlorophyll reduces photosynthetic
capacity. Moreover, impaired transport of photosynthate (carbohydrate mobilization) from green organs (source)
to anther tissues (sink) leads to high pollen mortality and thereby decreases grain yield. In environmental stress,
plant tolerance should be increased. Therefore some chemical compounds are used to improve the metabolic
activity of the plant, which calcium chloride is one of them. For this purpose, the present experiment was
conducted to investigate the effect of calcium chloride and selenium foliar application on reducing the effects of
heat stress on yield and yield components of two wheat cultivars.

Materials and Methods: This experiment was carried out as a split factorial experiment based on a randomized
complete block design with three replications at the experimental farm of Shahid Chamran University of Ahvaz
during growing season 2017-2018. Three factors were investigated in this experiment. First factor including
three planting dates (Nov 11, Dec 11, and Jan 10) was allocated in main plot. The second factor was three
solution types ( foliar application of tap water (control), foliar application of selenium (4 mg L™), and foliar
application of calcium chloride (10 mM) and third factor was two wheat cultivars (Chamran and Star) which
were assigned in sub plots.

Results and Discussion: According to the results of third planting date, the highest number of grains per spike
(36) was obtained in the foliar application of calcium chloride and the least number of seeds per spike (25) was
observed in control and selenium foliar application treatments. In calcium chloride foliar application in third
planting date, the number of grains per spike decreased by 12% compared to the first planting date but in the
control and selenium foliar application treatments, the number of grains per spike decreased by 36%. In the third
planting date, the difference between treatments was more evident in grain yield. So, in this planting date, the
decrease in grain yield compared to the first planting date was 49.3% and 49.9% in the control and selenium
foliar application treatments, while in calcium chloride foliar application, yield reduction was 23.8%. In all three
planting dates, when calcium chloride was used as foliar application, the grain filling duration was longer than
treatments of control and selenium foliar application. Grain filling duration was prolonged when calcium
chloride applied. This could be one of the most important factors that resulted in lower 1000 grain weight and
grain yield than the other treatments. While in this condition, there is sufficient time to carry out photosynthesis
and transfer the material to the filling grains. Finally, it can be concluded that the calcium chloride application
can have a significant effect on reduction the effects of last season's heat stress on wheat by reducing the
negative effects of heat stress during pollination, increasing the grain filling period and 1000 grain weight. The
number of smaller seeds per spike indicates the effect of heat stress on the plant and reduced fertility of the seeds
due to lack of proper inoculation and lack of sufficient photosynthetic material and the competition between the
seeds for absorption of food. Increasing yield in calcium chloride treated plants can be due to better
photosynthetic activity in these conditions. Because the use of calcium chloride increases the efficiency of the
photosystem Il and ultimately improves the function of photosynthesis.

Conclusions: Calcium chloride may increase the 1000 grain weight by improving the transfer of photosynthetic
products from leaves to seeds as physiological reservoirs, as well as increased grain filling duration. Therefore, it
can be concluded that the calcium chloride application can have a significant effect on reducing the effects of
last-season heat stress on wheat by reducing the negative effects of heat stress during pollination, increasing the
grain filling duration and 1000 grain weight.

Keywords: Calcium chloride, Grain yield, Number of grains per spike, Planting date, Selenium
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6- 3 leaves unfolded
7- Beginning of tillering: first tiller detectable
8- Panicle formation: panicle 1-2 mm in length
9- End of panicle emergence: neck node level with the
flag leaf auricle, anthers not yet visible
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Table 1- Physical and chemical properties of soil before planting

Soil characteristics S Oluwgas Unit  aslg 1YaY-4y (2013-14) yYay-4€ (2014-15)
Soil depth S ges cm 0-30 0-30
Electrical conductivity S, xSl cylun ds.m* 0.43 0.34
pPH glasl J5/S1E an il - 7.72 6.94
Organic matter Ji osle % 191 2.85
Organic carbon i op)8 % 1.11 1.65
TNV ox4s 255 lge do > % 15 2.5
N total s ol % 0.11 0.16
Available P Cis LB jaud ppm 42 36
Available K Cis LB pelsy ppm 213 181
Sand 5 % 42 32
Silt Y % 30 39
Clay ., % 28 29
Soil texture S cél - C.LL CL.L
T iy 895 Job 45 (yiulejl Jome (owliniled (glaosls Y Joua
Table 2- Meteorological data of the site during the rice growth period
Jlw sole D958 Cubgmdyl by » 31350 29279
Months of the year April May June July August September
) AT 11 14.0 195 226 222 23.1
Jsls 2013-14
Minimum - VAr-a¥ 8.9 16.4 207 236 239 238
2014-15
e T 203 25.2 295 317 303 30.4
Average )S‘b 2013-14
tempsrature Maximum ray-ay 203 275 308 301 345 329
(°C) 2014-15
j AR T- 19.6 245 272 26.2 26.7
Sk 2013-14
Average WY 146 21.9 258 278 29.2 28.3
2014-15
yray-ay
18.2 58.8 7.6 4.8 49.8 26.3
; e‘{‘; A 2013-14
recipitation tota -
(mm) AT 807 6.2 609  17.0 18 10.4
2014-15
yray-ay
; 8] e 147.4 252.6 243.3 259.6 136.8 158.6
slale 3] lelo ggomme 2013-14
Total sunny hours monthly FAY_AF
(hour) 2014-15 208.9 211.7 244.3 196.2 280.3 192.3
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Table 3- Analysis of variance of some of the traits of rice under experimental treatments

s Gy ) s I o 2 ey Gy o i A iy S a3 b s
il il : :.-‘ Plant height Panicle length Fertile tiller in bushes ~ Number of Panicle / Sq. M Number of spikelets filled Weigh 1000 seeds
5.0V J;r-‘ Al Gl el b il ey N sl PN s b ey
Hashemi  Koohsar  Hashemi Koohsar Hashemi  Koohsar Hashemi Koohsar Hashemi Koohsar Hashemi  Koohsar
%L;ar 1 270853%F  83831**  63.62%*  27.05%%  259.56%F  139.60**  192461.05%*  89062.63** 47523 H454.77%* 15.63* 16.60*
e “’? 4 3125 56.34 0.83 1.79 467 14.66 277355 8364.97 3140 23147 134 0.72
Repeat in year
[N g1
';1)’ . 2 173.32% §7.82ns 4.90% 7.81%* 277.79%%  33791%*F  190117.87**  214582.11%*  485.67** 1546.87%* 0.41ns 54708
Planting density
Bl JLJ i 2 131ns 32.52ns 2.08ns 0.60ns 6.38ns 12.26ns 16892.81* 16529.19* 16.93ns 4583208 0.02ns 2028
Year * Planting demsity
"Emr-ror 5 2263 60.25 1.03 0.83 402 297 291205 2265.48 .79 13820 192 1.58
o b - 4 64.03%%  134.63%F 402 0.88ns 6.11ns 13.11* 3723.97** 7204 48% 92.59ns 19.03ms 3.10%* 0.2605
Nitrogen splitting
aisi m o . 4 28.69** 36.12n8 0.16ns 2.08ns 4.24n8 1.00ns 226727ns 5025508 29.75ns 95.93ms 1.20ns 322ms
Year * Nitrogen splitting
g s 0 238 oSy .8 1787 749 13l 087 178k ST S044ms 253237 8810°  2M5Tas 123 450
Planting density * Nitrogen splitting
i s w el Sl e L
Year * Planting density * Nitrogen 8 11.98ns 9.16ms 0.23n8 0.70ns 2558 3.04n8 1315.87ns 1899 36ns 52.50ns 1453908 0.54ns 243ms
splitting
“_S'” L 48 742 16.88 0.91 091 3.58 442 994.01 227932 361 120.04 0.64 241
Compound error
() eyt a5 ) 5
Coefficient of variation (%) 18 39 32 334 10.5 11.8 74 11.40 8.2 175 33 52
Ao s g ooy K Jlazsl poba 3 gl as gly fro i LoF iy @ e S
ns, **_ *: pon-statistically significant and sigmificant at 1% and 5%, respectively
ialojl lalesd o @ (o) Olhe (S (Sike anglBa—€ Jgas
Table 4- Comparison of average of some traits of rice under experimental treatments
e s gk segime s pmee T e
. Plant height (cm) Panicle length (cm) ertrle tuer “vumber o ~umber of sprkelets -Grains weigh
Experimental factors in hill Panicle / Sq. M filled (2
Leadila Jowryy cemaila ey ool Jless Leila Jlgs’ Leaile Iy Lol Jlgs
Hashemi  Koohsar  Hashemi  Koohsar  Hashemi Koohsar Hashemi  Koohsar  Hash Koohsar  Hashemi  Koohsar
J
Year
YYAT-47 - 2013-14 143.2b 100.2b 29.00b 17.29b 19.77a 19.06a 473.6a 4504a 70.73b 69.60a 23.89b 29.48b
WWAY-AF - 2014-15 154.2a 106.3a 30.65a 18.39a 16.37b 16.57b 381.1b 387.5b 7532a 55.53b 24.73a 30.34a
CullE 1815
Planting density (Plants /Sq. M)
Ve -16 151.3a - 30.24a 18.41a 21.33a 21.67a 343.6c 343 8c 77.66a 70.80a - 30.25a
Yo-25 146.6b - 29.44b 17.68b 17.5Tb 16.22b 436.2b 402 4b 70.40b 59.32b - 30.04ab
YT -333 148.1b - 29.73ab 17.43b 15.31c 15.56b 502.1a 510.5a 71.02b 57.59b - 29.43b
Ol bmedt
Nitrogen splitting
S 148.7b 104 4ab 29.49b - 17.82ab 16.84b 416.5bc 391.6b 73.78ab - 24 20bc -
S, 149 1ab 106.5a 29.39b - 17.36b 17.93ab 408.6¢c 418 6ab 73 36ab - 2391c -
S3 149 2ab 102.6b 3027a - 18.93a 17.62b 443 8a 421 4ab 72 68ab - 24.87a -
Sy 150.8a 103.6b 30.37a - 17.97ab 19.17a 4353ab 447.8a 75.77a - 23.96c -
Ss 145.6¢ 99.11c 29.50b - 18.26ab 17.54b 432.4ab 415.1ab 69.53b - 24.61ab -

il i d et e o Sl ae T Lll b Cme ST el et 38 e g L alisl

Lls”

- 35

NS

Means followed by the same letter are not sigmficantly different at the 0.05 level using Dunkan's test.

clesl als o 0 7o B3 maasmy dlinlals o o e + L L elS clilals s 27000 Sl bocsls lindals o 3 (MVee) Ll s Sy

dloga 2 UYTINY £ msamn ol dee o

50% Be;gmmug of till.m.n.g, S5 50% Ar-tile begiming of planting + 50% Pamcle formation. Sy 33.33% At the beginmng of

planting + 33 33% Beginmng of tillering + 33.33% Pamicle formation and S5 33.33% At the beginming of planting + 33.33% Panicle formation+ 33.33% End of pamicle emergence.
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Table 5- Comparison of mean interactions between agents on some traits of rice

Cr e p A g e p g Sl

s - . 0 i EIEYY)
Jle S WSl (i) (sLwss) i S5 s Up g L
Year Planting q“““(" Number of Number of PIﬂnthé T (eoile) 7 drdig>
(Plants/Sq. M) Panicle/Sq. M Panicle/Sq. M densitv Oie Plant (oaila)
(Hashemi) (Koohsar) (P]anfs Nitrogen height Number of
16 Sq. M. 369.4d 367d /Sq. M) splitting (cm) spikelets filled
2013-14 255q. M 477b 415 6be (Hashemi) (Hashemi)
3338q M 5743a 568.5a
16 Sq. M. 3179 320.6e sl 154.5a 78.29a-c
2014-15 258q. M. 3955cd 389.2cd S2 150.3bc 80.07ab
333 8q M. 429 9¢ 452 6b 16 S3 150 9be 73.65b-d
JL.u UJEJ"‘F ]’. & (\.f""""lb) d.?}: &UJ'J S‘-‘_‘ 152 6ab 81.73a
Year Nitrogen splitting Plant height (cm) (Hashemi) S5 148.3cd 74.55ac
S1 3 s1 144 lef 70.75cd
S2 141 Gef s2 148 1ed 74.18a-c
2013-14 S3 144.8d 25 S3 147 9cd 71.97b-d
sS4 146.1d sS4 149 8be 73.21bd
S5 139.9f S5 143.2F 61.8%
S1 153.7bc s1 147 4c-e 72.32bd
52 156.7a s2 148 9cd 65.83de
2014-15 S3 153.6bc 333 S3 148.8cd 72.41b-d
S4 155.5ab sS4 150be 72.38b-d
S5 1514c S5 145 4d-f 72.15b-d
il cai Aoy ey s e Sl ‘_':_;_a,--l ool 4l cne BOERT clb g b S i By b slsl
Means followed by the same letter are not sigmficantly different at the 0.05 level. using Dunkan's test.
al b el cll alaye 2 70- Sy man dhanlala e 0700 + wl b ol ool als e 2700 S il b el climlala e 3 (100 oS GpmeiSy
S5 g opjlElados jaals s e 3 TV + msas bl als e 3 XYY + b b el bl alsye 13 MYV Sy oy jiTaded aals aloge g3 B +

Sl (msatet als e AYYIPY 4 psliTaded eals KPYIVY + 4l b oS gl als e > ZYVIYY
Sq: 100% At the beginning of planting. S,: 50% At the beginning of planting + 50% Beginning of tillering, S;: 50% At the
beginning of planting + 50% Panicle formation. S4: 33.33% At the beginning of planting + 33.33% Beginning of tillering + 33.33%
Panicle formation and Ss: 33.33% At the beginning of planting + 33.33% Panicle formation + 33.33% End of panicle emergence.
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(Singh et al., 2013; Liu et al., 2013) auib . 35,50
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aibio y> (Sandhu et al., 2015) Ko 5 spdils jomen
oher g (Sbp PAUZ0L o3, zp 9y » () by
o5y @ 89y » Jol olwss » (Yazdani et al., 2015)
by p> (Kheyri et al., 2016) o, Sen g (55 g )lunsS
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Sl cot odils 18, )0 bid g b b txe o pd gy 9 S5 Jloxs]
A5 b e Moy S sl maw o 5 )8 18 (1S5 edl
aS ol s edel V Jgus 55 a5 Slas ool @l pl ke dunlie
ol Jlo & 3leie JlunsS 5 (cmdla gl 55 olS 3Slos
olS 5 Slas g (HiSa 3 p,5LS VWAL 5 VYVY (i pay) ol);
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tal treatments

Table 6- Analysis of variance of grain yield. straw yield and harvest index of rice under experi

ails 3,8lae 8l 3 Sles Cudila gy asls
Ol pti 2lia el ‘;T ds 3 Grain yield Straw vield Harvest index
S0V ar I Jr oila S il s
Hashemi Koohsar Hashemi Koohsar Hashemi Koohsar
;f;ar 1 8698466.18%* 17804908.02* 16556792.37%* 125882213 06** 8.46ns 4038.22%*
Jb s /:_SJ 4 690100.59 576445983 1077984 .38 1444177 .26 7.74 24035
Repeat in year
. ."'5 ~ . 2 16435806.44%* 4777505 44ns 32062777.70%* 8352067.97ns 23.08ns 1.82ns
Planting density
A 2 1188662.550s  377717086ns  1363604.8lns  3363904.19ns 1.7208 §.64ns
Year * Planting density
e 8 580496 27 2211752.67 1008210 80 2460393 82 597 3268
Error
‘."".‘:""': ol . 4 282567.81ns 94939.19ns 1143566.80** 2134619.37* 7.10ns 23 89ns
Nitrogen splitting
Cjar 1;_..:5_'- b . 4 453613.12ns 469899 22ns 301820.71ns 1233730.63ns 2395 9895
Year * Nitrogen splitting
yiarad bds @ SIS G515
el b *. N v . 8 261316.22ns 289649 T4ns 78916.14ns 194817.57ns 1.72ns 4.98ns
Planting density * Nitrogen splitting
s s @ 22 (S5 8 s i 8 405933 80ns 279366.270s 528987 96ns 950017.45ns 441ns 10.33ns
r * Planting density * Nitrogen splitting
o S 48 272571.48 452523.50 22753430 591433.39 2.94 11.46
Compound error
Vo) et e - 8.1 160 69 116 3.6 8.6

Coefficient of variation (%)

Aoy gy g ey Sy Sl s p g e o pas i i @ we DS
ns, ** * non-statistically significant and significant at 1% and 5%, respectively
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Table 7- Comparison of average of grain yield, straw yield and harvest index of rice under experimental treatments

aily 3 Slos ols 3 ,Slos Gl g el
- -1 e -1 e 0
Experimental factors Gr ::m yield (kg.ha™) Stlfl“ vield (kg.ha™) H}:nest index (%0)
u.a.w'.a: Jl.m.ﬂﬁsf u.o.uJLh .,h.wh95 WL& .,LNA5§
Hashemi Koohsar Hashemi Koohsar Hashemi Koohsar
L
Year
Vrar-ar - 2013-14 6754a 37490 7377a 7790a - 32.44b
Vrar-af - 2014-15 6132b 4639a 6520b 5425b - 45.84a
s WS
Planting density (Plants /Sq. M)
\VF-16 5762c¢ - 6060c¢ G008b 48.76a -
Ya-25 6338b - 6703b 6811ab 48.67a -
Y -33.3 7231a - 8083a 7003a 47.20b -
Oiars e
Nitrogen splitting
St - - 7053a 6445ab 47.790 39.63ab
S> - - 6941a 6982a 47.790 38.11b
S3 - - 6929a 6613ab 48.19ab 38.6%9ab
Sy - - 7256a 6874a 47.98b 38.35b
Ss - - 65630 6122b 49.29a 40.92a

b ed amyd gy Jlensl maw o Sb eel Lolal gl cxe ST s ame o 3 S e g L olasl
Means followed by the same letter are not significantly different at the 0.05 level, using Dunkan's test.

b b oolf clal e e 2700 1Sy Lasasey il ale e 3 M0 + b bl gl als e 2700 1) b b el himl as e g3 (V) Ll e 1Sy

iS55 pililased jaebs als e 2 UVYIYY + poaoy cblale e 3 VYV # b b cdls bl als e 2 KYTIYY Sy jliladed el als e 0 V0 +
cJelS poadgd alspe 3 ZTYIYY + o ilelados joals ZYTIVY + 4l b culs il ds e o ATY/YY
S;: 100% At the beginning of planting. S,: 50% Af the beginning of planting + 50% Beginning of tillering, S5: 50% At the
beginning of planting + 50% Panicle formation. Sy 33.33% At the beginning of planting + 33.33% Beginning of tillering + 33.33%
Panicle formation and Ss: 33.33% At the beginning of planting + 33.33% Panicle formation + 33.33% End of panicle emergence.
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Effect of Nitrogen Splitting and Plant Density on Yield and Grain Yield
Components of Two Rice Genotypes (Oryza sativa L.)
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Introduction: Rice (Oryza sativa L.) is the main staple food for more than half of the world’s population. In
2011, worldwide rice production exceeded 672 million mt. Iran ranked 20th in terms of rice production in the
world. Plant spacing has an important role on growth and yield of rice. Optimum plant density ensures the plant
to grow properly with their aerial and underground parts by utilizing more solar radiation and soil nutrients.
Timing of nitrogen application had a significant role on reducing nitrogen losses, increasing nitrogen use
efficiency and avoiding unnecessary vegetative growth.

Materials and Methods: In order to do this research, an experiment was conducted as split plot based on a
randomized complete block design with three replications in a research farm located in Qaemshahr during the
years 2013-14 and 2014-15. The experimental factors included three levels of plant density (16, 25 and 33.3
plants per m?) as the main factor and sub-factor was nitrogen splitting in 5 levels (S;: 100% at the beginning of
planting, S,: 50% at the beginning of planting + 50% at the beginning of tillering, S3: 50% at the beginning of
planting + 50% at the panicle formation, S;: 33.33% at the beginning of planting + 33.33% at the beginning of
tillering + 33.33% at the panicle formation and Ss: 33.33% at the beginning of planting + 33.33% at the panicle
formation + 33.33% at the end of panicle emergence).

Results and Discussion: The results showed that grain yield of Hashemi and Koohsar cultivars in the second
year decreased 9.21% and increased 23.74% respectively, than the first year. Also, the second year compared to
the first year, showed a decrease of 11.62% and 30.36% of straw yield, respectively, in Hashemi and Koohsar
cultivars. Grain yield and harvest index were increased and decreased with increasing density in Hashemi
cultivar, respectively. Straw yield in both cultivars increased with increasing density. The lowest straw yield and
the highest harvest index were obtained in both cultivars, with nitrogen application in equal proportions at the
basic stages, initial cluster and complete clustering. The interaction between the factors in the cultivars showed
that in each two years, the number of cluster per square meter increased with increasing plant density.

Conclusions: The results of this study showed that in the studied cultivars, the highest effect of plant density and
nitrogen splitting on yield components was related to the number of panicles per square meter, because
ultimately increasing the number of plants per unit area and nitrogen splitting equally in the basic stages,
beginning tillering and primary cluster emergence resulted in the highest grain yield per hectare by increasing
the number of panicles per square meter.

Keywords: Cultivar, Grain yield, Nitrogen applying time, Planting distance, Year
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Table 1- Physical and chemical properties of soil at the test site

dasino Syl
Characteristic Value
SSeySlleglis  Electric conductivity (dS.m™) 2
pH 7.6
0L 5 LB lge Neutralizing agents (percent) 10.5
S epsS Organic Carbon (percent) 0.84
5 iy Total Nitrogen (percent) 0.08
ol B e Absorbable Phosphorus (ppm)  16.4
ol 6wl Absorbable Potassium (ppm) 195
o Si (percent) 35
o) C (percent) 54
£ L (percent) 11
elsl oy 0oy Saturated moisture percent 48.5
oal Fe 4
proes Mn 17.8
89 Zn 0.7

e Cu 2
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Table 2- Morphological and hydrolytic specification of porous clay capsules

. 13 1S L e >l
o8 ’L’A o ‘? b 2,122 ww Length Watering (Lit.h"%)
External diameter Inner diameter ~ Wall thickness (cm) JEal S 10 Sl oS 0 Sl S Ar Sl ok e
cm cm cm ©o s ‘o 7
(cm) (cm) (cm) 25 kPa 50 kPa 80 kPa 100 kPa
3.5 15 1.0 20.0 3.9 6.8 12.0 151
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Table 3- Analysis of variance of traits in flooding and underneath conditions

- Tss Jib oA el _— ) .
S L e FO SR N e s, e S B g,
i s el Pl Tt e Auigh Ve ” g » zs 5335k 2 i1
Source of variation ' Height 1% Number ¥  Total  Main SR ®F 2 Numberof Number Number Ferguey Weight oL
weight  of fertile “infertile Weight of  panicle Length of Ieg th Flag Flag  primary offilled of unfilled © offilled ‘n'filght
panicle panicles  length panicle g leaf  leaf  prapches grain grain grain
from pod width area
ciS bl
Cultivation 1 1645467227275 33557 48347 399477 117047 15267 16185 0207 61247 60507 5134227 34060.507 15447.60 3.65° 5495017
conditions
V= 34 920 3138" 258" 0.44 1317 107" 0.607" 122" 01" 682" 058 3627 2347 0.02% 0047 354
Errora
ks 1224226394879 734727 136127 194269 37173 40399 63937 011 015® 34727 423200" 684.50" 75764 0.01% 8646.127
Genotype
i eyt % e
C“l"_"f‘“"“ 1 88.44™ 358 142" 001  3200" 1.28™ 185" 0320s  001% 001 672" 20672 102727 1690 009" 26068
conditionsx
Genotype
vl 34 556 1348 035 033 0.44 041 011 019 001 097 028 118 028 022 001 457
Errorb
: 26 66 22 11.52 29 39 655 19 56 64 68 13 14 06 39 27
b gre MBI e DS o Y g B sl pau 3 e 5 e T we g e
* *%* Probability levels at 0.05 and 0.01, respectively, ns no significant difference.
w5 B2 Bl fgetms 3 oy 3,90 Ollo il 4305 Y Jgao aalof
Continue to Table 3- Analysis of variance of traits in flooding and underneath conditions
28 2o ar ke Sy p Fin  Y(II) ETR FO P qN QL NPQ Fo Fm  FvFmFv/Fm  Fv
Source of variation Yield Ripe
it Ll ae - . s . P . . . .. e as - P o -
- L'I‘"f . 1 12968815.21° 1870.68  9127.50 " 1646.74 ° 0.25 159957 5419.56 0.78 0.19 0.99" 0.68 5659.29  260937.78 025" 0.07 57291.12
Cultivation conditions
\E:L: 34 9764749" 099 127ns  327° 001% 084* 107 0.01% 001" 0.01% 001 087 035° 001 oM™ 472%
ora
) 1 23398135.50" 2139.01" 1707.87" 1627.66™ 0.07" 17225 349.65” 0.1470.0170.137 0,01 2909.14 917259 001" 001" 175034
Genotype
et bulos x Cotei} " o - . . - . . 4 - . . .
s 1 109927.35% 21.12 1.20% 80927 00Ins 59347 1195 0.01¥001 001 001" 118407 93470 001" 001 173068
Cultivation conditionsx Genotype
¥ s
ks 34 33243474 095 142 298 001 074 062 001 001 001 001 075 265 001 0.01 3.69

-~ 127 02 0.9 07 13 2.7 14 14 81 33 330 1.0 06 06 05 1.1

* *% Drobability levels at 0.05 and 0.01, respectively, s no significant difference.
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Table 4- Analysis of variance of traits in flooding conditions

Slos Sloas =55 bp Sl | HEIRPT
. . 5 o8 J_;b tsﬁ‘_._]sb Jsb Bt i e alyslag SO 8 g -
— L, s e LS e sn sy Sy 5 ois
et e JUprX & o L L Beis D e alg] 2 T eak o
Source of height Total i M3 v)ﬁ) ! Total ;rL’ . #Ar 4 Number of Number Fertility Weight -
variation weight Number Number weight of Main Lengthof Flag Flag Flag primary  of filled of “ of filled All grain
of fertile of panmicles Ppanicle panicle  leaf leaf leaf branches grain unfilled grain weight
panicle infertile length from pod length width area grain

Ge;mt}pe 1 1610.687 3268447 47669 66.69" 123669 20832 230287 36707 006" 0117 36007 3154.69" 128447 274087 0.10ns 5954.69"

B34 1167 27.36 175 0.55 1.08 0.86 0.52 069 001 485 0.38 385 0.60 0.36 0.02 436
of

36 8.5 5.5 17.8 41 45 12.6 34 9.7 12.7 7.1 2.0 5.0 0.7 7.8 23

b ere GME] f0ei S o0 ) o0 Jlanl mau o e b s e g e

* **Probability levels at 0.05 and 0.01, respectively. ns no significant difference.
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Continue to Table 4 Analysis of variance of traits in flooding conditions

pigle gp Sles Fasy g Fia Y(@) EIR FO gP N gL NPQ Fo Fm FvFmFv/Fm Fv
Source of variation Yield Ripe

1 13357806.69"° 11377.77" 809.08™ 1217.23"° 0.03"° 21690 116.16™ 0.07" 0.01™ 0.10" 0.01™* 926.86™ 8000.30"" 0.01"" 0.01™ 3481.00

.

Genotype
EL‘ 34 28554350 0.75 145 405 001 095 092 001 001 001 001 110 1.75 001 001 323
ror

“‘8;"_ 10.5 0.9 1.0 0.8 1.1 26 15 1.2 91 31 111 1.4 0.5 0.6 0.6 0.9

b e SMED i S Ao Y g8 sl ma oy ve b e T w8

* ** Probability levels at 0.05 and 0.01, respectively, ns no significant difference.
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Table 5- Analysis of variance of fraits in underneath conditions

slaad ) =g Jak > Sl
S o CF mRde JEoo i daw wbslag &l olag S3es e
- ) 4 wis jlads Sp Sy Sp 5 s
il g3l g1 F o abais s adgh . : adsl
bl df gl BN LG L ! e - o - 3 2 &% Sk ” &y
Source of Height Total  Nymber 4% Total i =R MR MR Number of Number of Number popqility Weight All grai
variation weight  of fertile NUIbEr yejont of Malm Leng?h of Flag Flag Flag gy filled  of unfilled ¥ offillea L g‘lj .1:11
panicle o panicles Pamicle  panicle  leaf  leaf  leaf  papches  grain grain grain weigh
infertile length frompod length width area
Ge‘mtwe 1 720027 161618 27225 6a.4™ 738007 16469" 175527 27567 0057 004% 5447 1284027 658777 50046° 001 2952117
EE:» 34 290 17.50 119 0.22 0.67 0.61 0.20 072 001 293 047 122 203 0.09 0.02 375
or
;""g\}u’: 2.00 8.31 557 8.08 4.00 431 9.34 398 9.7 12.7 10.99 1.5 24 0.6 10.6 2.7
FUPTIRE RIS R R Y Y IR SRR IS TR LT LY
* *% Probability levels at 0.05 and 0.01, respectively, ns no significant difference
Sl bl B w30 Olio pills @325 -0 Jsaa sl
Continue to Table 5- Analysis of variance of traits in underneath conditions
2 s it e S B oy YI) ETR FO P gN gL NPQ Fo Fn FvFmFv/Fm Fv

Source of variation Yield Ripe

e 1 10150256.16™ 10033.36" 900.00™ 491.36™ 0.03"" 14.69™ 245447 0.07" 0.01 0.38™ 0.01"" 2100.69" 2116.00™ 0.01"" 0.01" 0.02*

Genotype

Eﬁ‘ 4 16453874 118 124 220 001 063 078 001 001 001 001 053 446 001 001 518
or

“(*{ 9.6 14 08 06 16 29 18 15 95 31 33 08 09 08 05 16

b e WS e 08 o Y g8 lainl o 3 g (b fes i B g @

* ** Drobability levels at 0.05 and 0.01. respectively, ns no sigmificant difference.
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M plis (o pj 9 GByE il 3 Loyl on oNke
5 87.110 wigi 4 cumi YL oSles AEL2] (g}
Lol ol (Hwang et al., 1989) 4, § Kilgn (& Joi)
g Sila ol talS @y 3 ) adg Job (ol S S
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Mohammadi et al., ) il o olS  slewded Cunsy SU5L

(2008

bulyd 93 0 gl :Ske dulio (mNile Al
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Table 6- Mean comparison of waits in flooding and underneath conditions, flooding and underneath.

sl
slaes JBaie aded Jsb g Jeb " e g, ddgholiad ailislad il sl ) .
glis! Fojp .. B Lo Lol ey Sl Snoes dpoele a] . L & ois 3
Heiehe Total 27 e : JEE e e o o EE gmb Weightof  aib 3fles S,
2N veight .\umb.el‘ \'nmi)el‘ _'I"olal )anl Le_ugIIl of Flagleaf  Flagleaf Flag leaf .\UL?ﬂ)el‘ <_)f 3u1pbe1' Number Fertility filled grain 4] grain Yield  Ripening
(cm) (2 of fertile - weight of  panicle  panicle from length (em) wjd(i(tm) area [cm!) primary  of filled of unfilled (g) weight (g)
= panicle ‘nf‘)fnl panicles (g) length (cm)  pod (cm) th - branches grain grain stz
Indertue
Pl iy M Bl e
Compare the conditions of flooding and vaderneath
Flooding 9430° 613¢# 2408 423 25.04 20.68° 578 24.40° 0.95° 17.33 8.70° 0233 1561 8535 203 88187 506984 884
Undemeath 84.80° 50.14° 1951° 587 20.36° 18.14° 485" 21.40° 0.84° 13.52° 6.88° 7553 50070 5603° 1587 7081° 422314 782
Bkl el sl
Compare of varieties in flooding conditien
87.110  §779° 5344°  2050° 556 10.33° 18.34° 824 25.38° 0.91° 1727 770 8322 1744 g267 197 75677 447720 7111°
AEI21 10117 6067 27780 283" 3106 2315 318 23.36° 0.00% 17.30° 072 10104 1367 8819° 208 10130°  560540° 10667
g b3 2 B auslis
Compare of varieties in underneath condition
87110 804" 4362 1683 7127 15967 16.06 7.00° 2225 0.807 13.497 6.50° 60.72° 6333 52400 160°  6200°  370650° 62007
AEI21 8939" 5702 2233 444 25010 2033 258 20.50° 0.88 13.56" 728 8167 5478"  5986° 156 80.11°  476850°  95.39°
Py g P e s 0L Bl fpam 2 sy 290 Ol (0 SULe sl T g sl
Continue to Table 6- Mean comparison of traits in flooding and underneath conditions, floeding and undernzath.
' YI) ETR FO qP qN¥ qL NPQ Fo Fm Frfm  Fv/Fu  Fv
Flooding 11357 23758 0.52° 37.13° 65.73° 0 0.14° 0.42° 0.16" 76.32" 27714 0.72° 072" 20082°
Undemeath 13608 22796° 040° 276  43.40° 0.51° 0.25° 0.18° 0.36° 6412 238260 061" 079 14413°
$7.110  10896° 24324 0553 3057 67.48° 076" 0.16* 047 017 81.25° 201 641 0.72° 072" 21038
AEI2]  11844° 23161° 049°  346° 6388 0.67° 0.12° 0.36" 0.15° 7® 2618 07 072 19072
87110 131227 23155 0437 2827 50.04° 036" 025 027" 036" 10155 24572 0.59" 078 14416
AEIZL 14122 22466° 037 27000 457 0.46° 0.3 0.15° 035" 627" 23038 06 080°  14411°
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Table 7- Mean comparison of yield in flooding and underneath conditions, flooding and underneath in both experiment

Jol ool P93 ool
Lyl i First experiment Second experiment
Conditions 5ySlos 5)Slos
Yield (kg.ha™) Yield (kg.ha™)
;g Gl byl sl
Compare the conditions of flooding and underneath
Flooding 50.69.84° 5407.50%
Underneath 4223.13° 4140.16°
Sye Lyt ) pl5y) duglie
Compare of varieties in flooding condition
87.110 4477.20° 4705.00°
AE121 5695.40% 6110.00%
sy by 3 pld| alie
Compare of varieties in underneath condition
87.110 3706.50° 3633.33°
AE121 4768.50° 4247.00°

w3 9 QB HE Tyl 3 Gislejl 95 33 O o 3,5,15 duglio —A Jgun
Table 8- Comparison of water efficiency in two experiment under flooding and underneath conditions

' _ Jol hale] P93 izl
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ol gy Amount of water ole 1,5 T 1,5
inati consumed IR i T e et
Irrigation method ) ' > 3 Water efficiency _ > 8des . Water efficiency
: Yield (kg.ha™) (kg.mha'l) Yield (kg.ha") (kg.m3.ha?)
FI(:)lZ)iin g 13300 5069.84 0.3811 5407.50 0.4065
ey 6850 4223.13 0.6165 4140.16 0.6044
Underneath
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Introduction

Rice is the second most important cereal in the world, and it has the highest water requirement among grain
crops. Applying different irrigation methods is necessary in order to determine the best method to achieve
maximum yield. Therefore, in this research, the effects of flooding and underneath conditions on chlorophyll
fluorescence and agronomic traits of rice have been investigated.

Materials and Methods

This experiment was conducted in 2017 at the research farm of Gonbad-e-Kavos University. Two
experiments were designed for agronomic and photosynthetic traits in flooding and underneath irrigation
conditions in order to investigate two genotypes 87.110 (line selected from mass populations) and AE121 (an
aerobic line). The first experiment was combined in two separate experiments (flooding and underneath) and 18
replicates. Given the uniformity of the ground, the base design was considered as CRD. The second experiment
was conducted to compare the performance of irrigation methods and cultivars with the first experiment in a land
with a greater area (100 m?) in three replications. The germinated seeds were transplanted to nursery on 12 May.
During the stage, care was taken in the nursery, such as irrigation, fertilizer, aeration and weeding. In this design,
the distance between the plots was one meter and the distance between the blocks was two meters, so that the
adjacent plots had no effect on the moisture content. Transplantation was carried out after 3-4 leaves with the
selection of healthy and uniform seedlings on June 20th by 20 x 20 cm spacing and three seedlings. In the
method of flood irrigation, the land was prepared as usual. To prepare underneath irrigation treatments, each plot
was removed to a depth of 40 cm and porous clay capsules were used. The irrigation system consisted of three
main pipelines (the number of irrigation treatments), one valve head and one volume meter installed on each
main pipe. The main tubes were spread along the floor and the water needed for each treatment was taken using
16 mm tubes at the beginning of each plot. By placing the pressure gauge at the beginning of the pipelines, the
system pressure was modulated in the underwater irrigation system. At the end, the agronomic traits and
chlorophyll fluorescence parameters were measured.

Results and Discussion

The results showed that in the first experiment, the maximum water use efficiency was related to underneath
conditions. This result was also repeated in the second experiment. In terms of flooding, the amount of water
consumed was 6540 units higher than underneath conditions. The amount of water consumed in flooding
irrigation was 864.71 and 1267.34 units more than underneath irrigation in the first and second experiment,
respectively. Differences between irrigation treatments and cultivars were significant in most agronomic traits
except length, width and area of flag leaf, yield, total weight, number of infertile panicle and main panicle
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length. Also, the effect of cultivar and irrigation methods were significant on chlorophyll fluorescence traits
except F'and Y (I1).

Conclusions

The results indicated that most of the studied traits in the floodwater irrigation conditions were better than the
underneath irrigation. The yield was also higher in underneath conditions than in the case of flooding conditions.
The results of analysis of variance of both experiment in the studied traits showed that there is a significant
difference between flooding conditions and underneath irrigation and also between genotypes under irrigation
conditions. The mean comparison in underneath conditions also showed that the AE121 genotype has a higher
potential under both conditions and can be recommended for high yielding.

Keywords: Chlorophyll fluorescence, Clay capsule, Irrigation, Water efficiency, Yield






Iranian Journal of Field Crops Research
Vol. 17, No. 4, Winter. 2020, p. 661-672

&’//:C"IJ}JSZ ;)

Olnl =y gy 4yl
FEV-EVY .o VAN Gl oF o ylouis IV ol

Sl 5 Show 5 St ST cIlad (S DS 5 5 SB glaessS bl 3T
¢S 5 <o (Mentha piperita L) Jils ¢l olS 2y,

2 Z N ¥ . .oRY s \. .
L;\S.Jﬁ&;ﬁ:m‘;l&‘oswwu‘ dybda)dﬁ.\w‘;’&.&ngjjukb

VAR YN sl s go s
WAN S/ 2 o pds o,

LRV

5 he polis Gl o dalyd cul )3 Dg)e Jladay (Bl 5 () SYgase Mg eniSagume Julo gt olgen (lnl o Gl 298
S Sleogad 53 Gae Syt b ojlsan (Sl liee &5 33,5 w3y (18IS s Wl e 5 0392 St (alS ewdplie slaai])d ol
w25 Ot 5 (b GRS g bagite G0 ¢G5 (9 g A 3) (2SO oy el By e 53 sl ol jo 29y (LS dlox sl lalS
Jlo )3 eyt Canyi o8l (5y9LsS 0aSitily 53 aialojl (o)) 3557 g CauguaS ooy 395 ;I il dlewgds oLS 39yt 355 5L o) (6365
039 <S5y g a3l )l (JS slo 38 DPPH sl ¢ iluungtl cafgigghé ¢ Jidg)lS” olise Jold adlllas )50 Slio i plosl AYAV
023l ol glis)| DPPH oSy Jd9)lS je sl ceoly (oo o 45 391 o | (Sl glis ings uilsl 3,8kae 5 000 ¢ pologey Sits
bagie (5leleS b uilul Loy g S cloJid gt daadggdh (i 4281 b il 5 )Slas g olsn plil Sis 55 o5 o
gy 9 St Slio ke Gl 4 e (0365 e ) CusgaS oyg e SIS Bl (BRI )Ly b ol 0 5 Ll
lal Ll 5> il 3,8kas g alon plul SiS (59 ol i)l it ol 9 Jlize 31 5l ool Cusdar @l Bllae 3 il gliss oS
O Yoyl p)SoS Ve (il 565 5 bwste (o)leleS )3 S sla it ol st el Cunddy CusgiaS oyg 5 VT Jlag g sllas
5 osnlo CugeaS g0y 355 (9 VT Lolyan bassio )luleS’ )3 aadgiso (i 5 (il oy (i (iman b Juols CusgiaS o9
il o f1olS Sydgnid Slao ) wb g aug) 3,Sles )3 o CunvgeaS 009 355 )kl Sloply o 5 9 L gl S gy

3 SHre dlmb)g)lf oS L}.’-I UMBL»\ Ored ._xs)la |) u.;.‘lé le.a
Dyl (il mluo 5 (S

Mo & oge dlge Mg ln g lagy Jib el
solie & e o ol oliass o)b Gl ole yole (ool
s bl Il cow (g B (i @ g calia
95> Ojeys 45 bl ;I (Ghanbari and Avriafar, 2013) 344
35 yut o) adye drpp W cul J8g)lS JoUge I (ot
b olyon e (I 5SS g 5 008 555 Sy
Fobar 38 ol 03gCum) dSeyn dlge (S adle Gl
0siS ey GBS ,S a5y gl Ll b b ) e e
ool e o Cdlie &5 sede ol olS ol Ll
B (Bpae ey Hlde all b GRIE S sl
Ol 4 orie ey sgs d Sl e G392l (clastil
.(Abdel Rahman, 2008) ..i salgs sl

Sl g ged g LBy ediSdpime bele (e Sl S
U5 bl el Yoomo (Sitd 45 ol S A5 LS
S50y 4ouyd b i Gk 5l aolB ol ed e geilunS]
oSl opzi; Jes il iald cel & bl o sl

DPPH cusgpeS ailsSS ¢ il do s 1505 sWa21g
doddo

Mo oS canl 29)l> QLS (58 panyy Sl (S (Jalb gl

Jwyeo oy Yoo Do 4 les ‘_’J ool (ca¥l B puao
Sed oS S Jals gliw (Kazem Alvandi et al., 2010)
Ol oy g odel 3gmgds Cands (D dgda 365 4 Canl (1 yun)
(Figueroa-Perez et wles,s S5 M.aquatica 4 M.spicata |,
Pl 4 olS ol cudgyme cuw ol oSy 45 oab al., 2014)
ol )l Jaldelin uilwl @leS 5 iy cwl osd  Jaldglias
5 Sl sl el bbb & cwl aas JSas s
2085, laieay oolatwl Culild dses > 5 Al o (29,500l

o yde Gy oSl ((g5yalilS oSl «islyj 09,8 ¢ 6 (gommiiily )

ol el

Oyl eld cmyte Can s ol «(g5y5liS 0aSiiily el 09,5 bl =

Olnl Wl 098 @lye g oSS lidod dungs bl =¥

Oyl eOle eyt Can i ol (g5 ygliS 0aSLiily sl 04,5 o ybokiwl —F

(Email: modaresa@modares.ac.ir e 0 g — )
DOI: 10.22067/gsc.v17i4.80548



WAA Gliwno) F o)l IV alr oyl ol 815 Sliudgy g pis  FPY

b ors if oty CangsaS gorg S5l JT (slooss 3 ool
a1y olS 5, Sloe g ady ilSlis Cpno b dunlio )0 slowd 365
so3sS 58b s @ pel ol o8 amd e Gl s e
2o Il eeoss s dly p3Y ploj el )3 (Bpas olerd
il oSy uin ole s aald ams
aS ol ()18 eyl e 4o (Hosseinzadeh et al., 2016)
Ol o)l olS ) CuwgeeS ayy iz polie I oslizal
(ol cas g cueS ilidl cely (Ocimum basilicum L.)
dpbe wald 4 Cund Syjglen 0les 5 uilel 3 Sles
(Anwar et al., 2005)

HblS sl » Ol (oo iald e oS Lis
2 Sl g (S5l 5d Clyus (B g 45y (A8 g sl
iliste olAe polic wyied Cubl diwly e )3 30,5 o g
g Wi Mo L5 Clyts S (15 8L oo S
oS D5 4 i Cuaglie W3l 0Ad 48 ot &S alS
a b 8,5l (Sheteawi and Tawfik, 2007) cuily salgs
35 5 CargeS gy lajod izl 85 35 o8l 35 S5 )
Ol ol 5l 3y90 (A8 polie i @al S S & olend
LSl Sl sanlp 5 Koz b e b oL amos
Feshe ol cage @iy 3 ¢l culie jin o dbgl
» ouSly cpl &S (Darzi et al., 2010) 558 0 SB Cugb,
03,5 asebe sy S ) bl yed jate Wl oS bl
9o OS> (s Jol (35 @b 2 el 2leS SIS &S
i 5 Lyl ol 5 1) 45y Candg olgise i i b &)l
(Sheteawi and Tawfik, 2007) suisy S50

daie Flopd ol 4 ey b s L L 8 olsy
ST 51 caold (Gl A5 Casls ((J0]) s casld)
Ol & e ado sl ol gl (29,5 18 Clld 4
Se plyedr (29, (LS adsl odle 53 dlge cpl (5 pSejll i
Olie g 2oy p s Jelse D90 Cguine (&S o
it oo il glias olS ) (2l metl ojlae (L5 luS 5
bl oS85 Jobe 15le e Jose & e 4ej
Oy Glime csagle sl dss izt slapiis o 5l Jare
a8 Sy (=hj gladnyly m (g 058 oyl ctly loj
)l 3929 Cglis b SluS 5 Glise g 2oyd L ]

olS ) oslil (ol 298 L ablio slael, I S zym
 glals @5 oalatdl (555 Canlior o ol o Lol sl pglis
xSk g)e oS nlple (85 S5 5 gl s o 5
oS My Glise p ep Olgn CuwgeeS dleajl cilize sladgS
Lalyd 3 ol eige odle e (38l s o g 29381 lalbglin
S glgiedy Gabels Coenl @ g b b (SUS QLT oy

g bewg)ls 53 JUb (5T gyl JoSits (aljal g (s jingid
g Wlgie Jlb sbajeas] gyl Db oo b )diS gice
Sl glad! daulgn da gy 4 sl slacw!
lopedplie > M| el (gfiiogt baliSs, 5 sl
ade jglaioas (Abreu and Mazzafera, 2005) s4i obS sl
ol 3 e lapamsilSe )l lalS sl i
By o 3 ) Jlb 58] lgil b ail oo eilg 5 el
L3958 it ClapuST T slaw 3T aloajl (LS L bS5
st ol il ol daJdgnliS 5 g,k e
S b ol 5l g Wy (o 1y JUb (eSSl 0 oS
oS Casl o) JI03], S, DPPH® JIS,sl, iiled o cdslin
50 Job 3 DPPH® o s le) sl didis o gl
DPPH®  j50jl 3 (cowl WO+ MTem™ (zegl 0V0
ot ) g o3 iSly laciliws] sl L DPPH® cla JIS,0),
s olS sl a8 Qo drpn cplple b LS ol ke
.(Hernandez et al., 2004) col (¢ i s 5T cls
256 cov ool e 4 oS oyl il g 2lgn pluil 5 Shes
bl 5l (Sl eausite (2l)) Pl 5 SBplols
CuisS g CueS b3 Slas Joas polaiods (ol)j 552yl 3 e
o385l o3lits] sl olS 415 Giliseo (glaygtues 2by) YL
@he polie 35008 Gy sl bely i@ I (S besd
Sylso 6l > sl Al (6 Kok hyiaS oS Al o SB
Slodo g Jame sla Sogll el olowd (sladgs 51 ool
My laanin Ll caw 265 &5 2980 (il (S59lsS]
Jsol 3 oslizl oMSte ol @by cloyaly J) (K 53,5 o
S slodss 0950l il ohys sloplliipg )l (55,58
g Cuwl 0ad grhae (alend b3S (slp (05Kl e
PR 4 s BB ik 83l Bpas yy lie polis 5536 ]
x5 g olS gad g A5) d9ik s 9 035 o o yled 1B
W 1 slaags Brme (iman i olS (gl ) plums sy
5 odd SB w9 plend (i lulid S c2ge
ol CungpaS carg JI 355 amao Gl 1) ] (sidols
5 S bl dogl oSl ) Il (gt byl
Gl oMe ol 51 oslizul 45 Wil SK pS (laaly
M a8 o S e (lapusBly S Culld 5 Cuner
9 2lord (38 Ll pd dgm0 ol 55 3)90 Joloee (2138 ol
Dgde ol dSles g M) gy Egeme ) 9 SB )
S CBl (o) el (wgegr (Shy rdl Cle 4 (pixen
Slgo (P ya giludlil (S Gl 6yl eyl g ased Ll B
(Darzi et 535 oo ()39, by Cawd Jl g (gl (1alS o(slse
S e i o Sdmgl Sy ollles mbs al, 2010)



PAY oS 5T colled ( Ld laS 5y S glroniaS uslols 5T

b jloss o) g sl (e Sl ey o jlosd oo Jlas! jglateay
Sygods (bl b catie inlej] sladsly 4 Bolas joba
(Nedkov and 15,5 plosl (o,lol (olalgs 51 oolizl b ¢ (glolas
@ il sy Lis Jels olesl asly e .Georgiev, 1991)
939 fie sl Job 4 g (ele Y+ 2)2) yie(gile YO alold
s Colue 00,8 Bld pginy m sio Sl VO g clalold
ac)je EWS L)"L‘"‘ 2o Dy (Y/\X\c) F SO N¥ dgd> C)).{
JAS oty 8 52 S SIS Lo oSy 355
Spgj) «CuwgeeS 50y9 395 S)log Jlosl | Gy ab bl
S eSele jolaieds (00,8 cuiS ol diawl Blgl > Jals el
w0 ol bl el Jnlie sl 5 talofl cglalags 5l
05)le A Blod oSy 2o < /YD g SOl o e V/A ojl]
255 ol o (g o ypislacile |

JB a3 Jlosl (L] slajlass «watS 5l 5o, Yo cusS 5l e
o 3 S casby &5 ey 5 (S psbas oblS s o
Behera and Panda (2009) Luwg ous &) Lls, 5 o)l
5 oslitl b S Ul i el 4t dilata > SB O albss
A oy 0k 4D Bes , (TDRY) oy (v ywlSail olKuws
O Sl el laiie (o) )l dlal 4 Cos
Ol lde s 9 Omn sl omen 100,85 oolal S ool
b 4 oy b a3 olitl HgiS @ jeome sbady) 5l o)l
o3 b oS (PWP) s S3,0% 4 5 "ty elys cab s
aole oS iS5 Jeo 3 olS oy ST el cunday SB
ol jl oy £+ Iygas 79,3 (Behera and Panda, 2009) L5
O 3l el e ol e 93 Bly 3 (SB oy JB
lgie SB oyt LB Ol 1000 VO g5 ) an lilé gl
oyl » {Omidbaigi et al., 2003) (s k] culio loj) 392 0
S5yt 03,5 oS G leg ol OBl 4 pladl bl
Ll olcds SB oyiwd b8 Ol aoyd Y0 zoy5 5l an (oyl]
B Ol aop Frozgs il am ol (uald) oleS 25 gen
I am ol g S bgto (15 bulyd lsieds S ot
Lad S blps clgieds S ey BB Ol asyd 00 zg)5
2 ol 55 o S S g (s ol 50 A5l oS
5L Sl ISt (g lol lasls Blod 5 b 4 4,8 L

2- Time Domain Reflectometry
3- Field capacity
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Table 1- Analysis of variance (mean squares) of different irrigation and fertilizer treatments on physiological traits, vield and yield components of peppermint
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Table 2- Mean comparisons for main effects of irrigation and fertilizer treatment on physiological traits, yield and yield
components of peppermint
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Normal irrigation wgllas (¢, 3.78 0.61 1.16 84.4 3.68
Mild water deficit buwgio (,lleS 3.08 0.87 1.54 65.8 2.90
Severe water deficit sy (¢,llsS 2.57 1.35 1.28 495 2.33
LSD value (5%) 0.28 0.14 0.12 0.43

Fertilizer treatments (¢3s8 (slalows
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(F4) consiaSisnsg o5 Yooyl p 5ok V- 3.17 0.88 145 63.2 2.95
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(F5) cusgeoS coosg 5 ) Vosgl 55k ¥ 3.54 0.99 1.46 617 3.24
35 kg.ha™ Urea+11 t.ha™ Vermicompost

14 tha™ Vermicompost (FB) cusgseS oy o5 ¥ 3.60 1.07 1.32 55.0 3.36
LSD value (5%) 0.33 0.13 0.17 0.39
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1- Phenylalanine ammonia-lyase
2- Phenylpropanoids pathway

3- L-Phenyalanine

4- Trans-cinnamic acid
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Table 3- Two-way interaction between irrigation and fertilizer on physiological traits, yield and yield components
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Introduction

The shortage of water in Iran is always considered as a limiting factor in the production of crops. Among
them, its effect on growth, absorption of nutrients and the metabolic processes of plants is different and can
reduce the growth. The amount of this decrease is always associated with significant changes in the qualitative
properties of plants, including medicinal plants. Hence, this investigation was carried out with the aim of
improving the essential oil yield of peppermint through integrated nutrient management under the drought stress
conditions.

Matherials and Methods

This experiment was carried out at the field research station of the Agricultural Research Center of Tarbiat
Modares University in Karaj during 2018. The experiment was conducted as factorial arrangement based on a
randomized complete block design with three replications. Treatments included six fertilizer rates (F1: control,
F2: 140 kg ha® urea, F3: 110 kg ha™ urea + 3.5 ton ha™ vermicompost, F4: 70 kg ha™ urea + 7 ton ha*
vermicompost, F5: 35 kg ha™ urea + 110 ton ha™ vermicompost and F6: 14 ton ha™ vermicompost) and three
irrigation regimes (irrigation was suppressed until 75 (control), 60 (mild stress) and 45% (sever stress) soil
moisture was reached). According to the recommended N requirements (140 kg ha™), the vermicompost was
broadcast by hand and incorporated immediately into the soil using a rototiller three days before planting. The
urea was applied at two stages. Because of sandy soil, plots were irrigated frequently (interval of 1-2 days) with
drip irrigation system to avoid wilting during the plant growth. The plants were harvested at floral initiation by
cutting plants about 10 cm above the soil surface. Data of growth parameters were measured as plant height
(cm), LAI, dry weights of herbage, essential oil percentage and oil yield. (which were collected at floral
initiation). Analysis of variance (ANOVA) of the data from each attribute was computed using the SAS package
(SAS Institute, 2009). Significant of differences among irrigation regimes, various fertilizers and their
interaction for variables were compared by LSD test (P<0.05).

Results and Discussion

The results showed that drought stress reduced leaf chlorophyll content, DPPH, plant height, leaf area index,
shoot dry weight and oil yield. Although the amount of flavonoids, carotenoids, total phenols and oil percentage
first increased and then decreased by increasing drought stress. Increasing the rate of vermicompost in fertilizer
treatment increased the physiological and vegetative traits of peppermint plant. According to the results of
interaction between two treatments, the highest plant height, shoot dry weight and essential oils yield were
resulted under normal irrigation and 14 tons ha™ vermicompost. The highest total phenol content was obtained in
moderated drought stress and combined fertilization of 70 kg of urea with 7 tons ha™ of vermicompost. Also, the
highest percentag;e of essential oil and flavonoids content were observed in moderated drought stress treatment
with 14 tons ha™ of vermicompost fertilizer. In general, the results showed that among different treatments of
drought, vermicompost fertilizer had a positive effect on vegetative and physiological functions of plants.
Application of vermicompost combined with chemical fertilizer increased plant height, essential oil percentage
and essential oil yield.

Conclosions

The results revealed that organic fertilizer treatment improves essential oil yield and physiological traits of
peppermint by improving various chemical, physical and biological characteristic of the soil. As a result, organic
and chemical fertilizer combination reduces the requirement for synthetic fertilizer and improves performance
and environmental sustainability.
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