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Figure 1- Daily minimum and maximum temperatures during autumn and winter, 2012
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Table 1- Interaction of ecotype and freezing temperatures on survival percentage and recovery of garlic plant after freezing
in controlled conditions

i 51 S sy wo Ew,! Sy e S 039
Ecotype Treatment Survival (%) Height (cm) Leaf area (cm?) Dry weight (mg)
0 96.6 21.8 27.3 164
-3 96.6 234 26.9 149
-6 93.3 19.9 259 134
3550 -9 86.6 222 24.3 128
Bojnurd -12 93.3 23.7 23.7 126
-15 775 20.1 21.9 124
-18 433 10.8 8.5 58
-21 00.0 00.0 00.0 0.0
0 100.0 235 31.0 221
-3 96.6 24.1 313 213
. e s -6 96.6 23.8 29.3 203
2 Ry -9 86.6 24.2 273 201
Torbat heydariyeh 12 82.2 19.8 24.2 140
-15 53.8 12.1 16.3 98
-18 3.33 1.00 0.65 6.0
-21 0.0 0.0 00.0 0.0
0 66.6 21.1 29.2 244
-3 63.3 18.3 26.2 238
-6 56.6 15.6 23.8 178
Slgs -9 56.6 14.4 24.8 177
Khaf -12 56.6 16.4 225 132
-15 40.0 8.01 15.7 84
-18 0.0 0.0 00.0 0.0
-21 0.0 0.0 0.00 0.0
0 90.0 253 30.2 177
-3 90.0 24.8 325 194
-6 75.0 219 23.6 180
yolis -9 75.0 24.1 216 134
-15 20.0 8.66 7.88 65
-18 0.0 0.0 0.0 0.0
-21 0.0 0.0 0.0 0.0
LSD (0,05 9.85 2.38 2.95 22

Sl b cow (p<0.05) (b ine yobas LS ol awy
sl 3. 8 5355 slles g cussSTcuslS )b blae
) =V ey o e Cop g dyeon cuisST g0 ¢ Jsl
sl als Mo V8 5 Ve cud i dals slod & cuns o3 5l
Cails 50 a8 296 Led pl 53 500 cudsST 90 a5 sy il
Juoyd 31,5 il 4oy V0 (sl 3 59150 g Llod udeST g3 pgd
fp oy g sl cuisST 93 0 Lol il usbio b (ol
(Y Jg2) w8y oo I QlalS 203 BY 9 5+ ey

959 i) ae p S bl el gl
lopd b ials b s o oS ol glis 30 (Cicer aretinum L)
4 e Rl ol Jg <8l ials adllas 3590 lacaiss slis
Ve o U alS sl sy oS gysbdy g Golite Cuig;
o) dald gl b gybame Ml oS ole as o
@ bl Gl aop b yuin Gl b Jy sl (31,5 Ll
MCC741 Cusg5 sl anpd =V sl > .cdly Lials o
28y G 3 Lo R0 il 93 Sl 3 39 0o ¥e 29
(Kykha-Akhar et al., 2011)
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Table 2- Interaction of planting date, ecotype and freezing temperatures on Survival and plant dry weight of garlic plant
after freezing in controlled conditions

ol sl &6 S 2 )9 Ay oy Slgs sl
Parameters Planting dates Treatment  Bojnurd  Torbat heydariyeh  Khaf Neyshabur
0 100.0 100.0 333 80.0
-3 100.0 100.0 333 80.0
-6 100.0 100.0 20.0 50.0
92505 YA -9 86.6 86.6 13.3 50.0
19 September -12 93.3 86.6 20.0 46.6
-15 80.0 744 0.0 0.0
-18 80.0 6.7 0.0 0.0
NFAWAN -21 0.0 0.0 0.0 0.0
Survival (%) 0 93.3 100.0 100.0 100.0
-3 93.3 93.3 93.3 100.0
-6 86.6 93.3 93.3 100.0
oo ¥ -9 86.6 86.6 100.0 100.0
-12 93.3 777 93.3 100.0
21 October 15 75.0 33.3 80.0 40.0
-18 6.6 0.0 0.0 0.0
-21 0.0 0.0 0.0 0.0
LSD (o.5) 13.9
0 154 204 54 124
-3 118 218 45 123
-6 121 204 13 134
9246 YA -9 118 202 17 88
19 September -12 118 126 8 6
-15 115 91 0 0
-18 104 13 0 0
S g -21 0 0 0 0
Dry weight (mg) 0 174 238 434 229
-3 179 208 431 265
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Table 3- Correlation coefficients among traits of garlic under freezing stress in controlled conditions
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Figure 3- Interaction of planting date, ecotype and freezing temperature on height of garlic three weeks after freezing in
controlled conditions. LSD value is 3.37. (e, ofirst and second planting date, respectively)
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Figure 4- Interaction of planting date, ecotype and freezing temperature on leaf area from garlic plant after freezing in
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o Jol el )3 olalS )3 Loy &y Joo ials sy jas iy
A Cawl 0ud odalino 35 ldiste plo aoyp 0 (F JSS) cuwl
Ly & adsl Jole & G Wy 545, Jolo 5 lakS
Anderson and Taliaferro, 1995; ) wlawsly (¢ b Camwlus
.(Calcagno and Gallo, 1993
dopd B oablS gled j sl Fu )b g ST bilie il
Blod slacuigS o aS g ysbay g (p<0.05) b gne Sy pdaw
RLATS0 oo ygo Ve d jg2 5o VA 5l CodlS i b ol
S L dopdes C i 9 3y slagedss] o Lol bl ials
o ol 0 (0 JS3) cusls ali8l RLATsg pad 4 Jgl cuisls

(r: —./V\‘*) S Gxe g (o (Simmad Sy pdaw 5 LTsogy (e
A ol

3058 ) 65 50 gl cudlS o 4w sdmliie dalllas G

sle> 4o (T. resupinatum) 1yl o o (Trifolium pratense)
(3,5 Bl axp yaw) dald 4 caws oS ole axp —VA
P &SI o asih Sy paw el s FA 5 WA cuw g
Slpl 465 Sy mdaw oS Bl a5y V0 slod 3 pgd il
3038 sadisS 5 Lol cuily Lyiul38l duo 3 VY dald (slod & s
oablS Sy maw (T. incarnatum) SV o (T. repense) suaw
&S Slals &S cwl o Sl b ), (Hazrati, 2014) cusls
@ Sl Colus D39 S @ e M) ShI Loy 69 51 S
Azizi et al., ) Klowd 55 (6 ptin cawl 4 5D g 4Ll Lojw
2o QLS A8y GRIEl eyl 4 calply (2007
gy Sl G 4 o] iy 5 50t 5 Sles clacss]



4 L Ful U e Allium sativum L.) e gcwissT 5958 & Joxi

Torbat heydarye Neyshabur

19-Sep =22-Oct

Bojnurd Khaf
0.0 T

-5.0 4
3
% -10.0 -
@«
g
§ -150 - R

-20.0 -

-25.0

(Ecotype) cuwigS!

i yiS byl pid 33 (S350 led Cod g (i oST S o haw o3 00 sl lod o udsST g Gl &y U bl (51 -0 JSUS

..\wbun LSD (0.05) 34 a..\.;.ébdw Lbue?.w 89y Sd90 ]99]9.’>
Figure 5- Interaction of planting date and ecotype on RLAT 5, of garlic ecotypes after three weeks freezing in controlled
conditions. Vertical lines on bars represent the amount of LSD (5

cal il asy A g TV XA XY s e Ul
S g 3,8 il da 0 =V & yoo jl by ialS b ies
BF 9 V5 dgh> i dpde Cuy g 3)90m slaciss) > &Sy
olS > by g 03,5 oo 1y ol)S ol sy —VO
scwsS d i =W sl o Wy SS9 pgd CudlS
g V8 &0 Y dgi sty Blod g jeuliid eyl Cuyi 90
S a (Y Jaie) amib alS jae gled 4 Cund Aoy ¥
B39 Gl Sy Sl pe> il 3 (LS g2 e
9 )3\9 &S 439?0‘.4.&» Llosls uL*‘" |) Sy dLo).w 4 Jm Ag)
o wzab kbl 5 (Waner and Junttila, 1999) g
4 Cand gl GBS p (eye 3ble 5l S
@ ol 39 Feotie b slaled blie ) ime SS
Ay & e pgd Gl ) bS] (3 Sl dwye sl
ol 005 CBL3L g0 )3 ol St 55 Rl g yiag daome

Bbgze 35 RDMT:0 5 cwisSl 5 cusls b Jolie 3l
slaeaisST ;3 RDMTsp lse «cudlS p3 3L L g 39 (p=<0.05)
(£ Js) calb Gwlsl RDMTsp pod 4 Jol cusls yuss
RDMT5O 9 LT5OSU¢}.‘.-.’ (r:'/'\"}m) LS)‘QLSZM 9 Code M
(Y Jod>) 4 osaliie

A Hlis (59570 sbales g cuigST blae eyl 5l ol gls
2 8Lk 0jed (bl B SiS g dod JEalS L kx> p &S
Colizo laiss] STy Jg 2B nlS e S o o
o pd S il ax 3 V0 @ yao Jl ey ialS L &S gk g
oyl Cop @)pon Sl G e SUS g plals
Ormed g hopd £F9 FF F Y dgis (i Ulgs g yelis
Cop Slagds] olS ble @ A 4 jho Lo ials L
S yjs paals do > O 5 AY dads S 3500 5 A yde
O 3 el 8o (slad p3 Blgs g sl slacussT g sy
P& a otalie 3956 55y p e 3 () Jgix) a8,
039 NS Bl 2> A o jl by GialS b les s
00 FY Cuipa badls Suis (yjg g 4Ble Kis 59 olS Suis
w2 (Moshtaghi et al., 2009) cal yialS asps ¥ g
dg Cgliite (SOjgn 4 puS Pl STy 45 A5 odaline 55 6,503
@ Comd Sy 3300 8 Lliwgir 08 o) 390 pB) 2 9
8Ll 0)g3 3 St (g LS (ol (S il )l Lo
ddome A8y (bl GBS g olS p (S3jg ©)lud Sl b,
(Azizi et al., 2009) szl )]
0js 2 Sk bl g sl s )b Jlie
a5 g 0bds gy (p0.05) Hlo cizo bl 050 LL ) &g Siis
A8 e dayd =W & i 5l Loy ials b Jol cuslS flals jo
5 nlds @i Co o)gon oS ) B SiS o



WA 5l o) o)l A al ol (£ly) Gleiany s s Vb

Bojnurd Kha Torbat heydarye Neyshabur

Temperature (°C)

19-Sep £322-Oct

(Ecotype) cuisS!

byl e 30 (5350 Slbed pil Cod g (i oST SUiA (459 duo g3 00 2 clod i gST g CadlS & U Bliie 51T U8

Mbdo LSD (0.05) 34 b.».hbulmu lhugﬁuw 89y &390 bsb DMJ}'&S
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Introduction

Garlic is a medicinal and cool season plant, but there is not much information on its level of cold tolerance.

Khorasan province is one of the suitable areas for growing garlic. The conventional planting date of garlic in this
region takes place between 6 October and 5 December. Available evidences shows that garlic plants have been
affected by cold stress due to inappropriate planting date. Some researchers have recommended the use of
controlled freezing tests as a suitable approach to assess cold tolerance of plants. In this regard, it is stated that
LTs0s in wheat had the highest correlation with field survival index when the crown was exposed to cold stress.
The present experiment was conducted to study cold tolerance and understanding the most critical growth stages
of garlic ecotypes to cold stress under controlled conditions.

Materials and Methods

This experiment was conducted as a factorial based on completely randomized design with four replications
in Agricultural Faculty of Ferdowsi University of Mashhad during 2012. The experimental factors included two
levels of planting date (18 September and 21 October), garlic ecotype in four levels (Bojnurd, Torbat-e
Heydarieh, Neyshabur and Khaf) and eight levels of freezing temperature (0, -3, -6, -9, -12, -15, -18 and -21°C).
Plants that grown in outside conditions and acclimated to cold temperatures were transferred to the
thermogradient freezer to apply cold stress. Survival percentage, Lethal Temperature 50% mortality according to
the survival percentage (LTsos), plant height, leaf area, reduced leaf area temperature 50 (RLAT ), dry weight
and reduced dry matter temperature 50 (RDMT ;) were determined at three weeks after applying the stress.

Results and Discussion

In the first planting date, the survival of Bojnurd and Torbat-e Heydarieh ecotypes decreased 20% and 26%
at -15 C compared with zero temperature, respectively, while two other ecotypes disappeared at this
temperature. In the second planting date, Khaf and Bojnurd ecotypes had a good survival at -15 °C while
Neyshabur and Torbat-e Heydarieh ecotypes disappeared 60 and 67% at this temperature, respectively. Since the
growth stage has an effect on cold acclimation and stress tolerance, this response can be due to difference in the
growth stage of plants. However, this reaction was different depending on the ecotypes. With changing planting
date from September to October, LTsy, decreased 9.6 and 6 °C in Khaf and Neysabur ecotypes, and increased
3.9 and 2 °C in Bojnurd and Torbat-e Heydarieh ecotypes, respectively. In the first planting date with decreasing
temperature from zero to -18 °C, the maximum and minimum decrease in height (90 and 27%) were observed in
Torbat-e Heydarieh and Bojnurd ecotypes, and Neyshabur and Khaf ecotypes disappeared at this temperature.
Also, in the second planting date with decreasing temperature from zero to -15 °C, plant height decreased 47, 52
and 30% in Khaf, Torbat-e Heydarieh and Neyshabur ecotypes, respectively. However, plants height of Bojnurd
ecotype decreased only 4% under similar conditions. In the first planting date Bojnurd and Torbat-e Heydarieh
ecotypes had the lowest decrease in leaf area (about 3 and 17%, respectively) at 12 °C compared with zero
temperature, while Khaf and Neyshabur ecotypes assigned to themselves the highest decrease in leaf area (about
85 and 58%, respectively). Also, in the second planting date leaf area of Bojnurd ecotype decreased 18% at -15
°C compared with zero temperature, while in similar conditions Torbat-e Heydarieh, Khaf and Neyshabur
ecotypes had 56, 38 and 58% decrease in leaf area, respectively. The lowest decrease in dry matter percentage
was observed in Neyshabur (23%) and Bojnurd (22%) ecotypes in the first and second planting date,
respectively, following decreasing temperature to -12 °C. Studies have shown that plants with faster growth
before the frost were more sensitive to cold temperatures and as a result, damaged more. So, it seems that
increasing growth of Khaf and Neyshabur ecotypes and their progress towards more advanced growth stages
reduced cold tolerance of these plants in the first planting date.
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2 and 3- Professor and Associate Professor, respectively, Faculty Member of Department of Agrotechnology, College
of Agriculture, Ferdowsi University of Mashhad, Iran
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Conclusions

Freezing stress decreased survival percentage and recovery of garlic ecotypes. In the first planting date
Bojnurd and Torbat-e Heydarieh ecotypes had a better survival percentage and Khaf and Neyshabur ecotypes
had lower survival percentage while in the second planting date Khaf and Neyshabur ecotypes had higher
survival percentage than Bojnurd and Torbat-e Heydarieh ecotypes. Also, results of LTsy, indicated that
Bojnurd and Khaf ecotypes had higher freezing tolerance in the first and second planting date, respectively.
Different reactions of garlic ecotypes at various stages of stress may be due to their genetic characteristics and
geographic origin. In terms of recovery (height, leaf area and dry weight), the plants of the second planting date
had more height and dry matter, as well. Based on the RDMT 5, and RLAT 5, moreover, Bojnurd ecotype in both
planting date and Khaf ecotype in the first planting date were recognized as most tolerant and sensitive ecotypes,
respectively.

Keywords: Cold stress, Dry weight, Planting date, Recovery, Survival percentage
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Table 4- Mean comparison interaction effect of seed size x priming on some physiologycal characteristics of onion in

experiment treatments
; P, Water Relative water 7o Sy oyl 50
Seed size Priming . Harvest index .
consumption content (%) Growth ratio
(m*.ha?) (%)
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Mean in each column and treatment with the same letter are not significantly different at 5% of probability level-using Duncan’s
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Table 5- Mean comparison interaction effect of seed sizex Primingx cultivar on plant characteristics of onion

Cldpae gl Sldpan )8 . Y P 3 2
; < : e S (R, 5! ;
s ejlad e 55 o A Plant received T
Seed size Priming Ecotype Bulb water use  Biomass water use energy Bulb production
efficiency efficiency (h) energy
(kg.m”) (kg.m®) (kcal/100g)
3 .
sl Azarshahr 2.28 abe 4.99i 728.70a 42.28 abc
Control ob; 1.99def 4.00hi 679.04abcde 41.03hi
Zarghan
eiydl -
S pin A 2.99 4.54hi 697.71abcd 42.49 abe
Hydro priming o8 3.1abc 4.84cdefg 680.66abcde 42.69abc
53 Zarghan
Small IR .
sy Azarshr 3. 6¢def 4.97ghi 620.67bcde 40.36cdef
KNO o8 3.76ab 5.20defgh 694.16abcd 41.16ab
Zarghan
A0
oY Azarshahr 3.84abe 6.97cdefg 703.70ahc 42 44abc
Folammin oBy;
Zarghan 3.94ab 6.77bcdef 644.52abcde 41.54ab
23 2.40cdef 6.74fghi 643.10abcde 43.40cdef
Azarshahr
Jals s
[ShD)
Cont Zarghan 2.5def 6.54efgh 709.49ab 43.5def
c 26553 3.04ef 6.89¢fgh 684.85abcde 43.54¢f
Ssoslpgyen Azarshahr
. Hydro priming o 3.13cdef 6.69cdefg 667.09abcde 43.13cdef
buwgie Zarghan
Medi . o
e 26553 3.71bcdef 6.62bcde 658.33abcde 44.11bcdef
oy ol s Azarshahr
KNO, . OB); 3.94abc 6.72bc 609.71de 49.21abc
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Oeegb Azarshahr 3.99abe 6.99b 607.82de 50.49abc
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Large o
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Mean in each column and treatment with the same letter are not Significantly different at 5% of probability level-using Duncan’s
Multiple Range Test.
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Introduction

Seed priming is widely used for enhancing seedling performance by improving the rate and uniformity of

germination and decreasing seed sensitivity to external factors. Several types of seed priming are commonly
used: Hydro-priming, halo-priming, osmo-priming, thermo-priming, solid matrix-priming and bio-priming. Seed
size is another factor that can affect seed germination and seedling establishment. Seed size is an important
physical indicator of seed quality that affects vegetative growth and is frequently related to yield, market grade
factors and harvest efficiency. The effect of seed size on germination and following seedling emergence has been
investigated by many researchers in various crop species/ cultivar. In the present study, impacts of different pre-
sowing treatments and seed size on biomass yield, water use efficiency and some ecophysiological
characteristics of onion ecotypes in an ecological agroecosystem were investigated.

Materials and Methods

In order to investigate the effects of different pre-sowing treatments and seed size on biomass yield, water
use efficiency and some ecophysiological characteristics of onion ecotypes, a field experiment was conducted in
2012-2013 cropping season at Agricultural and Natural Resources Research Center of East Azarbayjan, Iran.
This experiment was a factorial experiment based on a randomized complete block design with three
replications. Experiment treatments included priming at four levels: hydropriming, osmopriming (in %2 KNOs),
priming with flamin amino acid (in 2%) and control (without priming). Seed samples of the two cultivars were
sieved by slotted screens and placed into three groups of seed diameter size, including small, medium, and large
and ecotype at two levels, including Red Azarshahr and Zarghan. Following characteristics such as biomass
yield, bulb water use efficiency, biomass water use efficiency, water consumption, relative water content,
stomatal conductance in bulbing and bulb filling stage, productivity score, harvest index, growth ratio, bulb
production energy value, plant received energy value, bulb production energy value were measured.

Results and Discussion

Results of field experiment showed that seed priming improved the biomass yield and ecophysiological
characteristics of onion of both ecotypes. The highest biomass yield (105.98 ton.ha™), bulb water use efficiency
(4.98 kg.m?), biomass water use efficiency (13.30 kg.m®), harvest index (%82) and relative water content (%86)
belonged to priming with flamin amino acid, respectively and the lowest were achieved from control plants.
Mean comparison indicated that the higher values of biomass yield, bulb water use efficiency, biomass water use
efficiency, harvest index and relative water content were obtained from large seed size 100.33 (ton.ha™), 4.88
and 13.30 kg.m®, 80 and 85 percent, respectively and the lower level were found for small seed size. Based on
the results there were significant differences between ecotypes in all studied traits. Moreover, mean comparison
showed that the highest amount of biomass yield, bulb water use efficiency, biomass water use efficiency,
harvest index and relative water content were obtained from Red Azarshahr ecotype 100.40 (ton.ha™), 4.80 and
13.15 kg.m?, 81 and 91 percent, respectively and the lowest of it were found to Zarghan.

Conclusions

According to the results mentioned above, seed priming treatments improved biomass vyield and
ecophysiological characteristics as compared to the unprimed. Among different treatments, seed priming with
folammin amino acid 2% was more effective than the potassium nitrite 2% and hydropriming. Large seed size
significantly increased the biological yield and ecophysiological characteristics. Accordingly, the importance of
seed priming and seed grading were obvious in this study, so seed priming with flamin amino acid 2% and large
seed size should be used for onion planting in order to ensure high biomass yield, and to improve
ecophysiological characteristics of onion. Therefore, priming with flamin amino acid 2% and large seed are
recommended for onion cultivation under the same environmental conditions with the experiment.
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Table 2- Analysis of variance (mean of squares) on quantitative traits of black cumin in different intercropping ratios with

fenugreek
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ns and **: Non significant and significant at p<0.05, respectively.
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Table 3- Means comparisons for the effect of different intercropping ratios with fenugreek on quantitative traits of black

cumin
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F and B: are fenugreek black cumin, respectively.
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* Means without different letters in each column are significantly different based on LSD at 5% probability level.
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Table 6- Analysis of variance (mean of squares) for partial and total land equivalent ratio (LER) in different intercropping
ratios of fenugreek with black seed

S gl dlilany ailobws (S mes Splp S Al S3a o Sl Comd S (e Sl o
S.0.v d.f Partical LERjack seed Partical LERfenuareck Total LER
S - 2 0.003130 ns 0.026267 ns 0.044280 ns
Replication
et 3 0.232863** 0.064546* 0.007663 ns
Treatment
L 6 0.000920 0.009075 0.010041
Error

R - ) 13. A4
CcV (%) 6.3 33 8

oy oy Jleisl o 53 )1 gise g )b ime g o iy T g NS
ns and **: Non significant and significant at p<0.05, respectively.
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Table 7- Mean comparisons for the effect of intercropping ratios of fenugreek with black seed on partial and total land
equivalent ratio based on seed yield

O ) Sy S

bgldeo CulS Com O3 O Sy S ot & oo v o

. &130buw . I omej 2 o
Intercropping Partial LER of black EYN o) Total LER
ratio artia cumino ac Partial LER of fenugreek

100% F + B %25 0.25 c* 0.87 a 112a

100% F+ B %50 0.42b 0.80 ab 1.23a

100% F + B %75 0.61la 0.62 bc 124a

100% F + B %100 0.63a 0.56 ¢ 1.19a

F and B: are fenugreek black cumin, respectively.
A oy iy Sl o )3 (65 gxe BB gl s xe M3 JBlis ygeil olul s gt ym p3 S yidie gy 4Bl o Sikio
* Means with different letters in each column are significantly different based on LSD at 5% probability level.
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Introduction

Medicinal plants are looked upon not only as a source of affordable health care products but also as a source

of income. There is a growing demand for plant-based medicines, health products, essential oils, fragrances,
cosmetics and natural aroma chemicals in the markets. Cultivation of medicinal and aromatic plants has several
advantages such as higher net returns per unit area, low incidence of pests and diseases, improvement of
degraded and marginal soils, longer shelf life of end products and foreign exchange earning potential.
Intercropping is a multiple cropping system that has been practiced for many years in various methods in most of
the regions. It has played important roles in the redistribution of soil nutritional resources and establishment of
soil microbial diversity. Legumes have been intercropped with medicinal plants for many years. Land equivalent
ratio (LER) is often used as an indicator to determine the efficiency of intercropping. It is the most common
index adopted in intercropping to measure the land productivity. The objectives of this study were to determine
the effects of black seed (Nigella sativa L.) intercropped with fenugreek (Trigonella foenum-graecum L.) in
additive series on their yield and yield components and LER.

Materials and Methods

An experiment was performed based on a randomized complete block design with six treatments and three
replications at the Agricultural Research Station, Ferdowsi University of Mashhad during growing season of
2015-2016. Intercropping ratios were 25% B (black seed) +100% fenugreek (F), 50% B+100% F, 75% B +100%
F, 100% B+100% F and their monoculture. Studied traits were the number of branches per plant, the number of
follicles per plant, the number of seeds per follicle, 1000- seed weight, seed yield, biological yield and harvest
index for black seed and the number of branches per plant, the number of pods per plant, the number of seeds per
pod, 1000- seed weight, seed yield, biological yield and harvest index for fenugreek. LER was calculated as the
criterion for intercropping.

The treatments were run as an analysis of variance (ANOVA) by using Minitab to determine if significant
differences existed among treatments means. Multiple comparison tests were conducted for significant effects
using the LSD test.

Results and Discussion

The results showed that the different intercropping ratios of black seed with fenugreek had significant effect
on the number of branches per plant, the number of follicles and pods per plant, the number of seeds per
follicle/pod, seed yield and biological yield. The highest and the lowest seed yield of black seed were observed
for monoculture and 25% black seed+100% fenugreek with 291 and 107 kg.ha™, respectively. The maximum
and the minimum seed yield of fenugreek were related to its monoculture and 100% black seed+100% fenugreek
with 655 and 363 kg.ha™, respectively. When the two plants are grown together, yield advantages occur due to
their differences to use resources.

LER of the black seed/ fenugreek intercropping system ranged from 1.12 to 1.24, and thus land use efficiency
was significantly enhanced by this intercropping system. LER was much higher than one in all of the
intercropping ratios, indicating the intercropping yield advantage. The maximum LER was calculated for 75%
black seed+100% fenugreek with 1.24.

Conclusions

Fenugreek intercropped with black seed showed a significant increase in yield, yield components and LER. It
has been proved that the effects of intercropping by its involvement in improved soil chemical characteristics,
increased nitrogen content (nitrogen biological fixation) has greatly contributed to agroecological services. It can
be concluded that intercropping of fenugreek with contributed to productivity increases per unit area of black
seed.
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Figure 1- Effect of Luteolin at different concentrations on the induction activity of nod genes in R. meliloti in alfalfa. The
extended bars represent +standard error.
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Figure 3- The effect of inducers and salinity on sodium content of alfalfa leaves
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Table 1- Analysis of variance for the effects of salinity and inducers on some traits of alfalfa

Shoot dry Root dry - The number Chlorophyll

SYOAY) d.f weight weight Height of nodule Chlorophyll a b
Rep 2 0.049 0.088 76.53 15.38" 46.54" 390.12
Salinity (S) 1 1.977 5.23"7 8738.26" 10479.26™ 3529.53” 2189.19”
Inducers (T) 3 0.22” 0.39** 181.52" 4775.03” 11.13™ 134.24"™
Alfalfa cultivars (V) 1 0.007™ 0.022"™ 6.20™ 10.01™ 29.34™ 99.87™
Strain of Bacteria (R) 1 0.023™ 0.067™ 46.62" 10.01™ 24.76"™ 101.98"™
ST 3 0.074™ 0.16" 78.94” 253.87" 19.04"™ 139.64"™
SxV 1 0.002"™ 0.015™ 11.76™ 2.34™ 14.17™ 87.65™
SxR 1 0.006™ 0.057™ 102.30” 2.34™ 17.56™ 127.85™
TV 3 0.035" 0.094" 10.58™ 3.95™ 23.24"™ 132.76"™
TxR 3 0.007™ 0.009™ 3.40™ 3.01™ 18.45™ 87.53™
VxR 1 0.007™ 0.005™ 17.001"™ 3.76™ 10.81"™ 90.73™
SxTxV 3 0.021™ 0.05™ 15.96™ 2.01™ 34.45™ 152.63"
SxVxR 1 0.021™ 0.002"™ 12.9" 0.01™ 21.65™ 138.98"™
SxTxR 3 0.001™ 0.009™ 88.26™ 0.39™ 15.17™ 78.54™
TxVxR 3 0.010™ 0.017™ 22.18™ 0.59"™ 29.54"™ 134.74"™
SXTxVxR 3 0.010™ 0.045™ 1.43" 2.12™ 30.18™ 149.23"
Error 62 0.012 0.029 10.39 3.28 44.17 99.01

oiine NSl 3929 pie 9 00,3 0 5 | e 53 I giae BB syt ™ 5

)

*, ™ and ™: significant at 1% and 5% levels of probability, and non- significant, respectively
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Table 2- comparison of some traits of alfalfa under salinity and inducers

Shoot dry Root dry Heiaht The Chlorophyll a Chlorophyll b
Treatments weight weight ( cr%) number of content content
(g.plant™) (g.plant™) nodule (mg.g FW? (mg.g FW?
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S1sE\ViRm 0.03¥ 0.04 % 4259 8.00°¢ 0.32° 0.29°
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
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Introduction

Luteolin is one of the most important flavonoids, which release from seeds during the first four hours of

imbibition. On the other hand, at present, salinity is one of the most important factors in reducing crop
production. The results of some studies show that the use of external flavonoids increases expression of nod
genes, yield and nodulation in some legumes species under stress conditions. Therefore, this experiment was
conducted with the aim of investigating the effect of luteolin and alfalfa seed exudates external inducers on the
expression of Rhizobium nod gene and the yield and nodulation of alfalfa in normal and salinity condition.

Materials and Methods

We studied the effect of luteolin on the induction of nod genes in R. Meliloti carrying a plasmid with a
translational fusion between R. Meliloti nodA and lacZ of Escherichia coli, and the expression activity was
measured by B-galactosidase activity. Luteolin strongly induced the expression of nod genes inhibitory effects.
We further studied the effect of luteolin and Seed exudate on alfalfa (Medicago sativa L.) yield and nodulation
under optimal and salinity condition. One greenhouse was conducted to determine whether the pre-incubation of
Rhizobium meliloti with luteolin and application of luteolin and seed exudate directly on to the seed surface can
increase alfalfa nodulation and yield. The factorial experiment was arranged based on randomized complete
block design, with three replications. Treatments were two cultivars, two bacterial strains (Sensitive and resistant
strains), two levels of salt (0 and 15 dS.m™ of NaCl) and two levels of application of inducers along with control.

Results and Discussion

The results from this experiment clearly indicated that inoculation of alfalfa seeds with luteolin and seed
exudate increase alfalfa nodulation (47%) and yield (30%) significantly under salinity condition that these treats
affect on traits more under normal condition. But significant effect was not observed on chlorophyll content. In
this experiment a significant difference was not observed between the control and pre-incubation of R. meliloti.
Also, salinity increased proline four times compared to normal condition. Luteolin and seed exudates increased
proline 1.66 and 1.35 times respectively in salinity condition, but under normal condition they did not have
significant effect. Salinity increased the content of sodium in the leaves (7 times) and roots (8.5 times) and
decreased the content of potassium 29% and 24% in these organs of the plant, respectively, that, luteolin and
seed exudate partially moderated these changes.

Conclusions

The results of this experiment indicated that luteolin and seed exudate can be used as exogenous inducers to
improve the growth and nodulation of alfalfa under salinity and normal condition. Flavonoid inducers act in low
concentration, and their negative effects relate to reduced germination and growth. In general, it seems that the
application of flavonoid inducers is more suitable to improve nodulation, but the direct application of them in
agriculture should be used only in specified cases and when flavonoids are as a limiting factor.
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Table 1- Physical and chemical properties of the soil experimental site

o e Mg i B L -
S (9% oc g Ecrig?  SHest SLge
Total N (%) eutralizing pH (ds.m?) Soil Soil depth
(%) > material texture (cm)
(%)
0.036 0.36 25.25 7.8 0.47 Loam 0-30
0.036 0.36 25.75 7.8 0.58 Loam 30-60
olejl Joro SB yolis Hladio -Y Jouo
Table 2- The amount of soil elements of the farm experimental site
Mg.kg™
Fe Zn Cu K P S Ges
Soil depth (cm)
7 0.88 0.96 219 29.4 0-30
6.2 1.04 1.08 220 20.6 30-60
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Table 3- Analysis of variance for three-year yield of alfalfa fresh and dry forage in under studied ecotypes

Sl o (1o
Ol gty 2slio &3l as M.S
XOAY d.f 5 adgle Suid adgle
Fresh forage Dry forage
b 2 2356.72%%  114.32%
Year
Jb s 6 30.07™ 2.12"
Year x Replication
o 2 269.63** 18.05**
Cutting
Jox oz 4 52.49" 3.60°
Year x Cutting
< sl 12 23.85 1.83
Error (a)
% 1 3.29" 0.010™
Cultivar
b ) 2 5.36™ 0.300™
Year x Cultivar ' '
0% ) ns ns
. . 2 1 7
Cutting x Cultivar 313 0.739
Jlo X o Xeb)
L . 4 1.507™ .389™
Year x Cutting x Cultivar 50 0.389
o ulbs
18 1.89 0.23
Error (b)
3_95_ 5 209.158** 12.63**
Fertilizer
s 10 3.52" 0.32"
Year x Fertilizer
F o 10 4.85™ 0.362"
Fertilizer x Cutting
Jl o Xb5§ ns ns
Year x Cutting x Fertilizer 20 536 0.354
355 Xe) 5 3.579™ 0.244"
Fertilizer x Cultivar
Jlox o8, 255 10 1.13" 0.119"
Year x Cultivar x Fertilizer
X ) x 395 ns ns
Cutting x Cultivar x Fertilizer 10 2.020 0.159
JUo X X8y X398 ns ns
Year xCutting x Cultivar x Fertilizer 20 149 0.116
s 180 3.65 0.224
Error
CV% 21.6 23.1

DSl ey ime pf g AV paw D (390 45 dme oaimd )l 354y NS § <K
**and ns means significant at level of 1% and no significant respectively.
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Table 4- Mean comparison of different treatments on fresh and dry forage production

Syl adgle
Forage production (ton ha)
5 adgle Suis adgle
Fresh forage Dry forage

2012 19.26¢ 4.92¢
Jus 2013 4578a 10.56a
Year 2014 40.14b 9.96b
Js 31.64b 7.65b

First
o p9> 40.50a 9.90a

Cutting Second

o 33.15b 7.99b

Third
P0-RO(Check) 29.34¢e 7.20d
. PO-R1 32.19d 8.10c
3 slales P120-RO 37.98b 9.15b
Fertilizing P120-R1 45.42a 11.07a
treatments P65-R0 30.93de 7.32d
P65-R1 34.56¢ 8.04c
) ey 34.77a 8.49a

o) Rehnani
Cultivar Sen 35.4a 8.46a
Hamedani ' '

Sy oSl gl elel g (X0 paw p3) ()b dme BMBI g ya > Syde B Kb odhel Jole ya gy g gte a2
In each group and each factor, means followed by the same letters in each column are not significantly different (in level 5%) by
Duncan’s test.
‘5.,\.:0 ») d)..a.a :R1 9 d,\_w).:) d).m.n pis RO g).é.u..é )L'.'S\h » F;,LS \Y- P120 E)b.uaé )L'.'S\m BEl F)f}l.,_f;'a P65 g).é.u.é .)95 U?‘b PO
PO: no phosphorus, P65: 65 kg.ha™* phosphorus, P120: 120 kg.ha™* phosphorus, RO: no micronutrient and R1: with micronutrient.

09 ©aldl Cle (pizman Cunl 039 a8 (dn (Sl Sl 4 S
Hlhan plase ) Jlo 93 53 54 3 Sloe jui5 poe g 4l )50
a oS assh ol 3o et ple Coly 93 cpl g e bal i
wleS 5 Slas glial g 90 9 00 2 hame Jolgs 36wl >
Ul oo Lo Cilis Lyl )3 digy b Sluoguas 5 3,Slas
.(Bolanos et al., 2000) sl cglize
(5955 ot 45 350 o] S LauSilie Aunli o
Fo il dste L olyon jad S )3 0S5k WY Bpas
2l 4o cad ) g oYL s Slee b (P120-R1) o gz
e o 2ol Jlas & Cund gy g il g5 ooy
S5 5 5o 155 Jgiz) 3 ol Ll 2oy 14D
Lacsdne o) 38 (g jhud JLSo 13 p)SokS WWe Bpas jlos
23809k Giler dop 85 18 g oKl > (P120-RO)
Oygmodey (Gafyy Byaae olyen 4 IS 13 Sl W2 los
o e 35 L1y 395 6,5y (PL20-RI) (sl Jy bns
3 S )8 Lajlas ple 3l i jl dne & ygods (Ao )yd AD/YY)
395 sldie (ppide 3p)LS &S A3 e (LS @S ol F Jg2)
Glro iy sodsS l odlatwl ol jor 4y (HliSa 13 p)TSIY ) Haud

9o Lo gdaoiy jl oolawl a0l Lis (6,500 Baizs

.(Mehnatkesh, 2005) 15,3 4504 3 Sles (gauo)d Vo i3l
Gy ddgle e o il as ol L o Slas 1SSl dulio
P oS YO/ g VIV L ey Sl g (Sl cuisS] 90
W S_id digle JSa 3 o5 YOITA 5 YOIFY W5 4 5 ddole LS
Ao cpl (¥ Jodn) L)l 148 09,5 S5 50 b e BB e
Jlo Oly o dy Cod 409y CaigST 90 (JS )0 &5 dad o lis
DSy gise sy yolis 5 (Bpan jand polhe g )0
A0 Jgi2) bl 455 Joio guls b losls plis LSy
2635 sl g &b Jlia 59 9 Mg b Gl 9y 2 Jle
as Mg N cp i oS ol L b )1l dunlie g b5 ize
039 (e (5 Joi2) 392 pow 9 p9d Gl 4 barpe ey
500 Jlus 93 51y pgd Jluw 53 £, 5 Y/AY jlide & &l i
ol Jlo o 0 Siailes do s (6pS0jlnl el covsay b yialejl
255 bty 5 0 (F Jpi2) 235 Joiee ol 2 Jlo 5145 3
1 5l50 (g 9 )h 9 (gl Jlo 53 ol oS il pas &



PV absle s ,Slas 1 sihosny polis (30 Jolno 3 sihand b po ooy 2

ol s 5150 (Siadle so)d 55y i ST
5 Sy sl i it gl lopSibe 5 085 o sine
= eS| Pl Cpioman el Candts A+/AY g do > VD Slaen
(Fdosz) 2t Jlo(me s Jl5n ()9 9 oMy ) (i 59
g bwgio Ly cud oy (o) 5 Shen slacaisS] a5 sboay
g YIAY 5ly Jlia 59 9 Jlo o )liSa 3 p,56lS FAY 4 YAV 4
elye o ame buly 3 oy ai8)S )8 05,5 Sy 3 )5 VA
SiPnid G 2 38 =hi CBSES § (S5 Cluogad wile
aomig o 0 Sdas lial g 3 Shes a3 9 0lS Jio g5
AP Ojs Sl o929 nl b (Sengul, 2006) Kgi o Bly Sge
Sy g (Shen wxig 18y 93 (Sl 2o g 5 Sles ally
ol 0355 Sy Calises (sl o ol 5o

ol i il Lajlogs poluw dny Coad 1) 4ds WJg5 o iy
s Sl dopd Gl g ey )h 3ySles deie > (gdie)
oili8l 5l (S ailie clddllas oS glaigSa Cosl odpwy Sl
Al-) 35y (g305) 5 yaud slodgS jl ool )3 axdgy )4y AJgS
| as > (Kahtani et al., 2017; Zhang et al., 2014
895 9 OBl (e ctlse 55ie g1 gikesy polis By
453 Ui ol b () 59 3)Sdes 5 (Sialer dop
o> il czge homr 9 (dadge S odd 3l polis (e Sl
Sdsofyy polie Gyae dgxg (ul b3S )d 5o 9 (Sl
Aty o asls olaws Jolds jio o Sles lin! daupe rge 500
Du et ) uis b 19,0 ydy dlawi 5 5oyl (slaadli sl cpdaw

(al., 2009

axllo 3590 (SLcigST 45 dxigy Ald 415 (159 9 Aol 098 (Sg ) Alw dw (il lg 4505 -0 g
Table 5- Analysis variance of three-year of alfalfa seed production, seed vigor and 1000-seed weight in under studied ecotypes
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Ol S 2ol @33l 4y sy s Sl woyd &> 45 43s
s.o.v d.f Seed iéld Seed 1000-grain
y germination weight
\;Jeb;r 2 255407.69** 4.55™ 0.119**
Jo x )l’_x . 6 9514.32™ 11.67™ 0.007™
Year x Replication
"’9_) 1 3104.08™ 10.32™ 0.00001"™
Cultivar
Jbox o8 2 17833.52" 22.25™ 0.010™
Year x Cultivar
<l s 6 14255.1 20.42 0.011
Error (a)
> 5 257532.50%* 92.62%* 017"
Fertilizer
o X35 10 44253 4.23™ 0.018"™
Year x Fertilizer
e 5 7873.08™ 5.30™ 0.005™
Fertilizer x Cultivar
Jlox 4z ly x 398 10 5594.66" 5.30™ 0.012™
Year x Cultivar x Fertilizer
s 60 9210.4 5.75 0.22
Error
CV% 12.3 35 4.6
Al eyl gme pf g AN o 13 (09 43 xe s dimdLiS (o3 5y NS g *F
** and ns means significant at level of 1% and no significant respectively.
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Table 6- Mean comparison of different treatments on seed yield, 1000-grain weight and seed vigor

LN PPRY als I 059 » g }:‘9?
. . ee
Seed yield 1000-grain L
(kg.ha)) weight (g) 9”“2;‘3“0”
- 2012 395.33b 2.76D 91.26a
2013 546.69a 2.87a 91.64a
Year 2014 535.05a 2.81b 90.93a
P0-RO (Check) 336.27e 2.75a 88.95¢
s PO-R1 41d 279 90.52bc
&35 sloles P120-R0 536.05b 2.87a 92.54b
Fertilizing P120-R1 689.11a 2.98a 95.12a
treatments P65-R0O 459.61cd 2.73a 89.46¢
P65-R1 512.11bc 2.77a 91.06bc
) Sty 487a 2.82a 91.59a
©8) Rehnani
Cultivar hon 498a 2.819 90.97a
Hamedani

By S eeil el g (40 aaw ) sy GME! gt Spie G K b sl Jele i gl g 09,5 n 5
In each group and each factor, means followed by the same letters in each column are not significantly different (in level 5%) by
Duncan’s test.
Gdae 3y Bpas R g cdrogyy By pac (RO aud iSa 13 6,55l VYo PL120 jans 1S )5 p,56lS #0 :PE5 ()b 555 o5 PO
PO: no phosphorus, P65: 65 kg.ha™* phosphorus, P120: 120 kg.ha™* phosphorus, RO: no micronutrient and R1: with micronutrient.
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Introduction

Alfalfa (Medicago sativa L.) is known as the most valuable forage in the world due to its resistance to

drought, the high quality of forage and high adaptability, high shelf life and high protein. Desirable nutrition of
alfalfa is one of the key factors in the quantity and quality of seed and forage production. In alfalfa production,
optimum nutrition is one of the key factors in the growth and development of the product and has a direct effect
on the yield of forage and seed. The provision of phosphorus and micronutrient elements of soil in order to
balance the nutrients of soil plays an important role in quantitative and qualitative improvement of the product,
and it is necessary to carry out a comprehensive research on alfalfa. The purpose of this study was to investigate
the effect of different levels of phosphorus and micronutrient fertilizer on quantitative and qualitative yield of
alfalfa seed and forage.

Material and Methods

In a three-year research (2011-2014), the effects of using phosphorus and micronutrients including iron,
manganese, copper and zinc on quantitative and qualitative characteristics of seeds and forage production of
alfalfa were studied at Golpayegan Research Station Isfahan province. For this purpose, using a split- plot
experiment based on a randomized complete block design with three replications, the effect of two alfalfa
ecotypes (as the main plot) and 6 levels of phosphorus and micronutrient fertilization (as a sub-plot) on the yield
of seed and forage production was investigated. The main plots were consisted of alfalfa Hamedani (V1) and
Rehnani (V2) and sub plots (sub-treatment) were included phosphorus (P,Os) at three levels: zero (P0O), 65 (P65)
and 120 (P120) kg.ha®, and micronutrient elements in two levels of no applied (RO) and micronutrient
application as spraying (R1). Parameters were measured, including forage weight, dry forage weight, seed yield,
1000 seed weight and seed vigor percentage. In the first year, there were two cutting for forage and one for seed
production, in the second year there were three cutting for forage and one for seed production, and in the third
year there were three cutting for forage production and one for seed production.

Results and Discussion

The results showed that there was no significant difference in forage production, seed yield, 1000 seed
weight, and percentage of seed vigor between two ecotypes of alfalfa, and the averag}e yield of forage and seed in
Hamedi and Rehnani ecotypes was 35.40 and 34.77 ton.ha™ and 498 and 487 kg.ha™ respectively. The year had a
significant effect on the yield of fresh and dry forage, seed yield and 1000-seed weight. Also, the maximum of
these traits were observed in the second year. The effect of the year on vigor seed was not significant.
Comparison of means showed that P fertilizer application of 120 kg.ha™* with micronutrient spraying (P120-R1)
had the highest seed production and increased of 105% compared to control treatment. The application of 120
kg.ha™* phosphorus without micronutrient application was in the next place. The percentage of seed vigor in the
treatment of 120 kg.ha™ P, with the micronutrient application (95.1%) was significantly higher than other
treatments.

Conclusions

In this three-year research, the study of the use of phosphorus and micronutrients on fresh and dry forage
yield and some quantitative and qualitative characteristics of seed produced in two alfalfa ecotypes was carried
out. The results showed that the highest amount of forage production with the amount of 42.45 ton.ha™ and the
highest amount of seed produced with the amount of 689 kg.ha®, belonged to the treatment 120 kg.ha™
phosphorus with micronutrient spraying.

Keywords: Fertilizer, Hamedani ecotype, Rehnani ecotype, Vigor seed, 1000-seed weight
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2017-2018

S a8 )50 S o lboni 9 (S5 Cluogad - Joua

Table 1- Physical and chemical particular of research station soil
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0-20 Silty loam 7.45 0.32 0.067 1.15 0.84 8.45
20-40 Silty loam 5.26 0.24 0.052 0.93 0.46 8.64
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Means followed by similar letter(S) are not significantly different at 5% probability level using Duncan’s Multiple Range Test.
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Figure 3- Interaction effect between tillage system and tomato residue on soil water content in 0-20 cm depth two days after
4th irrigation
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Means followed by similar letter(S) are not significantly different at 5% probability level using Duncan’s Multiple Range Test.
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Means followed by similar letter(S) are not significantly different at 5% probability level using Duncan’s Multiple Range Test.
0% of residue L& .5
0O 30% of residue Ly ks
W 650% of residue LA /s, ki

40 ab

1000 grain weight (g)

(@,5) ails Yere 439

Jalie adly fals

Conventional Reduced
(5305515 il
Tillage system
WI> )13 (339 2 (N BarsS Ll g (55,9 i Jilie H1-T UK
Figure 6- Interaction effect between tillage system and tomato residue on 1000 grain weight
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Introduction

Soil is one of the most important components of production, food security, self-sufficiency and national

economy. Soil of semi-arid regions, which most of Iran's agricultural lands are located in these areas, are poor in
terms of organic matter. The soil tillage operations are carried out by means of moldboard plow and removal of
plant residue in most of the agricultural systems. This operation, called conventional tillage, requires not only
high energy but also damages to soil physical properties and erosion in the long-term. Conventional tillage does
not provide good environmental conditions to maintain moisture in the soil due to the impossibility of managing
plant residue in the soil surface. In addition this tillage increases the evaporation and losses of soil water content
and reduces the soil organic carbon as a result conventional tillage reduces the physical, chemical and biological
characteristics of the soil. The objective of this study was investigation of effect of conventional and reduced
tillage systems and management of tomato residue on soil water content, yield and yield components of wheat.

Materials and Methods

The experiment was conducted as split plot based on randomized complete block design with three
replications at the Agricultural Research Station, Ferdowsi University of Mashhad, during growth season 2017-
18. Tillage system (in two levels i.e. conventional and minimum tillage) and tomato residue retention (0, 30 and
60%) were in main plots and sub plots, respectively. The sowing date was 11™ November in 2017.Sampling was
done at harvest time and included plant height, spike number.m, spike length, grain number per spike, 1000
grain weight, grain yield, biological yield and harvest index. During the growing season, soil water content in O-
20 and 20-40 cm depth was measured by the soil moisture meter (PMS-714 model) two days after irrigation.
Data were analyzed with R software; obtained averages compared with Duncan’s multiple range test at the 5%
probability level.

Results and Discussion

The results showed that the effect of tillage system was significant on soil water content in 0-20 cm depth
two days after forth irrigation, soil water content in 20-40 cm two days after fifth, sixth and seventh irrigation,
spike number.m, grain number per spike, grain and biological yield. Maximum of this traits were obtained in
reduced tillage due to increased soil nutrition, improved physical condition of the soil and soil water status.
However, the effect of management of tomato residue on any of the studied traits was not significant. This could
be due to reducing microbial activity, in complete decomposition of plant residues and reducing available
nitrogen.

The interaction effect between tillage system and tomato residue was significant on soil water content in 0-20
and 20-40 cm depth two days after forth and third irrigation, respectively, grain number per spike, 1000 grain
weight and grain yield. Reduced tillage and 60% of tomato residue showed that maximum of soil water content
and 1000 grain weight (38.4 g).Maximum of grain number per spike (61.9) and grain yield (7120. 7 kg.ha™)
were obtained in treatment of reduced tillage and 30% of tomato residue.

Conclusions

The results of this study indicate that in order to achieve maximum grain yield and less damage to the
physical and chemical properties of soil, the implementation of reduced tillage and maintenance of 30% of
tomato residue is recommended in the studied area. In general, due to climate change and water resource
constraints in the country, conservation tillage and residue management practices are a good way to maintain
resources and sustainability.

Keywords: Conservation tillage, Minimum tillage, Soil moisture, Tomato residue
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Figure 1- The average monthly rainfall and temperature during the growth period
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Table 3- Two way interaction of irrigation and foliar application plant height and oil content

Y ol glme g gl 09y Moy
Irrigation Foliar application Plant height (cm) Oil percent
(1aL3) ! 137.0b 421b
Water (Control)
_ $3yllge -/ 139.2b 4250
bl aad o Zn So, 0.004
Without water holding JIPHEIPWIRYERA § 146.1 a 43.3 ab
+ Mn So, 0.004
35 Slilgurt g9y Sldlgus 1453 a 439a
Zn So, 0.004+ Mn So, 0.004
(103) 103.1b 345D
Water (Control)
lilgus /- +¥
dn d (23S Ay | )bl glad 623:13093 004 108.0a 353b
Water holding at flowering o lj [
stage Fecdlgn 102.9b 38.7a
+ MnSo,4 0.004
F5e Slilgurt 59y Sldlgus 104.8 b 39.0a

Zn So, 0.004+ Mn So, 0.004

Aisb e 2o yd O aw y3 () e (lal U] 336 LSD 9051 51 onlisasl b oS ydo By K 8l gy slogpuSilio ygi yb
Values within the each column and followed by the same letter are not different at P < 0.05 by LSD test.
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Table 4 Two-way interaction between irrigation and cultivar on physiological traits, vield and vield components
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Introduction

Development of new canola (Brassica napus L.) varieties need effective tools to monitor characterizes

association in yield and its components. Although, determination of the response of oil seeds cultivars to
environmental variables is one of the principal of agriculture planning to achieve maximum qualitative and
quantitative yield. Water deficit stress and sufficient nutrition are the most important factors limiting yield
production by changing the physiological processes of the plant. Iran is considered as the arid and semi-arid with
average rainfall of 250 mm. On the other hand, 33% of agriculture land is devoted to dry cultivation. Water
deficit by affecting on vegetative and reproductive growth period and balance between them will change yield
and product quality.

Materials and Methods

In order to study the responses of three winter canola cultivars to late season drought stress and foliar
application of Mn and Zinc sulfate fertilizer on physiological, morphology characteristics and yield, a split
factorial experiment was carried out based on randomized complete block design with three replications in 2017-
2018 at the Karaj province. Irrigation in two levels, normal and water holding at flowering stage to next, foliar
application in four levels, sprayed with water (control), foliar application with zinc sulfate, foliar application
with Mn sulfate, foliar application composition with zinc sulfate and Mn sulfate (each of them was with
concentration of four per thousand) both in main plot and three cultivars included Nima (control) and two new
lines KS7 and R15 in sob plot. Foliar application was applied during the stem elongation stage. When the 50% of
pod appeared total chlorophyll and leaves carbohydrate solution content was measured as index of drought stress
damage. Eight traits were measured on 10 random plants per plot. The traits were plant height, number of pods
Iplant, number of seeds/pod, 1000 seed weight, seed yield, biomass yield, oil percentage and oil yield.

Results and Discussion

The results showed all characteristics significantly were influenced by water holding and foliar application.
Interaction of water holding and foliar application was significant in attributes of plant height and oil content.
Main effect of cultivar and interaction of water holding and cultivar were significant in all treatment except oil
content. Due to water holding increasing in soluble carbohydrates and reducing the concentration of chlorophyll
was occurred. The yield components of canola because of irrigation disruption decreased which leads to lower
grain and rapeseed oil yield. The results showed that in normal irrigation, the highest seed yield (5168 kg.ha™)
oil yield (2244 kg.ha™) and water use efficiency (0.99 %) were related to R15 line but in water holding condition
the Nima cultivar obtained the highest achievements. In complete irrigation, foliar application of the two micro
elements increased the traits studied. Most of the seed oil yield (1728 kg.ha), the weight of one thousand seeds
(3.21 g), biological yield (15675 kg.ha™) and water use efficiency were related to the main effect of zinc sulfate
and Mn sulfate combination. Spraying plants with zinc sulfate and Mn sulfate improved plant height and
increased oil content in drought stress condition in relation to spray by water (control). Among cultivars, Nima
cv. had better outperformed relative to KS7 and R15 in normal irrigation. In water holding treatment, two
cultivars R15 and Nima narrowly to each other had better outperformed relative to KS7. Non significant
interaction effects of foliar application and cultivars for seed and oil yield indicated that all cultivars had similar
trend. Drought not only causes dramatic loss of pigments but also leads to disorganization of thylakoid
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membrane, therefore reduction in chlorophyll contents is expected. The water holding condition in late season
may influence plant growth that can be attributed to the lose yield components.

Conclusions

Correlation between drought situation and yield components in all cultivars, identify the most suitable
indicators for monitoring drought tolerance cultivars. According to these results, R15 can be recommended for
semiarid regions due to maximum seed and oil yield among and non stress condition. In water deficit condition
R15 can be recommended for semiarid regions due to maximum seed and oil yield among and non stress
condition.

Keywords: Micro Nutrition, Water deficit, Water use efficiency, Yield and component yield
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Table 2- Atmospheric characteristics during wheat growth
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Mean of relative humidity

Reference: Department of Meteorology of the Ardebil province
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Table 3 Analysis of variance chlorophyll content, grain filling components and yvield of wheat as affected of bio fertilizers under supplemental irrigation and rainfed condition
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Table 4- Means comparison of the effects of bio fertilizers and supplemental irrigation on some wheat traits

adis s b ; . . v oy }
a2 o SIS e e agpes PPIE e

Chlorophyll  Chlorophyll  Chlorophy o . . ; : aily s . ails 3 Sles
o3 a b UTotal  CArotencid 4l 61y o Wb Grain 535 351 dsles
Treatments Maximum  Effective grain filling grain vield Estimated Equation
1 Ew of grain filling period N filling rate 2
mg.g” FW o - period 1 (g.m™)
weight (g) (day) (day) (mg.day ")
I;*B 2.01de 0.78ef 2.79de 0.87d 0.049de 23.15¢d 28.36bc 2.17de 3842¢f ¥=0.00217X-0.0127
I,xB, 241c 0.88¢c 3.29¢ 0.93¢ 0.05cd 21.74ef 26.57f 2.38a 4059bc Y=0.0023X-0.0138
I;*Bs 2.87a 0.96ab 3.73a 1.01b 0.053b 24.09b 28.33c 226c 4080.3b Y=0.0022X-0.0113
I,#By 3.02a 0.98a 3.56a 1.08a 0.056a 26.37a 29.55a 2.19d 4200.3a Y=0.0021X-0.0085
L*B, 1.8fg 0.74g 2.54fg 0.74fg 0.042g 21.2f 26.79ef 2.08f 3600z Y=0.002X-0.0131
I%B, 1.95ef 0.75fg 2.7ef 0.76efg 0.047ef 23.5Tbc 26.79ef 2.08f 3807e Y=0.002X-0.0121
I*B; 235¢c 0.83d 3.18c 0.79%f 0.049de 23.73bc 28.72b 2.13e 3967cd Y=0.0021X-0.0123
LBy 2.63b 0.93b 3.56b 0.81e 0.05¢ 22.45de 27.35d 2.33b 4005bc Y=0.0023X-0.0137
LB 1.71g 0.671 238g 0.541 0.0371 194g 2591g 1.9h 3105h Y=0.0019X-0.0135
=B,y 1.79g 0.71h 25g 0.61h 0.04h 21.57ef 26.95¢ 19 3500z Y=0.0019X-0.0115
LI:*B; 1.83fg 0.73gh 2.56ef 0.65h 0.042g 21.35F 26.97e 202z 3760f Y=0.002X-0.0131
I3%By 2.11d 0.81de 292e 0.71g 0.046f 21.96ef 27.39d 2.16de 3870de Y=0.0021X-0.0139
LSD 0.15 0.03 0.18 0.92 0.36 0.047 101.78
25) s i 7 alaya o g i ez el dy
B4:B: B, By

I;.L; and I; supplementary irrigation at heading stage, supplementary irr: and no irrigation respectively.
B1. By. B; and By no application bio fertihizers, apphication Azospirillum, Mycorrhiza and application Mycorrhiza and Azospirillum respectively.
Means with stmilar letters in each column are not significantly different according by LSD test at 0.01(*) and 0.05 (**) probability level.
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Introduction

The yield of wheat in Iran is very low as compared to the other wheat producing countries. One of the most

important effective factors is water shortage. Water shortage can damage pigments and plastids, reduce
chlorophyll a, chlorophyll b, rate and grain filling period. One approach to improve the salt stress problem is the
use of plant growth promoting rhizobacteria (PGPR) and Mycorrhiza. The PGPR are a group of rhizosphere
colonizing bacteria that produce substances to increase the growth of plants, synthesize different phytohormones
including auxins, cytokinins, and gibberellins, synthesize enzymes that can modulate plant growth and
development. Arbuscular mycorrhizal fungi (AMF) symbiosis is considered a valuable component in most
agricultural systems due to its role in plant nutrition and soil health. Therefore application of biofertilizers and
supplemental irrigation can improve crop yield and water productivity especially during critical crop growth
stages.

Materials and Method

A factorial experiment was conducted based on randomized complete block design with three replications in
Agricultural Research Station of Ardabil in 2016. Experimental factors included irrigation levels (no irrigation as
rainfed, supplemental irrigation at booting and heading stages or according with 45 and 61 BBCH code,
respectively) and four levels of biofertilizers application (inoculation with Azospirilum, Mycorrhizal,
Mycorrhizal+Azospirilum, and without application of biofertilizers as control). A two part linear model was used
to quantify the grain filling parameters. In this study, total chlorophyll, chlorophyll a, b, carotenoid, grain filling
components and yield of wheat were investigated. Grain dry weight and grain number were used to calculate the
average grain weight for each sample. Total duration of grain filling was determined for each treatment
combination by fitting a bilinear model:

a + bt, t <ty

W = {a + bt t>ty
Effective grain filling duration (EGFD) was calculated from the below equation:
EGFD = highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

The results showed that application of both biofertilizers (Mycorrhiza and Azosprilium) and supplementary
irrigation at booting stage increased chlorophyll a, b, total chlorophyll and carotenoids (76.6, 42.26, 49.57 and
100% respectively) compared with no application of biofertilizers under rainfed condition. Also, both application
of Mycorrhizae and Azospirilium and supplemental irrigation at booting stage increased grain filling rate, grain
weight, grain filling period, effective grain filling rate and grain yield (15.26, 51.35, 14.04, 35.92 and 35.27%
respectively) compared with no application of biofertilizers under rainfed conditions.

Conclusions

Based on this study, the application of Azospirillum and Mycorrhiza and supplemental irrigation at booting
stage can improve the content of chlorophyll a, b, total chlorophyll, carotenoids, grain filling rate, grain weight,
grain filling period, effective grain filling period and grain yield compared with no application of biofertilizers
under rainfed conditions. Based on the results, it seems that application of biofertilizers and supplementary
irrigation can be suggested as modulators of drought stress in wheat under rainfed conditionss.
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Table 1- Physical and chemical properties of the experimental field soil at the depth of 0 -30 cm

. Calad oo o8
i - Ca et A cmde? S’ céb
gc‘(i’z; S PH Nitl%)g’e)ri%) Phosphorlu ° Potassium Soil textun.’e
EC (dS.m™) (mg . kg™) (mg . kg™
0.5 2.7 7.5 0.05 9.2 135 Silty clay
03liw] 3590 Cadgi 5 (o2 beomsd LS 35 03 =Y Jou
Table 2- Chemical composition of the used zeolite (%)
P,Os TiO, MnO Fe,0O3 CaO MgO Na,0 K,O Al,O; Sio,
0.01 0.04 0.05 1.6 2.2 0.1 1.1 3.0 12.0 0.65
C.E.C= 200 meq/100g
ialol 53 03lisusl 3590 (ool 395 S T2 -V Jguo
Table 3- Chemical properties of animal manure used in experiment
5 ojere S , Calsr _ @ s
Total oS s bH S S e o2 ) 2 “lTsong” ‘fo 1P
Nltg?gen 0395 OC (%) EC.1 mg.kg mg.kg" mg.kg (%) (%)
(%) CIN (ds.m™)
1.35 30.8 41.58 8 20.2 267.6 8435 409.4 2.55 0.66
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Figure 1- Mean comparison of the effects of mycorrhiza fungi and zeolite amended manure compost on plant height,
peduncle length, number of grain per spike and 1000 grain weight of triticale (physical slicing)
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Figure 2- Mean comparison of the effects of mycorrhiza fungi and zeolite amended manure compost on grain yield and
harvest index of triticale (physical slicing)
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Effect of Zeolite Amended Cattle Manure Compost and Mycorrhiza Fungi
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Introduction: One of the basic principles of sustainable agriculture is application of biologic and organic
fertilizers in order to reduce chemical inputs consumption and increase soil fertility. Application of manure
improves biological activity, physicochemical properties and water holding capacity in soil. Despite these
positive effects, increased weed seed bank, outbreak of pests and diseases and accumulation of ammonia in the
root of plants are the disadvantages of manure application. Due to the unique attributes of zeolites if they were
added at the beginning of composting process can provide ventilatory condition for the activity of aerobic
microorganisms and absorbs nutrients, especially nitrogen. Another important solution of improving efficiency
of sustainable agriculture ecosystems is use of biofertilizers as the most natural solution to increase biological
activity of soil. Symbiosis of plant with mycorrhiza fungi improves nutritional status of plant by increasing water
and nutrients absorption. Triticale is a commercial cereal with a vast potential to feed human and animal. This
plant can be cultivated in poor soils that are not suitable for wheat production. Finally the aim of this study was
to achieve maximum yield of triticale by increasing efficiency of manure compost and simultaneous use of this
fertilizer and mycorrhiza.

Materials and Methods: The experiment was conducted at Research field of Agricultural sciences and Natural
Resources University of Khuzestan during 2017-2018. Experimental design was a factorial based on randomized
complete block design with four replications. The experimental factors included mycorrhizal application at two
levels (application and non-application of mycorrhiza), and mixing of zeolite to manure in six levels (0, 5, 10,
15, 20 and 25% by weight of zeolite manure). The size of each experimental unit was 2x2 m? and planting
density was 400 plants per m?. Before the sowing, biofertilizer were shaken completely to cover the whole seeds
surface after which the seeds were shadow-dried and planted, irrigation was done immediately after seed sowing.
Traits included plant height, peduncle length, spike length, spikes per square meter, number of grains per spike,
1000 grain weight, grain yield, biological yield and harvest index were assessed in this experiment.

Results and Discussion: Based on the results, the interaction between mycorrhizal inoculation and mixing of
zeolite with cattle manure were significant on plant height, peduncle length, number of grains per spike, 1000
grain weight and grain yield. The main effect of zeolite and mycorrhiza were significant on spike length, number
of grains per spike and biological yield. In inoculation condition the most plant height (124.32 cm) was obtained
at the level of 10% zeolite, while in non-inoculation condition the highest plant height (106.62) was obtained at
the level of 20% zeolite. The number of spikes per square meter at the level of 20% zeolite (456) was 36%
higher than the non-use of zeolite treatment (303). Under inoculation conditions, the highest qrain yield (3510.7
kg.ha*) was belonged to application of 10% zeolite and the lowest grain yield (1579.69 kg.ha™) was gained from
non-application of zeolite treatment. In non-inoculation condition compared to the inoculation treatment, more
zeolite was needed to obtain high grain yield and by application of zeolite up to 20 percent gain yield increased.

Conclusions: According to results of the present experiment, application of 10% zeolite in manure compost
along with mycorrhiza is recommended to increase the yield of triticale. It can be stated that the addition of
zeolite to manure and the use of mycorrhiza fungi is a suitable method for achieving high yield in triticale
cultivation.

Keywords Compost amendment, Endophytic fungi, Organic fertilizer, Yield component
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Table 1- Meteorological data of Gonbad Kavous area during the period of Black cumin growth (2017-2018)
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Table 2- Soil properties of experiment site (depth 0-30 cm)
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Table 3- Analysis of variance of some black cumin traits at different levels of irrigation and salicylic acid
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Mean square
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Plant Number of umf € ofseeds  weightof  Plant il Essential ~ Grain
height lateral o per follicle dry oil yield yield
branches follicle follicle er plant  weight content
per plant Perp g

S L 2 0.030™ 1.86™ 0.217™ 9.16™ 0.0003™ 0.354™ 0.0069™ 0.398™  3350.6™
Replication
(1) ot 3 15.28"™ 7.06™ 6.972™ 187.36™ 0.006™ 1.86™ 01387 3917 229451
Irrigation
ol Slels aox ox o ox . . aox o -
SA) 2 18.26 6.57 0.954 409.42 0.006 6.50 0.054 14.69 74621
Salicylic N N » » » » »
acid 6 1.46 0.581 1.63 67.42 0.001 0.501 0.0096™ 1.14™  8876.8
IXSA
UETror 22 0.480 0.188 0.458 3.73 0.0002 0.154 0.0054 0.761 995.3
Syl 15 4.9 5.4 2.2 4.6 6.9 13.8 14.6 2.9
CV (%)

Lo 0 g ) zokaw j3 )b bzxe > gimepE iy % ks NS
ns, * and ** not significant, significant at 0.01 and 0.05 probability level, respectively.
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Table 4- Slice interaction effects of different levels of irrigation and salicylic acid on some black cumin traits
Loy laxi P
Treatments Sy i) 4>L...j Sl g P &3 dlaws Js-v:-; 039 M“ 0 )

] ! Plant LIPS o J s w9 © & 3
)bl aw <., height Number of ¥ Number of ~ Weightof — Plantdry  Seed yield
Irrigation S (cm) lateral Number of  geeqs per  follicle per weight (kg. ha™)
level Salicylic branches follicle follicle plant (g) (9)

acid per plant

R S; 41.16b 6.40b 10.63b 71.28b 0.274b 4.50c 817c
e . S 45.1a 8.36a 12.83a 91.08a 0.351a 5.62a 935b
(Dry farming) S5 43.53ab 8.53a 11.36b 86.73a 0.374a 5.02b 1006a
LSD 5% 2.03 1.53 1.15 6.17 0.054 0.28 51.14
S Al e > oyl LS S; 46.01a 7.70a 11.73b 80.36b 0.330a 5.14b 873b
(Once irrigation at S, 46.75a 9.16a 14.33a 87.32ab 0.356a 6.57a 1063a
flowering stage) S3 45.76a 9.06a 12.30ab 92.73a 0.377a 5.34ab 1164a
LSD 5% 2.06 2.05 2.24 10.24 0.047 1.28 156
2 dleye 3 o)l b S 43.93a 8.86a 12.20a 84.37¢ 0.380a 5.36a 1092a
4;13 " S 46.90a 10.16a 12.40a 93.52b 0.410a 6.10a 1151a

o

(Once irrigation at S3 44.65a 9.43a 10.90b 99.35a 0.391a 5.59 1171a
grain filling stage)
LSD 5% 3.12 1.85 1.15 4.55 0.092 1.95 90.16
Ao ) cui i )bl Hb 93 S; 4451a 9.33a 13.93a 91.83a 0.370a 5.36b 1265h

b s c S, 46.56a 10.30a 14.46a 92.65a 0.369a 7.62a 1290ab
g ma et S, 44.90a 9.50 12.13a 92.42a 0.388a 5.49b 1330a
filling stages)
LSD 5% 3.28 1.62 4.024 6.93 0.045 1.68 41.22
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In each column, averages that have at least one common alphabet, do not differ significantly from the LSD test at 5% probability
level. S1, S2 and S3, respectively, Non application of salicylic acid, Priming and foliar spraying treatments.
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Introduction
Black cumin (Nigella sativa L.) is an annual plant from the buttercup family that has been used in food
industry and cosmetic products in addition to its medicinal value. It is well known that abiotic stresses especially
drought stress are very restrictive factors for agricultural production around the world. Drought stress affects a
vast range of morphological, physiological and biochemical characteristics of plants. Due to the decrease and
shortage of agricultural water resources, researchers have conducted various researches to find materials that
increase the efficiency of water use and maintenance in plants. One of these compounds is salicylic acid, and this
material is naturally present in most plants and affects many physiological activities of the cell. Due to the
decrease and shortage of agricultural water resources, researchers have conducted various researches to find
materials that increase the efficiency of water use and maintenance in plants. One of these compounds is
salicylic acid, and this material is naturally present in most plants and affects many physiological activities of the
cell. Salicylic acid is a naturally occurring plant hormone that controls plant growth and induces water deficit
tolerance in plants. One of these compounds is salicylic acid, and this material is naturally present in most plants

and affects many physiological activities of the cell. Salicylic acid is a naturally occurring plant hormone that
controls plant growth and induces water deficit tolerance in plants.

Materials and Methods

This study was conducted based on randomized complete design with factorial arrangement of treatment and
three replications at research field of Gonbad Kavous University, Iran in 2018 winter and spring. Different
irrigation regimes at four levels including no irrigation (dry farming), once irrigation at flowering stage, once
irrigation at grain filling stage and twice irrigation at flowering and grain filling stages as well as salicylic acid
factor at three levels including no application (control), seed priming (with 0.5 mM concentration), foliar
spraying (with 0.5 mM concentration) were studied. After application of the treatments, the necessary sampling
was done and the traits such as plant height, number of lateral branches, number of follicle per plant, number of
seeds per follicle, weight of follicle per plant, plant dry weight, essential oil content, essential oil yield and,
finally, grain yield in the plant were evaluated. Statistical calculations were performed using SAS 9.1 software.
The mean of studied traits was also compared by using the least significant difference between the protected
LSD at 5% probability level. The required graphs were also drawn using Excel software.

Results and Discussion

The results showed that simple effects of irrigation and salicylic acid on all traits were significant. The effects
of irrigation and salicylic acid on all studied traits were also significant, except essential oil percentage and
essential oil yield. The use of salicylic acid increased morphological traits. Also, the effects of irrigation and

salicylic acid on all studied traits were significant, except essential oil percentage and essential oil yield. The use
of salicylic acid increased morphological traits. The highest amount of essential oil and essential oil yield in
irrigation levels were related to the irrigation at filling stage (0.65%) and twice irrigation at flowering and grain
filling stages (7.93 kg ha™), respectively. Salicylic acid treatment was the most essential oil and essential oil
yield for salting. The highest grain yield (1330 kg ha™) was obtained in foliar spraying application of salicylic
acid under twice irrigated conditions and the lowest grain yield (817 kg ha™) was obtained in non-application of
salicylic acid at dry farming conditions.
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Conclusions

Salicylic acid is able to reduce the negative effects of drought stress on black cumin plant. In general, the
results showed that by using salicylic acid in the form of foliar application and twice irrigation, optimal yield of
black cumin was achieved.

Keywords: Drought stress, Essential oil, Grain yield, Priming, Spraying
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