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Figure 2- The function defined in SUCROS model for describing the effect of temperature on leaf assimilation rate,
correction factor indicates the ratio of A, at optimum temperature to its value at different temperatures
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Figure 3- Comparison between observed and simulated yields of wheat, corn, chick pea and sugar beet. Regression and 1:1
lines are shown for each crop. Details of validation results are given in Table 1
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Table 1- Results of validation of SUCROS model based on the values of root mean square error (RMSE) and its percentage
(RMSE%) together with intercept (a), slope (b) and coefficient of determination (r?) for regression line between observed and
simulated yields

Regression coefficients

n X RMSE  RMSE (%) a b r
Corn
PHARITUITS
. 14 9.8 5.8 0.18 0.98 0.96
Grain yield (t/ha)
) Uiy 8 132 9.3 2.12 1.03 0.94
Days to maturity
AL
B 29 8 69 10.5 3.6 1.12 0.92
Days to flowering
Wheat
aly 5 Slos
19 5.2 4.8 0.19 0.95 0.97
Grain yield (t/ha)
s
T 9. 12 276 9.7 3.11 0.91 0.94
Days to maturity
U"’“U"”, 12 219 10.7 4.15 1.18 0.90
Days to flowering
Chick pea
by 5 Slos
. 17 1.51 0.14 9.6 0.012 1.02 0.91
Grain yield (t/ha)
e
e 9 9 118 13.2 11.2 3.12 1.15 0.90
Days to maturity
AL
B 29 9 73 12.9 4.11 1.21 0.85
Days to flowering
Sugar beet
wia) 35kee 18 59 327 5.5 5.58 0.91 0.92
Tuber yield (t/ha)
Sy B s 18 188 10.1 2.11 1.14 0.87
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Figure 4- Predicted yield reduction in the studied crops for the year 2050 compared to current yields, yield are predicted

using SUCROS model under temperature rise and temperature rise + increased CO, concentration. Vertical bars show SE of
gions

3-10

10-15
15-20
20-25

25-30

(’ 20-25

-

s
3838300

:i:i;i

™~ s Chick pea Sugar beet
S 2%‘“
%g %m_ 10-15
\\\5 %C 5 ) paw ra‘ .
: / 10-15 SN 2025
B 2530

23 il cuiS Lol 3blo p3 o815 Jguammo £ 51y (dad Ll pud 4y Cannd (6300 Y000 JUus 55 (7)) 3,500 B (500 (S sy -0 JSW
s9S

Figure 5- Predicted yield reduction (%) for year 2050 compared to current conditions for wheat, corn, chick pea and sugar
beet in main cropping regions across the country
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Figure 6- Relation between temperature rise during the whole growth period (a) and in grain filling period (b) and length of

growth stages in wheat. Dtat points obtained for different regions across the country, change in temperature is predicted by
GCM for year 2050 and length of growth stages for the target year is estimated by SURCOS model
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Figure 7- Relation between temperature rise during the whole growth period (a) and in grain filling period (b) and length of

growth stages in corn. Dtat points obtained for different regions across the country, change in temperature is predicted by
GCM for year 2050 and length of growth stages for the target year is estimated by SURCOS model
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Figure 8- Relation between temperature rise and length of growth stages in chick pea and sugar beet. Dtat points obtained for

different regions across the country, change in temperature is predicted by GCM for year 2050 and length of growth stages
for the target year is estimated by SURCOS model
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Figure 9- Relation between temperature rise during the whole growth period (a), flowering stage (b) and in grain filling

period (c) and yield reduction in wheat. Dtat points obtained for different regions across the country, change in temperature
is predicted by GCM for year 2050 and yield reduction for the target year is estimated by SURCOS model
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Figure 10- Relation between temperature rise during the whole growth period (a) and during the grain filling period (b) and

yield reduction in corn. Dtat points obtained for different regions across the country, change in temperature is predicted by
GCM for year 2050 and yield reduction for the target year is estimated by SURCOS model
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Figure 11- Relation between temperature rise and yield reduction for chick pea and sugar beet. Dtat points obtained for

different regions across the country, change in temperature is predicted by GCM for year 2050 and yield reduction for the
target year is estimated by SURCOS model

aSlas 53 iy Jal po Jgbo il

= Led aalsdl A 5 ¥ & ela ISl ) o )] ol
B )S 8 2b) 3y5e it el)) Y gazes A5 093 SialS
e b Lo iolidlas sl lis 353 5V & sl JSs
o ay el ool csliS wals 50 3 Sles p d56Ss 48l
o U Gus Jlw sy odd woin 5,80es LialS &S sy 0
Ol sy il QLS cpl 48 Jolpe Job (2ol > 4 (oL
Jobo 3 ials ion S o glila paS 0 &S ob lis kg,
b o pialS wsyd /AF il 3 Slas (S, U cisls 090
G = 0993 Jobo ) SRl doyd S &Sl > (a )Y S)
(b=VY i) das o ialS do 0 VY 1) 5 Sas &l

yShes g 2y 0)93 JS SRR G (Som)S ) by )3
Job ialS 5l )l ine ysboas 3 Slas (ialS” Jg 395 )l ixe
Baa Jlu b as o flis gls .cuilh coxd diby ad p 090
2y 0)Sles &l A 4 0y90 Job LEalS oy S s slila
93556 dyg0 ;3 .(CVY JSd) Wb o il oy +/AY Dgus
0)9> JS (ials g 3, 8ee ialS (s ()l e daly f a3 )aise
Jlo U aS sl ol guls el cossay (S, b cusls) 13,
53556 2,Slos by 0)5d Jsb LialS o ) b (oM Y0+
S LG - V) U PRV PRSI PN LRSS VA PRY A 7 QI S XV SRV
(e-Y od

$o 50 d9as 3 a8 cul ] 5l Sk suiss ol slaassl
Jlw (a8l byl 5 50 ely; Y guasee 3 Sloe yialS 5l duo )y
2= 039° Job g (S 0)93 JS Jobo (4 obiS Jd> 4 V-0

0,8les yidlS il o yd Ve i 3 S w0 L gl oy
Lo Gl s 4y gy ot Y gazee gl ol i
4o i oMot 13l oo 9o lue Jolpe S g 235 0y93 Jsbo
423 V=Y e 4 d (1le GRIEIL (LS 4355 5 505 Al po
S g (SoeS 0 dalgs el o, Slae jialS 5], 5 sl
L1y pasS 5, Sles yialS 50 (Koocheki and Nassiri, 2008)
28 als o jd i b oS Bl a )y 90 (liee 4 Loy 5ol58l
5 Sl e 5l (58 Los il dl el oo S (i sy
odd )35 50 ldllas plaw o elyy alS 5, Slos jials
S 1ol L (Lobel and Asner, 2000) ywl g Joo) .l
4> Ko yn lila 1400 3 (Glycine max) bgw 9 )3 3,Sles
alS 7Y sy Jad (b s Ly Sl iliel o5 sl
oy 2, es ials (Peng et al., 2004) ) Ken § S b 0
oy S lw anyd SO ya sl aopn Ve dgds o 1y ks o
Youetal, ) o ,LSen g 9 3900 5 53,5 (5,135 lod yiol38l
S5 il 3o Ve BY e 0 puiS 3 Slas ials” 51(2009
ol 03 Lod il 381 o1 )5 5l ds yo

4 ool o b aySles Lo ilial 13 a8 ey av g Wb
9 Syl @l Jlte gl )l (K () 8 adlate
Tubiello et ) -, Sen g oligi g (Easterling, 2007) ;Ko
o Lod il diine 3blie )3 &S cunl o 5 S (al,, 2007
9 b el eV game Moy g sute )il oS ol ax o Y-V
g 35 yg &S Jb p> s amles Slel YL clales p3 5,Sles JialS
asyd V=Y 5 YL @ Lo 158l (Ortiz ef al., 2008) o )Sex
G55 i S gy i S5 5 0.8 olio 1 318 ke
Llos )



VWl 63)0laS p aaldl s 3T

Luo )..\M:LL;A S oobe Fal ) L;:ylf dxwgl Lg‘)‘. )»05%0)5
(et al., 2009

)3 Shee o uls
YWield reduction (%)

0 10 20 30
Decrease in growth petiod (Y6)

o) 2y 0yan oo pals

Y3 Shee s
Yield reduction (%)

0 10 20 30

Decrease in grain filling period (%6)

L) 83 48 g oo o

=
ﬁ é i0 &) Sugar beer '.‘
a = ¥ ]
J 8 -t
g +
] 1
E ];-_I L - }: 131a
bl -1 =05
o 0
. i 0 < T )

0 10 20
Decrease in growth period (%)

Vo) Ly 0ya0 g fals

Los uw‘)—e‘ .o P Q"O.’.‘)‘.’LL? A_M,LL;A f“\:‘f 5 &l O
9 Sy HlS yeS i w3 g AD) 090 Jsb ials

=

s

=

=]

=

o

g

=

o 1

. 0 10 20 30

Decrease in grain filling period (%6)
() 3 0t 0393 oo 2alS

&

;;' 309 d) Chick pea

_O

g 201

§ 10 4 . 2 y=048x

= ) &l

T e . B=08

:;H L1 & T ¥
0 10 20 30

Decrease in growth period (%)

) Ay 0 a3 oo | pals

3955 5w Jdo (g oy 0313 (€) Wi juiaa o (d) 35590 «(C) )3 (b g a) puE yd 3,Slos (WA g wiy 090 Job (Bl o alasly — Y JSS
Dl 0 (630 Y40+ Jlw (gl Y gz opl CuiS ilisee gblo 43
Figure 12- Relation between reduction of the length of growth period and yield of wheat (a and b), corn (c), chick pea (d) and
sugar beet (e). Data pints are simulated using SUCROS model for year 2050 at different regions
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Figure 13- Effects of change in sowing date and increased heat tolerance on wheat yield under climate change compared to

current yield. Yield is simulated for year 2050 with temperature rise between 1-2 °C or higher. Vertical bars show SE of
regions
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Introduction

Recent evidences confirm that during the next few decades, many agroclimatic indices of Iran would be
affected by global climate change. Koocheki et al. using two General Circulation Models showed that the mean
annual temperature of the country will increase between 3.5-4.5°C while mean precipitation will reduce by 7-
15% to 2050. It is well established that crop growth and development would drastically affect by the future
global warming and its consequences because yield determining processes such as photosynthesis and crop
phenology are directly related to temperature. On the other hands, the combined effects of CO, enrichment and
temperature rise on crop growth are complicated and should be studied using crop simulation models.
Furthermore, adapting to climatic variability will have a substantially greater effect in reducing impacts than
willing mitigation. However, such impacts on crop productivity at national scale and adaptive measures for
future conditions are rarely studied in Iran. In this research crop development and yield of wheat, corn, chickpea
and sugar beet were simulated for the target year of 2050 and the results are compared with the current yield as
the baseline.

Materials and Methods

Future climatic variables were predicted using A;f (business as usual) scenario by GFDL general circulation
model and the results were used as weather inputs in the SUCROS model which was previously validated against
measured data of the four crops. To account for the effect of CO, enrichment on crop growth the photosynthesis
routine of the model was adopted for increased CO, concentration using a scaling factor. Changes in
developmental stages of each crop were estimated for the future conditions and the relation between duration of
these stages and yield was determined. Predicted crop yields for the year 2050 were compared with the current
potential yields considering some adaptation strategies.

Results and Discussion

Results indicated the average over the different regions, yield of wheat, corn, chickpea and sugar beet will be
decreased by 18.6, 19.1, 6.6, and 20%, respectively. This decrease is mainly due to temperature rise and only
5.6% of the negative effects of temperature will be compensated by increased CO, concentration. Regression
analysis showed the yield of the studied crops will be reduced between 9 to 17% per 1°C increase in mean
temperature during the growing season. For wheat and corn such a reduction would also be expected for the
duration of the grain filling period. Based on these results, reduction of the total growing period (planting to
maturity) as well as shortened grain filling period are the main causes of the predicted crops yield decline by the
target year. On average up to 60% of the yield reduction over the country could be described by global warming
and the pattern of the crops yield variation follows the same spatial pattern predicted for temperature rise in
2050. Therefore, adaptation strategies for the future climate should be designed to prevent the negative effects of
increased temperature during the sensitive development stages. Simulation results obtained by SUCROS model
showed that among different studied adaptation strategies, using new wheat cultivars with higher heat tolerance
and changing planting dates are the most efficient management practices and drastically prevent yield reduction
under defined future climate scenarios. Use of these readily implemented adaptation strategies is profitable based
on the available resources by improving national wheat production compared to the same climatic scenarios
without adaptation.

Conclusions

1- Professor, College of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: akooch@um.ac.ir)
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Despite of uncertainties in the predicted results of simulation models, the results of this research indicated
that during the next few decades crop yields in different regions of Iran will be reduced due to climate change
and more specifically temperature rise. This yield reduction could be more drastic under actual conditions where
the effects of climate change will intensify due to biotic and abiotic stresses. However, these negative impacts
could be avoided by using proper adaptation strategies.

Keywords: Adaptation, Global warming, Length of growth period, Yield variation
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Table 1- Source of variation, degrees of freedom, and mean squares of effect of triazole concentration and temperature on the
electrolytes leakage, survival percentage, height plant and dry weight of kochia under controlled conditions
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(Fungicide) iz, 1 37" 7" 35™ 01™
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(Temperature) Lo> 4 12168 33896™ 1826™ 4.0%
(Fungicidex Temperature) lo> x iSz,l6 4 65" 285* 55" 0.1
(Concentrationx Temperature) los x clale 8 459** 250" 36" 0.1
el 2 8 5% 181™ 21 0.1™

(Fungicidex Concentrationx Temperature)
(Error) s 60 12 229 25 0.1

(C.V) % Sl g 13.05 9.53 7.22 13.56
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Figure 1- Effect of different concentration of triazols (a) and temperature (b) on electrolyte leakage in kochia. Vertical lines
indicate the standard error values
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Figure 2- Effect of low temperature electrolytes leakage in Kochia (a) no application, (b) sprayed at a concentration of 10 mg
per liter, (c) sprayed at a concentration of 20 milligrams per liter, and (d) total. Vertical lines indicate the standard error
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Figure 3- LTs), under different fungicides concentration (a) and interaction between fungicides and concentration (b)
according to Duncan test at 5%
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Figure 4- Curve of survival and electrolyte leakage of kochia under freezing temperatures at controlled conditions (survival
O and leak leakage 0)
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Table 2- Effect of fungicides, concentration and temperature on survival, plant height and plant dry weight of Kochia three
weeks after recovery
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Treat % Survival

&g glé5 SUWiS 39

High plant (cm) Dry weight (g.plant™)

Fungicide  :Sg,l

Hexaconaz Jg;s51;5 77.2° 17.7° 0.8
Penconazol Jy;bsSe 77.7° 164° 0.8
Concentration (mg.l'l) cdale

0 80.0° 19.12 1.0°

10 76.6° 16.8 % 0.7°

20 75.8° 15.2° 0.7°
Temperature °C L>

0 94.4% 21.5° 1.1e

2 98.6° 24.4°? 1.0%®

-4 100.0 2332 1.1°

-6 94.4° 16.2° 0.8°

-8 00.0° 0.0° 0.0°¢
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Means with the same letters of each group in each column, according to Duncan test at 5%, no significant difference



YV lobsS ol 5 Loy 4y Jooxi 1 J309y 9 J33bsST550 sl

M5 sl 42> =¥ (glod 5 JoibsShy S )8 sl 3 olS gl
sl 2 50 bod g LSl clale blate J1(F Jouo) 45 osmliie
Vo cdale 1) g gl o yidus 9 39 (P<e/40) 4l sze LS
2 el ol ) 5 las sy =¥ gloy o LS wd o p S Lo
slod 3y )3 pS (o Ve ke )3 &gy )] gyt oS -
A oanlie 3,5 il dayd o

bl oyen Ol 2 oS St iy 2 2led sl ]
aS o1, 5 Sl d)d —A glod slizwl 4y g 55 (P<+/+0) Jbo xe
L LodsS sladsy St (g i) om jl LdeS sloasmals
il eS aod YYIY o, 8 sl da =5 5l ieS @ by il
o Ylaznl (2alS ol (Y Jgn) 390 35 ol )3 yao cglod
als o o LS claplul saome wdy oUle p (555 @)l
SoiS Gy enp L (Y0) (hlSen g (oallas .canl 039 <Lyl
oL Suid (g &5 03,8 ()15 (S5d U5 llyd 3 92 2B
2aL5 jles jl weS 1o pd £/0 01,8 Bl 4y =¥ oled jles
3 S a3l S (Bl 423 N glod e )3 &S (Syge 3 g
) (53580 pas) ald o o) o

Bl o9 ok 0 LdsS sladsmals Gy el > o
3 (¥ Jghz) €85 1,8 oslisal 390 (35,6 g5 b o5
ELay) 1o (P<e/+)) ()b ime 1l b iS 7,8 Cilises slacdale
Lo is gyl chale Gl L g (V Joio) wiails LidsS” sbaazals
s WY span aig eyl , ) 0 p)S o Ve 5V & i ]
(Y Jgss) cdl ol ko py ¥/

(R3990 sLatiSly jl (B9)S S0 e b gib 5
o=l il B 03 S (e GBS )3 (pleenion 9 (oI5
9 Aoy 4By S5 @l 4 bk (ialS Jols b 18Ty
S o (pimed OS5 cpl Ml oo Jidg IS (s ol
504235 (el 3 Lacliums S Cumdy o ol Fiogs 5
2 53U G Cpiomed bl imd o il 81 1) b i 4y Conglio
S sl Sl 32k B50 (I3l 5 tsS ste Fihao (a3l sy
(V) 53,5 0

Do (P<e/+0) o ize olS glasyl 1y lod 5 357,18 Jlie 3l
h 4 el cnyar JoLsS T3S ASg)L8 2018 Ll
Oy 45 JUs o wiaslh ol 5 ole a0 =Y sled o lalS

O Hexaconazole B Penconazole
4 a
i 2 .
3 6 a
P
4 -5
3
o 4
e )
4]
s 27
wn
o
=)
[~
0 10 isg 20
Fungicide (mg.I'")

%6 Jloia! gelaw 53 SG13 99031 (wlwl g lunigS olS (RDMTs0) Suid (459 w0 pd 0+ swidls slod p L Jg3L 5 510 U
Figure 5- Triazoles effect on temperature decreasing at 50% dry matter (RDMTs) kochia plants. According to Duncan test
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Table 3- The interaction of concentration in fungicides and fungicide in temperature on survival, height and plant dry weight
kochia three weeks after recovery

oS B chle SS9 Wy W)l sl a0y
Fungicide Concentration (mg1")  Dry weight (g Plant")  High plant (cm) Survival%
B 0 0.93 % 18.6° 80.0°
.U ]‘
Jaibslise 10 0.75 17.1° 80.0°
Hexaconazole 20 0.87°2 17.6° 71.6°
0 1.06 % 19.7 % 80.0*°
‘U .
JosbsS 10 0.78" 16.7° 733"
Penconazole 20 0.55°¢ 13.0° 80.0°
Temperature (°C) L
0 1.20° 22.6° 100.0°
_ 2 1.03° 27.7° 97.2°
o ].
Joibgs1Sa 4 121° 23.6° 100.0°*
Hexaconazole -6 0.80? 1472 88.9a
-8 0.00° 0.0° 0.00 b
0 1.01* 204* 8891
-2 1.02*° 21.2% 100.0*
.U . P
JoibsSy 4 1.05° 23.1° 100.0*
Penconazole -6 0912 17.7% 100.0*
-8 0.00° 0.0° 0.0°
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Means with the same letters of each group in each column, according to Duncan test at 5%, no significant difference
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Figure 6- The effect of different concentrations of hexaconazole and penconazole on chlorophyll a, chlorophyll b, a/b and
carotenoids content in Kochia .Vertical lines indicate the standard error values
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Figure 7- The effect of hexaconazole and penconazole on total photosynthetic pigments, phenol, soluble sugar and DPPH in
kochia.Vertical lines indicate the standard error values
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Introduction

Cold and freezing are the most important limiting factors on development of sensitive plants. When the
ambient temperature deviates from optimal, physiological, and biochemical, metabolic and molecular changes
will occur within plants. This is an effort of plants to maximize growth and developmental processes and to
maintain cellular homeostasis during such adverse conditions. At the extremes of the natural temperature range
of plant, the degree of physiological, cellular, metabolic and molecular dysfunction becomes so severe that it
leads to death. Triazoles are the most potent groups of growth retardants with multiple effects. Plant growing
with paclobutrazol generally has little effect on rates of net photosynthetic rate. However, because the compound
reduces leaf area, net photosynthesis on a per plant basis is probably reduced. They have exhibited growth
regulating, fungicidal, herbicidal, apicidal and antibacterial activities. More recently, it was found that triazole
compounds are able to increase tolerance of plants to cold and freezing stress. Kochia (Kochia scoparia (L.)
Schrad.), an out crossing species whose pollen move between plants in windy areas, has recently been
considered as a forage or fodder crop in marginal lands. Steppuhn and Wall (1993) claimed that Kochia offers
great potential as a crop that can be grown on saline soils, yielding fodder in quantities approaching that
produced by alfalfa (Medicago sativa L.). Shamsutdinov et al. (1996) also reported more than 15 Mg ha™ dry-
matter production for Kochia under saline conditions and concluded that it is a good candidate for forage hay.
Thus, the aim of the present study was to determine whether the triazole compounds could increase tolerance of
kochia against freezing stress.

Materials and Methods

An experiment was carried out with hexaconazole and penconazole in 0, 10 and 20 mg.L" and freezing
temperatures 0, -2, -4, -6 and -8 degree centigrade in factorial based on CRBD with three replications at research
greenhouse of college of agriculture, Ferdowsi University of Mashhad in 2009. Plants were kept in natural
condition until three weeks after planting, which in this stage they had three leaves, and then treated with
fungicide. After 24 hours plants were frozen in thermo gradient freezer, in the dark. At first, the temperature of
thermo gradient freezer was five degrees centigrade, and then temperature decreased two degree centigrade per
hour. In order to make ice nucleation in plant at -3-degree centigrade ice nucleation active bacteria was sprayed.
Plants were keeping an hour in each temperature treatment. In order to balance the ambient temperature, the
plants are kept at the desired temperature for one hour and then the pots transport in a cold chamber at a
temperature of 5 + 2°C for 24 hours. The cell membrane stability was measured through electrolyte leakage (EL)
and the lethal temperature 50 (LTsq) (according to El) also were determined in the youngest developed leaf
from each plant. The electrolyte leakage in the solution was measured after 24 h of floating at room temperature
using a conductivity meter. Total conductivity was obtained after keeping the flasks in an oven (75°C) for 90
minutes. Results were expressed as percentage of total conductivity. Survival percentage, plant height, dry
weight and (LTs,) (according to survival) were determined after three weeks recovery in the natural condition.
The data were analyzed statistically using a two-way ANOVA, applied to the various measured and calculated
parameters, followed by a Duncan test for mean comparison between treatments at a 95 % confidence level by
MSTAT-C program.

Results and Discussion
The results showed that increase of fungicide concentration by 10 and 20 mg.L™' higher than control

decreased electrolyte leakage but, electrolyte leakage build-up with decrease freezing temperature. Fungicide
application increased -2 °C freezing tolerance in kochia. Increasing fungicide concentration in 10 and 20 mg.L"
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than control causes decreased LT50, from -5.9 to -7.2. Application of triazoles responsible of reduced

electrolyte leakage but they did not effect on survival. The use of different concentrations of fungicides

hexaconazole and penconazole of photosynthetic pigments in Kochia showed no significant effect. However, the

concentration of chlorophyll a and b in the use of fungicides hexaconazole was more than penconazole.
Conclusions

Triazole application initially had a positive effect on the reduction of electrolyte leakage, but survival and re-
growth did not affect. Generally, the use of Triazoles compounds prior to stresses such as cold, could expect the
plants can tolerate oxidative stress, which usually occurs after cold stress.

Keywords: Cold, Electrolyte leakage, Lethal temperature 50, Triazole
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Table 1- Physical and chemical analysis of soil
(%) 1 dls0 ol o Ol g o Uy Had Ojes
(PH) 4w Organic matter (%) Calcium  Magnesium _ Soulphat Potassium  Phosphorus  Nitrogen
(mg kg™) (ppm)
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Figure 1- Air temperature (in “C) of Shahrood region along the 2010 year
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Figure 2- The trend of cumulative shoot dry matter of indigo during the planting season on 28 June (A), 3 July (B) and 18
July (C) planting dates. Points are the measured data and lines are the fitted function
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Table 2- The coefficients of the three-parameter sigmoid equation fitted to the data of cumulative dry matter of indigo during
the growing season in different planting dates

CuiS g, (o200 Suid 3l ySTus) 2 cund) b A Oy Cg @Y ore2d j9,y 4 43) X Sl
Planting ) (&0 5o +1¥0 13 0 5) (s ((sroos Sis 23k 70 R®>  Probability)
(date a (Maximum dry matter b (Slope of X, (Cumulative degree days required to (level

accumulation) (g/0.25 m?) the line) reach 50% of dry matter accumulation)
June) sl 5 YA (0.0003)
18 179.92 (0.0001) 9773 731.86 (0.0001) 0.96 <0.0001
(July 3) 5\ 135.45 (0.0001) ((1)'2020%) 658.76 (0.0001) 0.91 <0.0001
18) ,5vv (0.0024)
duly 40.99 (0.0001) 71.72 509.34 (0.0001) 0.92 <0.0001

Numbers in parentheses indicate the standard error
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Figure 3- The trend of growth rate of indigo during the planting season on 28 June (A), 3 July (B) and 18 July (C) planting

dates. Points are the measured data and lines are the fitted function
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Table 3- The coefficients of the three-parameter Gaussian equation fitted to the data of cumulative dry matter of indigo

during the growing season in different planting dates

cuiS )b (e Sdd ol Sla)a ) b & iy S 03Y (202 9 4253) X Jloia ! g
Date ) (&30 50 +1Y0 y3 05) (s (ross Suid 23k 70 R®  Probability )
(planting a (Maximum dry matter b (Slope of X, (Cumulative degree days required to (level
accumulation) (g/0.25 mz) the line) reach 50% of dry matter accumulation)
18 ) sls)5 YA (0.008)
(Jun 34.38 (0.0002) 28292 1016.79 (0.0001) 0.99 0.0009
3) 5y (0.0238)
(uly 23.65 (0.0093) 182.67 729.02 (0.0003) 0.86 0.0481
18) ,s v (0.0057)
(uly 12.37(0.0027) 114.56 673.73 (0.0001) 0.94 0.0113

Numbers in parentheses indicate the standard error.
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Table 4- Results of analysis variance (mean squares) of traits as affected by planting dates
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(Source of variance) (df) (Leaf dry weight) (Stem height) (Biological yield)
(Block) S5k, 2 377.32 0.52 9072.19
(Treatment) ,los 2 74289.06" 176.77° 1360017
(Error) lus 4 967.99 1.77 134372
(CV%) (30 2) s g o3 8.20 1.68 5.24

** Significant at p <0.01 s ) waw d)law'.u**
Notes. Df, Degree of freedom; CV, Coefficient of variation
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Figure 4- Effect of planting dates on indigo leaf dry weight
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Table 5- Correlation between leaf dry weight, plant height and biological yield of indigo

Bl gla )l S SUiS 439 S e 3,dos Sle
Stem height Leaf dry weight Biological yield Traits
1.00 S 3 Sas
Biological yield
1.00 0.91 Sr S s
Leaf dry weight
. Slo sl
1.00 0.92 0.99 e e
Stem height

* Indicates significance at 5% level
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Figure 5- Effect of planting dates on biological yield (A) and height (B) of indigo plant

S5 g 9 Slas
cslS glag,b ol ded 0 samlin ¥ Jodn ) &8 jablen
dulio | Jobs gls al (P /0V) jh pixe S3glam 3 Slos 5
Oy cosls L;Lm@)b O g NN ULM.» gy u.;l u,&.ol.m
5y Sloe Loy, 3 YA el o)l an baspo S59lan 0 Slas

S 53 3B (58 ol s (b (1) olilen 5 (SY5S
sl il S >4 (Carthamus tinctorius L.) K,5
S (VF) S pmlS izman 93,5 o ] A5 5 (ool slaes L
L)) ialS o cuslS 3 3l 5l 56 a5, hals oS culs
Matricaria chamomilla ) asgl 0 s 5056 5 5 Slos
g oo (L.



IR0 5l ) oylodd VF wler (ol ! (o£1y5 Sleidgd 49 pii ¥

b Lials idg; cusls

S 5 A
OiblS g ady Jad 3,8 oS 5o b jl ciils s 8L
el c.)"’l-’ lalod L olS o J)LaagoLs 3 v Jmul.u
Lol s YA csls gyl oS Jb j0 b Lials olS widy b ud
&bv)l u_?)_g U)5 cJ}M .\af}) C,&).w «Sis odbo éo?u u.w‘)ﬁl
03e peozti LS 3ok il ol cuils ol ol Glejl ol
&4)519» .))SJ.Q.C uwljw)_mf)” 4> ;«5\;)39&»,\0
9 Ol a2 9558 ofg (e Lulyd (39 delas 05 Aoy
o> yiuls 8l 1y (giiiwgid slas gl g 6dged ooliuwl yips baylyid oy
oy 0y93 0ad 50l bl Gl Sejslen 5)Sles cales
sl 2o, cplply S o Agi (05508 (SS5edan 2, Sles olS
cdls Fu )l laedn i Sojglan 0,Sles oy b3 YA
Gl iyl a oy OB gyl byl d ) dews cuslio
29 sl 35 (6)500 (oSS (sl ol sl p3Y it liabo)

P pSelS VYANS e a5 VY cuils oyl 10 SG5elow
38 G dowg pLKin 395 cilS gu )5 el conday [l
3,0) o ccils @ s Sojolan 5,Shos (g0 s FYIVY
039t (Jare Lulpd (139 delune sy o 5lai &y 05 (pow CdlS
Ay dspe 3 olS il el Jol cdlS )l > )l a3 5 8
) 295 (s g dlga A5 3ged odlil yigg Lulyd cul ) (oo,
D 5 05 st Ko 3 Shas ol 35 03 il
=+ 1A8) ) St (Stsod Syjolan 3 )Ses g gy gl
P e 13l ity gy £lis) azyn (B Jgie) b oanlite (R
JW> 4 g o Jiy 39 g0 BLSI yia Bl )3 & (Sts o2l
(V) 0obSan 5 3y 31 olyan & 1) Sojelonr 0,8kas l33l
25 Jol Jbw )3 jew o) Suiglom 3)Sles ( yidey 8L >
OyeS g 45 Jols pgd cudls 2y pgd Jlo 3 9 Jol culS
pom CedlS )b )3 lalojl Jlo ¥ jo )3 Sofelgn 5,8kae i
alaalw ;5 cusls )l aw dalllas j3 (Y4) L6 08 5 .05 oanlie
Fodi o3l o> Jgl €3S o)l 93 o s o pl @

9 (S9—wgo ey 1y aolsy b)_ﬁ.o.c O3 iy ‘ul"f?‘" é.gh.p 5lolS
Plantago ) il cusls go,b p pal 8wl s (VW) o e

Zo )b & o |y Sjedgm 3,Sles 1o p3 VA/Y lads 4 (ovate L.

References

1. Adamsen, F. J., and Coffelt, T. A. 2005. Planting dates effects on flowering, seed yield, and oil content of rape and
crambe cultivars. Industrial Crops Products Abbreviation 21: 293-307.

2. Agriculture Ministry statistics, economic planning and the statistics office and information technology, production
and performance of the crop years 85 acres in Kerman province, Available at http://dbagri.maj.ir/zrt/product.asp
(visited 25 Jun 2012).

3. Cholaky, L., Fernandez, E. M., Asnal, W. E., Giayetto, O., and Plevich, Y. J. O. 1993. Safflower (Carthamus
tinctorius L.) sowing dates in Rio Cuouto. Pp. 395-402. Paper presented at The Third International Safflower
Conference. 14-18 Jun. 1993. Beijing, China.

4. El-Hag, Z. M. 1996. Effect of planting date, seed rate and method of planting on growth, yield and quality of black
cumin (Nigella sativa L.) in Khartoum state. Khartoum. p 97.

5. Ghassemi-golzari, K., Ghanehpoor, S., and Dabbagh Mohammadi-Nasab, A. 2009. Effect of water limitation on
growth and grain filling of faba bean cultivars. Journal Food Agriculture and Environment 7: 442-447.

6. Gholipoor, M., Ansori, A., Shahgholi, H., and Makarian, H. 2012. Determination of cardinal temperatures for
germination of indigo (Indigofera tinctoria L.). National Congress on Medicinal Plants. 16-17 May. 2012. Kish
Island, Iran.

7. Ghorbani, R., Kojeki, A., Jehan, M., Hosseni, A., Mohamad Abadi, A. A., and Sabet Taemori, M. 2008. Effect of
planting date, time and methods of weed management in different growth stages on yield and yield components of
cumin. Iranian Journal of Agricultural Research 7 (1): 143-151. (in Persian with English abstract).

8. Goldani, M., and Razavi Moghadam, P. 2006. Effects of different irrigation regimes and sowing date on growth
and phenological characteristics of three varieties of dryland and irrigated in Mashhad. Journal of Agricultural
Sciences and Natural Resources 14: 1-12. (in Persian with English abstract).

9. Gross, A. T. H. 1963. Effect of date of planting on yield, plant height, flowering and maturity of rape and turnip
rape. Agronomy Journal 56: 76-78.

10.Guptu, T. R. 1978. Path coefficient analysis of sesamum. Oleagineux 33: 15-62.

11.Imam, Y. 1994. Physiology tropical crop production (translation). University of Shiraz, Shiraz. (in Persian).

12.Jain, S., Nayak, S., and Joshi, P. 2010. Phytochemical study and physical evalution of Indigofera tinctoria leaves.
Pharmacie Globale 1:1-2.

13.Jansen, P. C. M. 2005. Dyes and tannins. Plant Resources of Tropical Africa. p 88.

14.Kacurik, S. 1979. Variation of essential oil and chamazulene content in chamomile. Ponohospodrastvo 25: 67-75.



¥o ...Wgoltfé).il».c5&)ﬁwu@‘)b‘ﬁ§‘i§@u)ﬁ

15.Lopez — Bellido, F. J., Lopez — Bellido, R. J., Khalil, S. K., and Lopez — Bellido, L. 2008. Effect of planting date
on winter kabuli chickpea growth and yield under rainfed Mediterranean conditions. Agronomy Journal 100: 957-
964.

16.Mosavi, K., Pezshek Poor, P., and Shahvardi, M. 2006. Weed population responses to dryland pea varieties (Cicer

arietinum L.) and sowing date. Science and technology agriculture and natural resources 40: 167-176. (in Persian

with English abstract).

17.Mosavi, S. Gh., Sghat elslami, M. J., and Poyan, M. 2010. Effect of planting date and plant density on yield, and
herbs Psyllium (Plantago ovate L.). Journal of Medicinal and Aromatic Plants Research 27 (4): 681-699. (in
Persian with English abstract).

18.Poorter, H., and Garnier, E. 1996. Plant growth analysis: an evaluation of experimental design and computational
methods. Journal of Experimental Botany 47: 1343-1351.

19.Singh, B., Saxena, A. K., Chandan, B. K., Bhardwaj, V., Gupta, V. N., Suri, O. P., and Handa, S. S. 2001.
Hepatoprotective activity of indigtone - a bioactive fraction from Indigofera tinctoria Linn. Phytotherapy Research
15:294-297.

20.Turkemn Nia, A. 1996. The effect of time planting of Nigella sativa on yield under contaion of Torbate Jum. Mcs.
Thesis agriculture, Torbat Jum unit Azad University. (in Persian with English abstract).

21.Zheljazkov, V. D., Pickett, K. M., Caldwell, C. D., Pincock, J. A., Roberts, J. C., and Mapplebeck, L. 2008.
Cultivar and sowing date effects on seed yield and oil composition of coriander in Atlantic Canada. Industrial Crop
and Products 28: 88-94.



Iranian Journal of Field Crops Research olrl =) Gty sy 4 s
Vol. 14, No. 1, Spring. 2016, p. 37-47 i FY-FY o IFAD kg o) oyleuis IF ol

The Effect of Planting Date on the Growth and Yield of Indigo (Indigofera
tinctoria L.) in Shahrood Conditions

A. Ansori"- H. Shahgholiz- H. Makarian® - M. Gholipoor4
Received: 01-03-2014
Accepted: 04-05-2015

Introduction

A suitable planting date is an important management tool to determine the best match between phenological
stages of plant growth with the environmental factors affecting them. Indigo is known for the natural blue
colors obtained from the leaflets and branches of this herb. In addition to indigo dyes, it has been used
medicinally to purify the liver, reduce inflammation and fever and to alleviate pain. Determining the proper
sowing time for the sowing indigo plant is highly important that should be based on the climate of each region
separately. The objective of this research was to determine the effect of sowing date on growth and biological
yield of indigo plant in Shahrood region.

Materials and Methods

This experiment was carried out on randomized complete block design with three replications in the
experimental field of the University of Shahrood, Iran, in 2011. Treatments were three planting dates (18 June,
3 and 18 July). Plant density was 50 plants per square meter. The distance between the plants on and between
the rows was 10 and 20 cm, respectively. Sampling was conducted in six-stages (every 15 days) randomly in
0.25 m*. Equation 1 was used to calculate the growth rate.

firg =g X . ] ;
CGR = m (Equation 1) Y = === (Equation 2)

In this equation, W,: dry weight in the first sampling, W,: dry weight in the second sampling, SA: sampling
area (m™), t;: first sampling time, t,: is the second sampling time. To do this, three parameters sigmoid function
[Eq. 2], were fitted to dry matter accumulation variation during the season (Equation 2): In the equation 2: Y is
the cumulative dry matter content at any time (x) of growing season, b: is the slope of increasing and xo is the
time (in degree days) of reaching to 507, dry matter accumulation. Gaussian function parameter [Eq. 3] was

fitted to the crop growth rate data variation:
- I oee =
Y =asl-#FPE=RT) (Equation 3) GDD= EI (-‘““—m) — T (Equation 4)

In equation 3: Y value is crop growth rate at any time (x) of growing season, b: is the slope of increasing
and x0 is the time of reaching plant to the maximum CGR. In this study, instead of day, we used growing
degree days (GDD) according to Equation 4: In this equation Tp.: maximum daily temperature, Tp,:
minimum daily temperature, Tb: temperature of the plant, which was considered to indigo 10.27 °C (6). Fitting
equations and drawing diagrams were performed using Sigma Plot 10 version. Analysis of variance and
correlation between traits were performed using SAS software and means were compared using LSD test at the
5% level.

Results and Discussion

Results showed that (Figure 2a and Table 2) the earliest planting date (18 June) increased total dry matter
and crop growth rate about 4.41 and 3.59 folds compared to third planting date (18 July), respectively. In
addition, the highest GDD was recorded for the first sowing date (18 June). The results showed that the fastest
(38.34) and the lowest (12.37) growing rate was related to 18 June and 18 July planting dates, respectively
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(Table 3). Gupta (10) also stated that there was a significant correlation between sowing time and plant
biological yield, as with delay in sowing date plant dry weight has been decreased. Mean comparison results
showed that the lowest plant height was obtained at the early planting date (18 June) and the lowest of it was
seen in the late planting date (18 July) (Figure 5 B). In the first planting date (18 June), biological yield
increased 47.27% compared to the later planting date (18 July). In third sowing date biological yield decreased
significantly than first and second planting dates (Figure 5 A). Zhelgazkov et al. (21) on Coriandrum sativum
L. showed that the earliest cultivation increased the length of effective growth period and finally caused an
increase in fruit and biological yield. The reason for reduction of biological yield in delayed cultivation in
addition to shortening of growth season is related to coincidence of vegetative and reproduction period with
summer heat which resulted in severe reduction in the stem height, leaf dry matter and finally decreasing
biological yield. This result is in agreement with findings of Kacurik (14); he stated that the height, fresh and
dry flowers of the chamomile was reduced with delay in planting date.
Conclusions

In this study, the highest plant height, leaf dry weight and biological yield, was observed in 18 June sowing
date. According to our results may be both day long and especially temperatures during reproductive growth,
flowering and maturity are the limiting factors in above ground biomass formation. Based on our results,
sowing dates of 18 June was the best planting date for indigo plant in Shahrood region.

Keywords: Crop growth rate, Cumulative dry matter, Medicinal plant, Planting time
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Table 1- Amounts of water use during crop season (m*.ha™®) for different irrigation methods

Skl ohy) Slouge gyl (ol SeudlS) JNL bl o sl
Irrigation methods Furrow irrigation Sprinkler Drip tape
June 2100 1857 854
July 2848 2385 1830
August 2663 2235 1857
September 882 740 572
&> Sum. 8493 7217 5113
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Table 2- Combined Analysis of variance (means of squares) of potato yield

Oyt lbe @il e,y Olgdome ger Olaye (ke
S.0.V df Sum squares Means of squares
) Jl 1 15.12 15.12 ™
(Y*Rep) Jus 5 /1,5 4 32.15 8.04"
(Irr.) )kl g, 2 341.23 170.70*
(Irr.*Rep) ,1,$5 x g,ll b, 5 40.05 1.80"
(Plant.) ¢35 s, 1 38.43 38.43°
(Irr.*Plant.) o)Wl g, x cuslS b, 2 47.31 23.66"™*
(Plant.*Irr.¥Y.Rep.) (s,ll (g, x Jlo x ,L,85 x csls” 3, 12 38.54 317"
(Var.) o3, 1 13.02 13.02™*
(I *Var.) )bl os; X od, 2 4.25 2.12"
(Var.*Plant.) cisls’ sy, x o3, 1 0.03 0.032"™*
(Irr.*Var *Plant.) (o )lul bg, x cudlS bey X o3, 2 1.09 0.55™
(Y Jlo xe )kl oo, 2 24.90 12.45"
(Plant.*Y) Jlo x culs’ s, 1 0.94 0.94™
(Var.*Y) Jlo xo3, 1 11.30 11.30*
(Var *Trr.*Plant.*Y) Jlo xcudls oy xcosbol (39, Xpd) 1 4.27 213"
Residual ss5le,3l 24 43.08 1.795

Irr.: irrigation methods, Var.: Potatoes variety and Plant.: Planting methods cuslS 59, Plant. g o8, :Var. ¢ )bl alobs Irr.
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Table 3- Comparison of potato yield under irrigation methods, planting methods and potatoes cultivars

Solel g, (1 (U2 )3 0,55kS) 008 3 Slos  (casSe o 2 0,59S) ©f (5550,
Irrigation methods Tuber-yield (kg ha®) Water productivity (kg m™)
(I,_Furrow irrigation) clsu e (s k! 20848 ¢ 245¢
(L= Sprikler) b (sl 26152 a 3.62b
(I;= Drip tape) o ()Wl 23794 b 449 a
o (¢
V) L3 24083 a 347 a
(V2) Usgb o 23233 a 345a
cwils i) (2
(P1) ) & 24388 a 351a
(Py) aas) 9 22927 b 330a

o y> gy (6ol aws y3 4SOl (905l sl e (P<0.05) o sime BB (gl ygim por 4> S yidio gy b lael

Numbers followed by the same letter are not significantly differentns (P<0.05), Duncan's test (95% confidence level).

L: irrigation methods, V.: Potatoes variety and P.: Planting methods cuslS' 3, P 5 13, :V (s kol ailob :I
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Figure 1- Effects of irrigation methods, planting methods and potatoes cultivars on tuber yield
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Table 4- Intensity and the infection rate of diseases on tuber to Scab

Jed Cardy Wl 00 506 5006 5006 &P e

Treatments Healthy Rate of diseases
IV,P, 20 40 20 10 5 19
IV, P, 15 40 30 10 5 21.5
LV,P, 13 40 30 10 7 235
LV,P, 19 30 30 13 8 25
LV,P; 30 35 25 10 - 14.8
LV,P, 29 40 15 15 1 15.5
LV,P, 30 35 25 10 - 14.7
LL,V,P, 35 30 20 15 - 15.5
LV,P, 52 20 15 13 - 12.3
LV,P, 55 15 15 15 - 13
LV,P, 45 25 20 10 - 12.5
1;V,P, 37 30 25 8 - 13.2

L.: irrigation methods, V.: Potatoes variety and P.: Planting methods cuslS" g, :Plant. ¢ 43, :Var. « ¢l alols 1T
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Table5- Intensity and the infection rate of diseases on tuber to rhzoktonia

Jed Cardy Wl 00 506 5006 5006 &P MR

Treatments Healthy Rate of diseases
IV,P, 40 35 15 10 - 11.5
I, V,P, 35 30 20 13 - 14.5
LV|P, 40 35 15 10 - 11.5
L,V,P, 35 35 20 10 - 13.5
LV,P, 45 30 17 10 - 122
LV,P, 50 25 15 10 - 10.5
LV,P, 45 25 20 10 - 12.5
LV,P, 45 20 13 12 - 11.5
LV,P, 55 15 15 6 - 9
LV,P, 55 25 15 10 - 10.5
LV,P, 40 30 15 10 - 11
L,V,P, 45 25 20 10 - 12.5

L.: irrigation methods, V.: Potatoes variety and P.: Planting methods cuslS’ s, Plant. g o8, :Var. « ¢ bl alels :Irr.
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Introduction

Water crisis as a main factor of agronomy limitation exists in all over the arid and semiarid regions such as
Isfahan, province which is located in the central part of the Zayandehrud River Basin (ZRB). Due to the increase
in the cultivated area of potato in Fareidan Region located in the west of Isfahan province, it will be necessary to
use pressurized irrigation systems to achieve the highest irrigation application efficiency and water productivity.

Materials and Methods

The ZRB (41,500 km®) is a closed basin with no outlet to the sea. The research was conducted in the Fareidan
region of Isfahan, which is located in the west part of the ZRB. The Rozveh Agricultural Research Station (32°,
58' N, 50°, 25' E) is located at the altitude of 2390 m above the sea level. This study was conducted as a
randomized complete blocks design as a split strip plot layout with three replications and during two years
(2007-2008). Three irrigation systems (Drip tape, Sprinkler and furrow) were considered as main plots, two
planting methods (one - row planting and two-row planting) as split subplots and two potato cultivars (Marfuna
and Agria) as split-split subplots. Production (Tuber-yield), the consumption water and cultivars reactions to

common diseases were evaluated in different treatments. The soil of the experimental area, according to USDA
Soil Taxonomy 1994 is of silty loamy. At the soil depth of 1m, soil salinity (1.1-2.0 dS m™), water salinity (1.24
dS m™), soil moisture at field capacity (23 Vol. %), and bulk density (BD = 1.44 g/cm’) at the field site were
measured or experimentally obtained in the Isfahan Soil and Water Laboratory. The results were subjected to an
ANOVA to analyze the effects of the treatments and their interactions. The data obtained were analyzed using
the compound variance analysis and the averages of different treatments were separated using the Duncan
multiple range test using the statistical software (SAS Institute, Inc., Cary, NC). The probability level of 0.05
(Duncan's test) also was selected.
Results and Discussion

An analysis of variance (ANOVA) was conducted on the irrigation systems and planting methods using
PROC GLM (SAS 9.1, SAS institute Ltd., USA). Duncan’s multiple range tests at 0.05 probability level was
used for paired mean comparison. The Results provided in two years show that the effect of irrigation systems x

year (P<0.05) and cultivars x year (P<0.01) on (Tuber-yield), the consumption water and cultivars reactions to

common diseases were found to be significant. There is no interaction between irrigation and planting methods,
Variety x planting methods, Variety x irrigation, irrigation x Variety x planting methods and irrigation x Variety x

planting methods x Year for (Tuber-yield), the consumption water and cultivate reactions to common diseases.

On the contrary, the effects of the irrigation system treatments on the Tuber-yield and water productivity were
significant (p<0.05). The effects of variety on Tuber-yield and water productivity were not significantly (P>0.05)
detected.

Sprinkler irrigation method with 26152 kg ha™ of production mean was preferred significantly to tape
irrigation method with 23974 kg/ha of production mean. Tape irrigation leaded to the highest mean of WP equal
to 4.69 kg m>. Two years comparison of yield mean showed no significant difference between Agria and
Marfuna potato cultivars. The two year comparison results of yield means using different planting methods
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2- Assistant professor of Economic, Social and Extension Department, Researcher of Esfahan Agricultural and Natural
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indicated that one row planting method (24839 kg ha™) was preferred significantly comparing to two row
planting methods (22927 kg ha™"). Evaluation of tuber infection by ordinary scab and rhizoctonia showed that the
highest mean of infection way observed in furrow method and the lowest one was observed in tape method of
irrigation. Scab infection in furrow irrigation was 47% higher than sprinkler irrigation and 78% higher than tape
irrigation.

Conclusions

During the three (2) years of the experiments with the three (3) irrigation treatments imposed on the potato
crop, it was found that the drip type irrigation system, despite its lower yield than sprinkler irrigation, increased
water productivity. A lowest pollution tuber to scab infection and rhizoctonia was determined by Drip type
method. Thus, using this method, particularly in water restrictions on potato planting is required. The highest
tuber yield was obtained in sprinkler irrigation, as well as from the point of view of the intensity and the
infection rate of diseases on the tuber to Scab and rhizoctonia there was significant advantage compared to
furrow irrigation. Therefore, in the lack of water restriction and the high speed wind can be used. The results
showed that the one row planting method for all treatments is desirable therefore highly recommended for
agricultural potato production.

Keywords: Drip tape irrigation, Furrow irrigation, Infection, Sprinkler irrigation
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Table 1- Physical and chemical properties of site soil at the depth of 0 to 30 and 30 to 60 cm
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Depth ) EC i pHdusww!  Organic matter N P - K Silt  Sand Clay

(cm) (ds m™) (%) (mg kg™) )

0-30 36 7.9 171 0.12 36 415 3 2 39
30-60 4.48 7.9 1 0.10 4 428 3 24 4
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Table 2- Comparison of the average main effects of maximum leaf area index and total dry weight of wheat cultivars under
different levels of nitrogen fertilizer in anthesis stage

B oy J"’ s b L )..SL» IS SWs (5955 PPt
T N Maximum leaf area index  \Maximum total dry weight  Light interception
ratments 2
(g m”) (%)
039
Nitrogen (kg ha?)
0 3.46¢C 948.7b 81.40c
50 3.96 bc 1089.9 b 87.26 b
100 4.44 b 2065.0 a 90.80 ab
150 5.17a 2571.1a 94.43a
5
Cultivar
Sw 4.06b 1784.0 a 85.87b
ol Sepahan 4.17hb 1887.0 a 87.85b
i Pshtaz 4.45a 2007.0a 91.70 a
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The columns that share at least one letter have no significant differences according to Duncan test at 5 percent of probability
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Figure 1- The trend of leaf area index changes (LAI) under different levels of nitrogen
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Figure 2- The trend of changes in the leaf area index (LAI) affected by different wheat cultivars
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Figure 3- The trend of total dry matter (TDM) under different levels of nitrogen
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Figure 4- The trend of total dry weight (TDM) under the influence of different wheat cultivars
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Figure 5- The trend of net photosynthesis rate (NAR) under different levels of nitrogen
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Figure 6- The trend of changes in the net assimilation rate (NAR) under the influence of different wheat cultivars
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Figure 7- The trend growth rate changes (CGR) under different levels of nitrogen
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Figure 8- The trend growth rate changes (CGR) under the influence of different wheat cultivars
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Figure 9- The relationship between the amount of light passing through the canopy (LN 1/1g) and leaf area index (LAI)
affected by different levels of nitrogen fertilizer
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Introduction

Wheat (Triticum aestivum) is a cereal grain, originated from the levant region of the near east and Ethiopian
highlands, currently cultivated worldwide. Light extinction coefficient K is a coefficient that represents the
amount of light reduced by the plant. Light or radiation extinction coefficient is a concept that expresses the light
penetration decrease into the canopy in the way the upper leaves of the canopy with less angles have lower
amount of K in comparison with the horizontal leaves. Green et al., (2003) stated that nitrogen fertilizer
increased light absorption by plant leaves; and affects the yield. The distribution patterns of nitrogen allocation
in leaves are more exposed therefore photosynthesis rate per unit leaf area and canopy were optimized.
Differences in canopy structure by the light extinction coefficient (k) of the Act Lambert - Beer is described,
along LAI differing due to different species and genotypes which are important factors in absorption and light
use efficiency. This experiment was performed to evaluate the maximum light absorption and light extinction
coefficient in different levels of nitrogen usage and wheat cultivars.

Materials and Methods

An experiment was conducted during 2011-2012 on a research farm of Islamic Azad University, Isfahan
Branch, located in Khatoon Abad Village (northern latitude of 32° and 40" and eastern longitude of 51° and 48’
with altitude of 1555 m above sea level). A split plot layout within randomized complete block design was used
with three replications. Main plots were consisted in four levels of N fertilizer (0, 50, 100 and 150 kg ha™) from
an urea source in main plots and different cultivars of wheat included Pishtaz, Sepahan and SW-486 in sub plots.
Planting was performed on 14 November 2011 and at a density of 400 plants per square meter. In order to
strengthen the land and required elements for plant regarding soil test and treatments based on the test plan, the
amount of a third off chemical fertilizer of urea, 46 % Nitrogen was given to the plant and two third by the end
of clawing the plot. In the period of growing in order to control brushes 2, 4, D herbicide and Fenitrothion
insecticidal was used for countering the louse pest and other insects. In the laboratory, leaf area was measured
using scanner and 4.Image 0.2 software program. To determine changes of growth indices, regression relations
were used. Total dry matter, leaf area index, net assimilation rate, crop growth rate, light interception extinction
were measured.

Results and Discussion

The results showed that the effects of N fertilizilation were significant on the maximum leaf area index, total
dry matter and light interception percent were related to Pishtaz cultivar and 150 kg N ha™ fertilizer treatment
significantly resulted Maximum light interception percent, net assimilation rate, with other treatments. Effects of
cultivar were significant on maximum light absorption. The Maximum absorption of light, crop growth rate, total
dry matter was related to Pishtaz. The interaction between nitrogen and the harvest index was significant at the
five percent level. The evidence showed that higher light interception in plants, is associated with the higher
performance of plant. The increase of light interception promote the biological and economic performance.

Conclusions

The results showed that application of 150 kg nitrogen per hectare, with the highest level of leaf area index
and higher light absorption caused higher extinction coefficient of light in the canopy. Nitrogen fertilizer
consumption increased light absorption by leaves, therefore the light extinction coefficient consuming more
nitrogen in the plant community. The Maximum absorption of light, crop growth rate, total dry matter was

1, 2- Ms.c, Associate Prof., Department of Agronomy and Plant Breeding, Isfahan (Khorasgan) Branch, Islamic Azad
University, Isfahan, Iran, respectively
(*-Corresponding Author Email: a_soleymani@khuisf.ac.ir)
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related to pishtaz. Scale of light extinction coefficient for fertilizer treatment control, 50, 100, 150 kg ha™, was
0.4675, 0.4794, 0.4858 and 0.495, respectively and for Pishtaz, Sepahan and SW-486 cultivars 0.488, -0.4618
and -0.4504, respectively. The results indicated that the application of 150 kg nitrogen per hectare, provides the
highest level of morphological characteristics of the plant for producing the highest level of dry matter. Nitrogen
fertilizer increased with increasing total plant dry matter. Treatment of 150 kg N per hectare, with the highest
plant height, leaf area index and light absorption led to the highest growth rate and resulted in the highest
biological and grain yield. The results indicated that 150 kg nitrogen fertilizer treatment for Pishtaz under similar
climatic conditions with the present study produces maximum amount of growth indicators.

Keywords: Crop growth rate, Leaf area index, Net assimilation rate
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Table 1- Physical properties of soil before initiation of experiment

Sk el (%) o) (%) edpws () oy
Soil texture Clay (%) Silt (%) Sand (%)
) 35.71 37.78 25.51
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Table 2- Chemical properties of soil before initiation of experiment
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P pewd AI;VE"‘"ab;e (opm)  (ppm) Sodium Carbon Neutrahmgg Total pH conductivity
ppm 0 compounds -1
(ppm) (%0) %) N (%) m?) (dS
580 8.16 0.37 3.18 35.29 2.29 0.09 7.48
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Figure 1- Effects of foliar spraying with SA and Putrescine on chlorophyll content of Summer Savory
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Sa,, Sa, and Sa; Showed Spraying with 1, 2 and 3 mM.I SA, respectively and Pusy, Pu;gy and Pu;so Showed spraying with Putrescine
in 50, 100 and 150 mg.I concentrations. based on LSD (p<0.05).
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Figure 2- Effects of Foliar Spraying with SA and Putrescine on yield of aerial parts and flowering stems of Summer
Savory
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Sa;, Sa, and Sa; Showed Spraying with 1, 2 and 3 mM.1 SA, respectively and Pus,, Pu;g9 and Pu;so Showed spraying with
Putrescine in 50, 100 and 150 mg.1 concentrations. based on LSD (p<0.05).
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Figure 3- Effects of foliar spraying with SA and Putrescine on yield of essential oil in Summer Savory
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Sa,, Sa, and Sa; Showed Spraying with 1, 2 and 3 mM.1 SA, respectively and Pusg, Pu,oy and Pu,5y Showed spraying with
Putrescine in 50, 100 and 150 mg.1 concentrations. based on LSD (p<0.05).
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Introduction

Summer Savory (Satureja hortensis L.) is an annual, herbaceous plant belonging to the Labiatae family. This
plant is most often used as a culinary herb, but it also has marked medicinal benefits, especially upon the whole
digestive system. The most important components of S. hortensis include volatile oils, phenolic compounds,
flavonoids and phenolic acids, tannins, mucus, resins, carotenoids and mineral components. Plant growth
regulators are used to improve the quality and quantity of medicinal plant production. Salicylic Acid is one of
this PGRs that involved in seed germination, photosynthesis, Stomatal opening and closure, Membrane
Permeability, Ions Absorption and transmission and other growth processes. Polyamines are ubiquitous low-
molecular-weight aliphatic amines that are involved in regulating plant growth processes. The most commonly
found polyamines in higher plants, putrescine (Put), spermidine (Spd) and spermine (Spm) may be present in
free, soluble conjugated and insoluble bound forms. It has been demonstrated that PAs are important for the
normal course of diverse plant ontogeny processes such as cell division and elongation, organogenesis and
somatic and zygotic embryogenesis.

Materials and Methods

This experiment was conducted in factorial based on a randomized complete block design with three
replications in Karaj, Iran. Foliar spraying with SA (1, 2 and 3 mM.l) and Putrecine (50, 100, 150 and 200
mg ") was performed in thrice in Savory growth period. Spraying was performed at 21, 35 (Budding Phase) and
56 (flowering initiation phase) day after seed germination. In flowering stage, some morphological traits such as
plant height, weight, yield, canopy diameter, stem diameter, leaf area, essential oil content and efficiency were
measured.

Results and Discussion

Analysis of variance showed that the effects of salicylic acid and putrescine spraying on plant height, canopy
diameter, stem diameter, number of axillary stems, foliage dry weight, foliage yield, flower dry weight, number
of leaves, leaf dry weight, leaf yield, leaf area index (LAI), number of inflorescence, dry weight of inflorescence,
total chlorophyll content, chlorophyll a and b content, essential oil content, yield and efficiency was significant
(P< 0.01). Application of 100 mg.l putrescine resulted in maximum plant height (45.67 cm) that showed a
significant difference with control and 1 mM.l SA treatments. Highest number of inflorescence per plant
obtained in pots spraying with 150 and 200 mg.l putrescine and 3 mM I SA. It seems that spraying with
putrescine improved vegetative growth through production enhancement of biosynthetic enzymes. Putrescine
increased the cell division in plant tissues due to the presence of nitrogen in its structure. Treatment with
putrescine significantly improved plant height in Matthiola incana. In response to spraying with 3 mM.l SA
amounts of stem diameter, number of leaves per plant, dry weight and yield of leaves and number of
inflorescences were significantly increased in comparison with other treatments. Highest values of axillary
stems, dry weight of aerial parts, weight of flowering stems, leaf area index and inflorescence yield were also
observed in 3 mM I"' treatments but it did not show significant deference with any of the other treatments. It was
well documented that salicylic acid exert their influence on physiological and biochemical processes, including,
photosynthesis, ion uptake, membrane permeability, enzyme activities, flowering, heat production and growth
and development of plants. SA can increase growth parameters in Summer Savory by enhancing photosynthetic
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rate and nitrate metabolism. SA increased the activity of nitrate reductase both in leaves and roots of maize
plants. Maximum total chlorophyll content was obtained in plants, spraying with 1 and 3 mM I SA that was
significant. Application of 1 and 3 mM 1" SA resulted in higher amounts of chlorophyll a and b, respectively.
Moreover, all putrescine concentrations eventuated to significant increase in chlorophyll contents compared to
control treatments. Talaat (33) reported that foliar application of putrescine increased chlorophyll and
carotenoids content, soluble and non-soluble sugar, proteins and alkaloids in sweet pepper. Based on Figure 2, it
was clear that the yield of aerial parts and flowering stems gradually increased with addition of SA concentration
and reached its maximum at the 3 mM 1" treatment. However the significant difference between putrescine
concentrations was not observed.
Conclusions

This study revealed that foliar application of SA and putrescine significantly affected the morphological,
physiological and biochemical traits of Satureja hortensis. Thus, it can be used as a plant growth regulator for
yield and essential oil content improvement in field production of this plant.

Keywords: Essential oil, Medicinal plants, Natural products, Plant growth regulator
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Campact petal in 22 April
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Figure 1- The trend of leaf area index changes in sparse and compact petal marigold at first planting date (22 April) and
second planting date (2 May) in 57 (C1), 41 (C2), 32 (C3) and 26 (C4) plant densities in square meter
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Figure 2- The trend of total dry weight changes of sparse and compact petal marigold in first planting date (22 April) and
second planting date (2 May) in 57 (C1), 41 (C2), 32 (C3) and 26 (C4) plant densities in square meter
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Table 1- Analysis variance of different levels effect of planting date, plant density and variety on some growth parameters

of marigold
Sl po (1SSbo
Means of square
5 ootd 2ol .. 5 J5 slaws Yoer 5 s
usmv cef PR el J ] ) 039 2 W ~o o,
ource.o LR ) Gy g L] Judg IS . ol
variation Degree of : Number of 1000 o9 i
Plant SPAD A Essential
freedom flowers in seed 7 Oil .
height . Number 7 oil
plant weight
Gl )b 1 292.02™ 42.64™ 43.58™ 15.28 40.92" 34.7"
Planting date
Ve 2 28.69 0.46 0.11 34.06 0.005 0.001
Error 1
Gy 051 3 461.4™ 13.21" 16.71" 12.8 8.95" 56"
Plant density
~°) 1 241.5" 0.81" 10.02" 41.68 0.31" 0.9”
variety
5 x Sl
w8 % o517 3 11.3 1.20" 0.66" 23.7" 0.06" 0.07"
varietyxPlant density
Plant Planting date 3 19.47" 2.40™ 0.46" 11.2" 0.23" 0.3
density
3, x CwslS & ,U
% & 19.2° 2.10™ 0.26™ 5.46" 0.08" 0.011°
varietyxPlanting date
oS Ty % o8, % Cwdls &)U
variety x Planting date 3 12.61™ 0.80™ 0.07™ 3.91™ 0.13™ 027
x Plant density
Vs 28 4.51 0.10 0.09 1.1 0.07 0.04
Error 2
e - 9.2 10.5 75 8.1 6.4 5.8
CV (%)

e pf 9 Joyd 0 5 Moy ) o 43 b e i gy NS § F HE
** * ns: Significant at 1% and 5% probability level, Non-significant difference, respectively
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Table 2- Mean comparison of different levels of planting date, plant density and variety on quantity and quality traits of

marigold
gWw)! Qg D JSdaxs Al Ve 439 oA ls Lo yd -2
W lows &gy Number of 1000 Judg IS of bl
. . 9 .
Treatments Plant height flowers in Seed weight SPAD 20l Essential
(cm) plant ® Number : 7 oil
Planting date c.uils’ &,
i)
"'))_Y 43.88 a 1845 a 113.13 a 3825a 169 a 0.182a
22 April
Cutigd) VY
= 31.48b 1373 b 117.43 b 29.59b 15.05b 0.131b
2 May
Plant densities &5 oSy
S0 OV
s 44.65 a 13.80d 204.04 a 3830a 16.41 a 0.182a
57 plants
5o FY
il 39.8b 145¢ 135.00 b 34.60b 163 a 0.166 b
41 plants
A 34.6¢ 16.57b 91.32¢ 31.84¢ 1585¢ 0.147 ¢
32 plants
i Y5
el 31.6d 195a 70.77d 30.95d 15.06 d 0.133d
26 plants
Variety .3,
2 o5 43200b 1580 b 118.55b 36.98b 15.89b 0.153b
Sparse petal
FR 47.00 a 1726 a 132.01 a 39.10a 16.05 a 0.164 a
Compact petal

Asbge S gesl b duoyd iy e 40 Yl e VS| S8 Mty S yiiie B> G ()b JBlus 45 Lla i Sile g ya
In each column, means which followed by similar letter(s) are not significantly different at 5% probability level.
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Table 3- Mean comparison of interaction effects of planting date x plant density and planting date x variety on quantity and
quality traits of marigold
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level
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Introduction

Marigold (Calendula officinalis L.) is originated from North West Africa and Mediterranean area, is a
medicinal plant used for several purposes. It is an annual herb or short-lived perennial from the Asteraceae
family with yellow or orange flowers. The Marigold has been used as a traditional medicine and food dye, but is
currently used as an anti-inflammatory and wound healer. It is grown for drug, obtained from the flowers. The
flowers blossom during summer three or more times per year. The essential oil of yellow or orange petals of
Calendula officinalis L. is one of the important yield components which is used for food and medicine.
Moreover, the seed has an oil content of 5-20 %. Seed oil could be used as a binder in paints, coating and
cosmetics.

Growth, development and production of medicinal plants, as well as other plants are affected by genetic and
agronomic factors. Planting date and plant density are two most important factors that can affect yield and yield
components. Planting date affects the quantity and quality of secondary metabolites of medicinal plants. The
optimum sowing date and plant density can improve the light and temperature absorption and other factors
during the growing season. The positive effects of optimal planting date and plant density has been described by
a number of researchers. The Plant population is dependent on the plant characters, growth period, time and
method of cultivation. Also, the suitable sowing date has advantages for maximum production. Early sowing in
the spring causes weakly establishment of plant and late planting date shortens growth period and simultaneous
flowering period due to high temperature in summer. In this study, the effects of plant density and planting date
on physiological indices, quantity and quality of two varieties of spare and compact marigold has been
evaluated.

Materials and Methods

In order to determine the effects of planting date and plant density on physiological indices, quantity and
quality traits of two varieties of marigold (Calendula officinalis L.), a split-factorial experiment with three
replications was carried out in agricultural research station in Arak (latitude: 340 5' N; longitude: 290 42" E; 1757
m altitude) in 2010 the growing season. Soil was silty-loamy with pH of 7.5 and EC of 0.8 Ds ms-1. The
experimental factors included two planting dates (22 April and 2 May), four planting densities (26, 32, 41 and 57
plants/m2) and two varieties (sparse and compact petal). Thinning was performed 20 days after cultivation.
Irrigation was carried out in 7 days intervals. For determination of growth indices, ten plants from each plot cut
from crown and dried for 48 h in oven at 70°C and then weighted. The plant height, number of flowers per plant,
leaf chlorophyll, leaf area index, total dry matter, seed yield, 1000 seed weight, essential oil and grain oil were
measured. The extraction of the essential oil of the flower was performed using the Clevenger apparatus by
steam distillation (1). Extraction of grain, oil was accomplished according to the soxhelet standard method. The
data were analyzed using the statistical analysis system (SAS 9.1) and means were compared using Duncan test
at P <0.05 probability.

Results and Discussion

Results showed that, planting date and plant density had significant effects on physiological indices, plant
height, and number of flowers per plant, 1000 grain weight, chlorophyll index, oil percent and essential oil
percentage of marigold. Late planting and decreasing plant density, reduced leaf area index (LAI), total dry
weight (TDW) and crop growth rate (CGR) indices. The compact petal variety showed the highest growth
indices compared with spare petal plants. On the other hand, early planting, high plant density and compact
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petal variety increased the growth and development of plants. The first planting date had higher leaf area index
compared to second sowing date. It seems that first sowing date made adequate leaf area indices for light and
radiation absorption for photosynthesis. Number of 57 plants per square meter in the first and second planting
dates improved plant height by 25.1 % and 34.4 %, compared to 26 plants per square meter, respectively. It is
noticeable that delay in planting date reduced the mention plant traits. The second planting date (2 May) with 57
plants per square meter in comparison to the first planting date (22 April) decreased chlorophyll index by 18.4%.
The compact petal variation showed the highest number of flower and oil percent in comparison with sparse
petal variety. The compact petal variety in the number of 57, 41, 32 and 26 plants densities increased essential
oil percentage by 9.8, 6.8, 3.5 and 9.1 % compared to sparse petal, respectively. Martin and Deo (32) showed
that the highest flower yield in Calendula officinalis L. was observed in 40 plants/m2 density and April 15
sowing date.
Conclusions

The present study showed that the best result for different traits with the exception of number of flower per
plant achieved in the first sowing date (22 April) with a compact petal variety and 57 plants per square meter.
Therefore, this treatment is suitable for marigold cropping in Arak situation and areas with similar climate and
weather.

Keywords: Essential oil, Growth, Marigold, Plant sowing
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Table 4- The Correlation between traits yield and yield components of baby corn var KSC403su
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*and ** : significant at the 5% and 1% probability levels, respectively
Ns: Non- significant
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Table 5- Analysis of variance yield and yield components sweet corn in different plant density

& 4,3 .::; 2 ), ’:::b 039 b)j:c .D)S.La;
i 5l P D b SR SR
5.0V or &= Rowinear Rl G Gren
Block (R) Sl 3 2.78"™ 0.10™ 1.58"™ 5.09™ 7963.03™ 1189432.00™
Plant (D_) 4 o517 3 6.80™ 1.88" 34.30" 148.077 52273.01"  1207069.85"
density
Error(A) s 9 3.06 0.39 2.85 10.15 7239.73 64485.68
C.V(%) Ol S g p> 8.3 3.4 48 14 7.7 2.1

3 xepme NS o yd Vg0 paw )3 I3 gxe oty ¥ 5 *

*and ** : significant at the 5% and 1% probability levels, respectively
Ns: Non- significant
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Table 6- Mean comparison for yield and yield components in sweet corn var KSC403 su

JY . )

&y T 9oy 55 Y slari I ,d cudy dlawi Cydy 45 &ls Sluws () Grain ylelld Green ear ¥leld
(plant m'z) N. ear/ha Row in ear Grain in Row (kg ha™) (kg ha™)
7 19.1 155 38.1 221.5 965.3 11398.0
9 20.7 145 35.9 217.4 1232.5 12607.2
11 215 144 33.6 213.1 1135.9 12511.3
13 22.1 13.9 31.4 207.3 1052.6 12220.2

LSDyg 05 1.7 1.1 3.2 5.1 133.6 993.0
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Table 7- The correlation between traits yield and yield components of sweet corn var KSC403su

NE ROW GRAIN WG YG YE
NE adow solg j5 I slass 1
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WG &b a5 -0.70™ 0.59" 0.73" 1
YG als 5,8k 0.48" 0.034"™ -0.17™ 0.027™ 1
YE 5o M 3,Skes 0.70” -0.30™ -0.25" -0.30" 064" 1
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*and ** : significant at the 5% and 1% probability levels, respectively
Ns: Non- significant
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Introduction

Sweet corn is the one of the most important types of corn. There is a high amount of sugar in the endosperm
of sweet corn than dent corn. Baby corn is the ear of corn that is being harvested in the silking stage before the
end of pollination. This crop has an interesting using methods as salad, conserve production and vegetative
consumption. Both two sweet and baby corn is obtained from one plant in different growth stages and could be
harvested from one corn hybrid. Best yield and quality of baby corn is obtained from sweet corn hybrids,
because of high amounts of sugar in the grains and ears. Sweet corn and baby corn could be harvested at early
dough stage (with about 30 % of humidity) and early silking stage before the pollination is completed,
respectively. Plant density is the most important factor in growing corn, especially in sweet and baby corn.
Khuzestan province is one of the main regions of corn production in Iran. In Khuzestan, forage and silage corn
have the most production among the summer crops. Corn is planted in two planting date in Khuzestan: early
spring and early summer. Spring corn planting produces little grain yield due to Simultaneity of silking stage
with hot early summer days. Because of little production and little research about sweet and baby corn, this study
was performed and designed.

Materials and Methods

In order to investigate the effects of plant density and harvesting method on sweet corn and baby corn yield,
an experiment was performed during 2012-13, in research farm of Ramin Agriculture and Natural Resources
University of Khuzestan, located in southwest of Iran. In this experiment, four plant densities (7, 9, 11 and 13
plants.m™) and two harvesting methods (baby corn and sweet corn) were investigated in an RCB statistical
design with four replications. The KSC 403 hybrid was used and investigated in the experiment, as a sweet corn
hybrid. Statistical analysis was performed using SAS 9.1 through GIM procedure. Means of all treatments were
comprised using least significant difference (LSD) at 5 % probability level.

Results and Discussion

The effects of plant density on yield components of baby corn was significant. Increasing the plant densities
increased the ear number and percentage of non-standard ears. The Highest yield of ear without husk, standard
and non-standard were obtained (2649.5, 766.97, and 3043.9 kg.ha™, respectively) with 13 plants.m™. In sweet
corn, increasing plant density from 7 to 13 plants.m™, decreased row per ear, grain per row and thousand grain
weight. Highest grain yield (1232.5 kg ha™®) and green ear (12607.2 kg ha™) of sweet corn were obtained with
plant density of 9.m™.

Conclusions

Analysis of correlation showed that in both baby and sweet corn, there were positive and significant
correlations between yield and its components. There was the high number of non-standard ears in all
experimental treatments. In sweet corn, the standard ear without husk yield has positive and significant
correlation with all traits except the percentage of standard ear and sheathed ear weight. In addition, unsuitable
climate conditions during silking stage reduced the yield of sweet corn through the high number of aborted
florets. Yield of sweet corn yield showed negative and significant correlation with grain row per ear and grain
per row. However, increasing the ear number.m™ increased yield in higher plant densities up to 9 plant.m?
density.
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2- Assistant Professor, Ramin Agriculture and Natural Resources University of Khuzestan

3- Professor, Ramin Agriculture and Natural Resources University of Khuzestan
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Generally, the baby corn had high yield with good quality in this region, but, standard ear percent of the baby
corn of the hybrid KSC 403 was very low. On the other hand, sweet corn grain yield was low due to high air
temperatures during pollination and maturity stages.

Keywords: Correlation, Ear Without sheath, Green ear, Standard ear, Thousand grain weight
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Table 1- Chemical and physical characteristics of soil for experimental site

. u’; o w e
SK cab oy JB (59 %0 b e EC
- " Available nitrogen e . . oC OM
Soil texture PPM) P Potassium — pH (e y (ol jow3) %) ()
(Ppm)  (pPM) (dsm™)
(ppm)
oo 65.4 66.7 356 7.92 7.86 132 2.28

Sandy loam
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Table 2- Analysis of variance (mean squares) growth characteristics, yield, yield components of sorghum under the
influence of various fertilizers

M):

. Jgb LG paibalas
S lio omdlis glis| w0
a4 .
Source of ) 7 Ay Job Sg 3 5os Numb Thousands
o & ady) : Yield umber seeds
(variation Percent of Iy Height of seed in -
(df)  rootlength  SPecific : weight
Y root panicle
colonization
length
Sob
Replication 2 62.055™ 56.155™  0.01™ 1.92" 845.369™ 9.055"™ 1.192"
Sloss
Treatment o x - ns " - -
5 1051.822 204.218 0.303 47.586 023.8287 4623.155 3.426
Error
s 10 188.47 54.229 40.59 2488.89 7721.255 0.338
CV (%) 10.53 17.02 5.26 13.82 17.59 1.87

70 97N paw )3l gxe BWB| 3439 b Sy # g st 3 dme BMB] D93 pac NS
ns, *, **: non-significant, significant at p = 0.05 and p = 0.01, respectively
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Figure 1- Changes percent root colonization of sorghum bicolor plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 2- Changes specific root length of sorghum bicolor plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 3- Changes LAI of sorghum bicolor plant as affected by different fertilizers



AR e 51410 25 ygm & yShoe g gy B SR By 2 S ouisS lols 5,8 Sl

a
126 -~
124 4
122 4
’g - 120 4
E % 118 4
o0 3 .
=3 116
= 114 -
112 4
110 -+
108
M+N M+V M+NPK M+R
Fertilizers
LassS £lgl

i (§WogS 5T o 095 s e £, Sy —£ JSUS
(ol a0 yd geiy Jlosin ! gl 55 415 gize WA ois d0ad 3lid B ygiw ;5 S pinbio By S JSlas d929)
Figure 4- Changes Hight of sorghum bicolor plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 5- Changes yield of sorghum bicolor plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)

1529550 (25 5 Jlosd o )3 Y/ oV o 43 15559800 jlod ey i) Glgieds 45 e Slao S5 5l ianigh 45 Aild Sl

9 1525950 bglswe jlos o yd ¥8/5) Cand 4 CongpeS (5095 9 dilon 45 0 o adgs 5> dild dlawi 33,5 0 3L ] 5l 5,Shes
23550 (Rl Lo g duoyd FY/AY Coas & NPKC Lo 358 s )l iy 5, Shas (65 S5 1 6550 i aib i o5
S sl yid ald 4 0o )3 YYIVY s 4 pomginy 5L 9 (0 JSi) y ados &l slaw p odolesl syl 31 51 Juols
@8 G jer il puyp Ban L a5 (V) oK g ol3de uios 3 acllas 3550 (gLl cp y3 (6 I3 sine VS oS 5l Lis
Ay s ol plomil )3 olS' 2ol s/ (sl S g 1559500 a8 ol s iolel cpl (cladsdl 5l 3439 doyy K prdans
$355 slojlogs 53U g )3 5, Shos (il 53 Slos o FUDD s 4y 15350 5 (oS gy () 355 W59 pesily



YD 5l O oyleds OF alo oyl pl oo ly) Gleirgy 4 pis VP

el el ;50 Al i o3e 5 bl cusliS Bl gl xe yboay I
Cuto 13l doyd ) prdaw 3 & a5 9 4l 5, Sdes 13 )eSse

700 4 a
S 600
o .
£
B 2 500 -
gl
= N =
: 3 400
< .4 300 -
_%3 3 200 -
2 100 -
0
MAN  M#V  MANPK MR
Fertilizers
a3gS glgil

Gliso (B3gS il Cod 055 yow dwigd ;5 dild Blaad il puts - S5
(ol a0 > geiy Jloin] gedaws 55 413 gizo SWAT s 203 i B ygim ;3 S pinio > S J8las d929)
Figure 6- Changes number of seed in panicle of sorghum bicolor plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 7- Changes thousands seeds weight of sorghum bicolor plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Introduction

Since the use of chemical fertilizers causes environmental pollution and ecological damage, so application of
biological fertilizers and selection the effective and compatible species in an special area, could be beneficial for
sustainability of agroecosystems there. Nowadays, attention to the interrelation of plant-organism tended to
interrelations between plant-organism-organism. Such nutritional relations, have ecological importance and
important application in agriculture. The aim of this experiment was to evaluate the effect of chemical, organic
and bio fertilizers on sorghum performance.

Materials and Methods

A field experiment was conducted in a randomized complete block design with three replications. The
experimental treatments include three kinds of biofertilizers and their integrations and vermicompost and
chemical fertilizer as follow: 1- mycorhhiza arbuscular (G.mosseae) + vermicompost 2- mycorhhiza+
Nitroxine® (included bacteria Azospirillum sp. and Azotobacter sp.) 3- mycorhhiza arbuscular+ Rhizobium
(Rhizobium sp.) 4-mycorhhiza arbuscular + Chemical fertilizer NPK 5- mycorhhiza arbuscular 6-control.
Mycorhhiza and chemical fertilizer were mixed with soil at the depth of 30 cm before planting. Seeds were
inoculated with bio fertilizers and dried at shadow. First irrigation applied immediately after planting. In order to
improve seedling emergence second irrigation was performed after 4 days and other irrigation was applied at
regular intervals of 10 days. Studied traits were: height and percentage of root colonization, specific root length,
seed yield, number of seeds in panicle, thousands seeds weight. To determine the specific root length (root
length in a certain volume of soil) at the end of the growing season, plants in each plot were sampled. Then the
length of root of each sample was determined.

Results and Discussion

The results showed that although the treatments did not affect the height of stem significantly, but they had
significant effects on characteristics of root length colonization, specific root length, leaf area index, crop yield,
number of seeds per panicle and thousand grains weight. The results demonstrated that the highest percent of

root length colonization (82), specific root length (51.82 m root in 25 cm? soil), leaf area index (5.47), seed yield
(425.62 g.m-?), number of seeds in panicle (635) were obtained in mycorhhiza with Nitroxine® treatment. The
highest weight of thousands seeds (29.26 g) was gained in simultaneous use of mycrhhoriza and vermicampost.
On the basis of our results, the integration of mycrhhoriza with Nitroxine® is suggested as the best fertilizer
treatment for sorghum.

Conclusions

The results showed that the application of mycorrhiza with nitroxin had the greatest effect on growth
characteristics and yield of sorghum. It seems that whenever there was a source of nitrogen beside the
mycorrhiza, the performance of sorghum was higher. Undoubtedly, application of bio and organic fertilizers
specially in poor soils, have positive effects on soil physical and nutritional characteristics. On the other hand
according to economical, environmental and social aspects, they are benefits and could be appropriate alternative
for chemical fertilizers in future.

Keywords: Mycorhhiza arbuscular, Nitroxine, Percent of root length colonization, Specific root length,
Vermicompost
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Table 1- Analysis of variance for morphological and Irrigation and millet genotypes
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(Repeat) 2 0.20 321.96 0.57 0.49 2.56 0.01 59017664.9 75752.46
epea
LJ] * *k * * kK q k.
N 1 0.19 4295.15 0.88 2.44 56.65 0.001™  28184002.7 4741.40™
(Irrigation)
( als ) 2 0.02 159.36 0.12 0.02 7.82 0.02 12058893.6 3321.13
Error a
%) 8 0.26" 1530.93" 8.01" 2032 211517 0317 14224507.8" 428933.47"
(Genotype)
Ohl i 93 S
(Differences 1 058" 2272637 20417 42547 42647 0607  3891985.80™ 73173.69"
between the sexes
Millet)
"v\-'l‘N-Bb ns ns sk #k #k * ok sk
(The remaining) 7 0.07 304.48 2.05 4.25 122.05 0.08 7981561.09 280046.18
93 Xkl
(Irrigation x 8 0.14™ 241.33™ 136" 136" 170517 0.02" 4511634.9" 149749.86"
genotype)
‘;w O})‘ * ‘5)L\3" * kK *k *k *k *k ko
(Irrigationx 4 0.09™ 401.27 3.51 7.44 147.88 0.14 11894304.15 347399.65
common millet)
by £ il sl ) )
(Irrigationx foxtail 3 0.04"™ 175.42™ 0.09™ 0" 87.61 0.004™  2088131.88™ 190241.55
millet)
i 95 hlize 1 M
(The interaction 1 0.58" 2272637 20417 55427 42647 0.60" 3891985.80™ 73173.69"
between the
sexes)
b ks
(Error b) 32 0.03 135.96 0.20 0.36 5.34 0.03 1862670.4 12751.10
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Table 2- Comparison of the interaction of Irrigation and millet at varieties vegetative and reproductive traits
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HKEY] ol 3 3, Sos
, L el Wl L Jswl T 02 als 3, Shos
S ey _ aa Lo wb).g PHINE &9]
? T ws s (cm) oy : “a 9% (kgha')
= LS (%) () (kgha™)
Sanli 0.5 73.4% g9k 3g¢be 52 0.8 >f 4724.0°F 169.0™™
o 0.2¢ 57.48 23%¢ 48" 40 0.8 >f 2662.6" 100.0¢"
N 0.8 56.88 1.2¢F 20¢ 11.3% 1.3 3105.3 < 592.0%
s P69 0.4¢ 61.3°¢ 214 34¢ 8.4 0.8"° 3660.6""  426.6°
St P101 0.8 70.6%¢ 1.1 2.1°¢ 3.7 0.6%¢ 6422.0% 294.6 41
( reSS) - ab c-e ef f f-h c-g f e-h
olisly 1.0 81.4 1.0 1.0 6.6 0.6 2979.3 226.6
879 L1 80.2°" 09 1.0° 2.6" 0.7 ¢ 2900.6" 85.3"
S81 1.0% 90.7%4 1.0 10°f 7.0 0.6 4¢ 4042.3 <t 504.0
S85 1.0%® 1067  04F 1.0 ° 6.3 ™ 0.51% 4990.0°F 388.6 ¢
Sanli 0.8 97.6¢ 520 59° 6.1™ 0.9 >d 9168.6° 234.0%"
o 1.1%® 58.6' 3.2° 6.8° 16.2¢ 0.8%¢ 3165.3 < 334.6%F
N 1.0% 709%  16% 22° 334° 1.1%® 3290.6 1299.0°
Jley P69 056 99.2*¢  33° 40™  13.8% 0.9 593834 776.6"
N | P101 1.0% 85.7%4 12 yvée 47t 0.6%¢ 7924.6 304.6 ¢¢
( orma ) - ab ab ef f e-g d-g be c-e
olisly 1.0 107.6 1.0 1.0 7.3 0.6 6389.3 420.6
879 1.2° 1o4* 12 10" 60" 0.4 367267 122.0"
S81 1.0%® 100.5°¢ 1.0 1.0f 23.2° 0.6%¢ 5666.0° 784.0°
S85 1.0%® 108.1*  0.7° 1.0f 7.7%¢ 0.5%¢ 5699.3%¢ 440.6°¢
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The mean of at least one letter in common, they are not statistically significant at the 5% level.
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Table 3- Comparisons of mean growth characteristics, yield and yield components for common and foxtail millet genotypes
under different irrigation regimes

) o aoy 33 51.“65)1 :Lw“ :Lwi u“"L‘“ 39 > ,&,.o&. > ,SJ.o.c'
ok B N Sld P dshl by il Sjgden 4l
. | v (cm) 53 LS 2 (%) (9) (kgha®)  (kgha®)
yoxe (1))
. (Crglirlllfengn 0.55b  63.93b  194a 3.23a 6542  0.92a 4114932 316.46a
(Stress) by 3 o)
gl(;ﬁggl 102a  89.78a  0.83b b 5676  0.62b  3728.08p S01.16b
Sgeme 033
o (Clgfilﬁfggn 091b  8243b  29la 3.93a 1487a  094a  5897.52a  589.79a
(Normal) (&b p3 o5))
(Ifgﬁgl)l 1.05a  106.68a 0.99b 1b 11.12b 0.57b  5356.83b  441.83b
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The mean of at least one letter in common, they are not statistically significant at the 5% level.
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Figure 1- Compares the average height of a) Irrigation treatments and b) Genotypes
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Figure 2- Compares the average weight of grain millet genotypes
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Table 4- Indicators of drought tolerance and yield in normal and drought conditions in Millet

ewig;  YP YS SSI TOL GMP STI MP Yl YSI
Saliy 234 169  0.68 65 198.86 0.14 201.50 0.55 0.72
) 33477 100 1.71 234.67 18294 0.12 217.33 0.32 0.30
Sls 1299 592 133 707 87693 2.80 94550 191 0.46
P69 7767 4267 1.10 350 575.65 1.21 601.67 138 0.55
P101  304.7 2947 0.08 10 299.62 033 299.67 095 097
okl 4207 2267 1.12 194  308.79 0.35 323.67 0.73 0.54
S79 122 853 0.73 36.67 102.03 0.04 103.67 0.28 0.70
S81 784 504 0.87 280 628.60 044 644 1.63 0.64
S85  440.7 388.7 0.29 52 413.85 0.62 414.67 126 0.88
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Table 5- Correlation indices of drought tolerance and yield in stress and non-stress

YP YS SSI TOL GMP STI MP Yl
YP 1
sk

vS 0.89 1

SSI 0.37 -0.02 1

TOL 0.93 ** 0.68* 0.64 1
GMP 0.97 **  0.96 ** 0.20 0.84 ** 1

STI 0.98** 0.90** 0.28 0.90 ** 097 ** 1

MP 0.98 ** 0.95*%* 0.25 0.87 ** (.99 ** 0.98** 1

VI 0.89 ** (.99 ** -0.02 0.68 * 0.96*%* 090 ** (.95 ** 1
YSI -0.37 0.02 -0.99 ** -0.64 -0.19 -0.27 -0.24 0.02 1
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Introduction

Drought stress is the most important factor limiting plant growth throughout the world so that the slowdown
in drought is far more than other environmental stress (1). Following wheat, rice, maize, barley millet and
sorghum, are the world's most important annual crops.

Materials and Methods

In order to evaluate the yield and yield components of millet genotypes and determine the most tolerant
genotype based on indicators of drought tolerance a field experiment was conducted at the research farm of the
Faculty of Agronomy of the University of Shahid Bahounar university of Kerman-Iran in 2012. The experiment
was carried out as split plot based on the randomized complete block design with three replications. Main plots
were dedicated to drought, water levels (50 and 100% field capacity) and in the subplots millet
cultivars(including Common Millet: Pishahang cultivar, Rabor and Golbaf ecotypes and common promising
lines P69, P101, as well as foxtail millet, Bastan cultivar and foxtail promising lines S79, S81, S85 lines) were
planted. Irrigation levels was calculated based on the cumulative evaporation from class A evaporation pan. First
irrigation was done after 50 mm evaporation and second was done after 100 mm evaporation. The irrigation
method was conventional (flooding).

Results and Discussion

Analysis of variance showed significant difference for tiller number among the genotypes and stress reduced
number of tillers. Foxtail millet such as Bastan cultivar, S79, S81 and S85 lines had the maximum number of
tillers, while common millet genotypes including: Rabor ecotype and P69 had the lowest number of tillers in
drought stress conditions.

Analysis of variance showed significant differences between genotypes in terms of plant height. Foxtail
millet showed higher plant height than common millet, among the under studied genotypes, S85 line had the
highest plant height whilst Golbaf and Rabor had the lowest plant height. Different irrigation regimes showed
highly significant effect in plant height. Result indicated that there is no significant interaction of each millet

genus by irrigation treatment in plant height, while foxtail and common millet showed significant difference in
interaction by irrigation treatments.

Different genotypes had different number of branches. Among the genotypes in this experiment, the number
of branches in Bastan was the highest and lowest was belonged to S85 line under drought stress, respectively.
Effects of water stress also showed a significant decrease in the number of branches. Analysis of variance
showed that the interaction of genotype by irrigation treatments on the number of branches was significant.

Drought caused a reduction in the number of panicle and the result showed there was no significant
difference between genotypes. Among genotypes in this experiment, Rabor ecotype had the highest number of
panicle in terms of stress and foxtail millet including: Bastan cultivar, S79, S81 and S85 had minimum number
of panicle in drought stress conditions. Irrigation in genotype interaction was significant on a number of panicle.

Results showed that there was a significant difference between genotypes for harvest index. Among
genotypes in this study, S79 and Golbaf genotypes had the lowest harvest index under drought stress. Drought
stress effect on harvest index showed a significant decrease, also interaction effect was significant.
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Analysis of variance showed significant differences between different genotypes of millet based on seed
weight. Among genotypes in these experiments, Golbaf and Bastan had the highest seed weight while genotype,
S79, S81 and S85 with no statistically significant difference had the lowest seed weight, respectively. There was
no significant interaction between genotype by irrigation. Seed weight reduction due to drought stress has been
reported in several studies (3). Analysis of variance showed a significant difference between millet genotypes
about biological yield. Among genotypes in this study, genotype P101 showed highest biological yield in
drought stress conditions but Rabor and S79, showed lowest biological yield in drought stress condition.
Drought stress effect on biological yield showed a significant decrease. Genotype by irrigation interaction on
biological yield was significant. Biological yield loss due to drought stress has been reported in several studies
2).

Mean productivity (MP), geometric mean productivity (GMP), stress tolerance index (STI) and performance
index (YI), by a significant positive correlation with grain yield in stress and non-stress conditions were the best
indicators for identification of superior varieties. Using mentioned Indices, a genotype with high yield potential
was Golbaf as the most tolerant ecotypes to drought stress, S79 was more sensitive to drought than the other
genotypes More details is described in the text as it is original.

Conclusions
Based on this experiment it can be concluded that at drought condition cultivation of common millet has
advantage than foxtail millet. Among common millet genotypes Golbaf ecotype showed the highest yield

potential and relative tolerance to drought stress. It can be introduced as a promising line in breeding programs
for drought tolerance studies.

Keywords: Drought stress, Grain yield, Millet, Tolerance indicators
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1- Medicago sativa
2- Medicago scutellata
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Table 1- Effects of salinity (0 and 100 mM) and Si application (0, 0.75 and 1.5 mM) on growth parameters (g/plant) and
relative water content of Medicago scutellata plants grown on sand culture

iy Olhe 0 mM NaCl 100 mM NacCl
Growth prameters 0 mM Si 0.7SmMSi 1.5 mM Si 0 mM Si 0.75mMSi 1.5mM Si
o o ‘%59 0.92+0.008c 1.04+0.006b 1.22+0.01a 0.62+0.006e 0.65+0.007e 0.80+0.008d
Shoot fresh weight
) 2 O}S_ 0.42+0.004b 0.44+0.005b 0.45+0.004a  0.22+0.008e 0.27+0.005d 0.34+0.004c
Root fresh weight
@l JiS S 0y
. 0.10+0.004b 0.11+0.004ab  0.12+0.006a  0.06+0.004d 0.06+0.004d 0.075+0.002¢c
Shoot dry weight
i 4 9}9 0.055+0.002b  0.057+0.004ab  0.67+0.004a  0.035+0.002c  0.045+0.002bc  0.047+0.004b
Root dry weight
S5 o . 1.35:0.0lc  1.48+0.004b  1.67+0.0la  0.85£0.01f  0.92+0.006e  1.14+0.005d
Total fresh weight
S5 sas i 0.16£0.006b  0.17+0.008b  0.19+0.008a  0.09+0.006d  0.10+0.002cd  0.12+0.006¢c
Total dry weight
e 21 2)2 87.95+0.54a 88.23+0.33a 88.49+0.66a  85.63+0.48b 88.64+0.35a 89.29+0.59a

Relative water content
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Values are mean + SE from four replicates. Numbers followed by the same letter are not significantly different (P<0.05)
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Table 1- Effects of salinity (0 and 100 mM) and Si application (0, 0.75 and 1.5 mM) on mineral contents (mg/g dry weight) of
Medicago scutellata plants grown on sand culture

ol chls 0 mM NaCl 100 mM NaCl
Mineral contents 0 mM Si 0.75mMSi 1.5mM Si 0 mM Si 0.75mMSi 1.5mM Si
s 3“" < e 2.45+0.37c  2.45+0.58¢c 1.19+0.25d  10.37+0.66a  7.22+0.83ab  5.12+0.30b
Na™ Shoot
‘“"”:3 A 2.94+0.23d  2.59+0.41ed 1.12+40.21e  13.67#0.73a  11.57+0.49b  7.92+0.68c
Na" Root
d";y‘éhzg;"tﬁ 58.09+2.30b 64.39+1.21ab  69.23+4.43a  31.44+3.39c  38.71%3.21c  61.00+3.44ab
‘I‘(:’;) F?;;% 21.09+1.60b 22.55+0.72b  31.04+1.0la 15.51+1.28d  17.45+1.65d  24.49+1.07bc
tﬁ-"“zu“’f < el 38.92+2.62a  30.37+2.50b  25.72+2.03bc  20.02+2.90c  20.70+3.09c  22.95+2.17hc
Ca“”" Shoot
ady) poredS 30.78+0.73
2 78+0.73a  27.41#0.99a  27.82+1.13a  19.20+1.40b  18.37+1.24b  17.92+1.07b
Ca“~" Root
e Ui ool 3.2240.12b  3.37+0.15b 4.20+0.22a  2.73+0.32b  3.07+0.17b 4.05+0.13a
Fe Shoot
;j;{ gzl 5.7740.54b  5.73+0.26b 9.18+0.43a  5.85+0.47b  5.85+0.10b 8.32+0.40a
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Values are mean + SE from four replicates. Numbers followed by the same letter are not significantly different (P<0.05)
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Figure 1- Comparsion of effects of salinity and Si treatments on activity of A- catalase of root B- catalase of shoot C- Soluble

peroxidase of root D- Soluble peroxidase of shoot E- polyphenol oxidase of root and F- polyphenol oxidase of shoot. Numbers
followed by the same letter are not significantly different (P<0.05)
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Figure 2- Comparsion of effects of salinity and Si treatments on A- chlorophyll a B- chlorophyll b C- carotenoids and
xanthophyll D- total chlorophyll E- electrolyte leakage percentage and F- chlorophyll a/chlorophyll b ratio. Numbers
followed by the same letter are not significantly different (P<0.05)
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Figure 3- Comparsion of effects of salinity and Si treatments on A- protein of root B- protein of shoot C- hydrogen peroxide

of root D- hydrogen peroxide of shoot E- lipid peroxidation of root and F- lipid peroxidation of shoot. Numbers followed by
the same letter are not significantly different (P<0.05).
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[ Si application on annual Medicago plants under salinity ]
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Figure 4- Possible mechanisms of effects of Si on alleviation of salinity stress in Medicago scutellata
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Introduction

Salinity is one of the most important stress resulting depletion of vegetation in large areas of the world
including some regions of Iran. Reduction of plant growth due to salinity occurs with a range of mechanisms,
including low external water potential, ion toxicity and interfere with the uptake. Silicon (Si) is the second most
abundant element in soil and could efficiently mitigate the effects of various biotic and abiotic stresses, such as
drought, heavy metal toxicity and salinity on plants. Medicago scutellata is an important leguminous forage crop
throughout the world that could increase soil nitrogen content via reduction of atmospheric nitrogen. To our
knowledge, no study have examined the interaction of salinity and Si nutrition in Medicago scutellata or how the
beneficial effects of Si in salt-stressed M. scutellata plants (if any) are exerted. Accordingly, the aim of the
present study was to evaluate the effect of silicon nutrition on salt tolerance of Medicago scutellata.

Materials and Methods

Seeds of alfalfa (Medicago scutellata L.) were sterilized with a 2.5% sodium hypochlorite solution and were
incubated in a moistened paper towel. Then, they germinated in the dark at 25 +5 ° C for 48 h. Healthy seedlings
of uniform sizes were selected for hydroponic culture (Hoagland solution) in a 10x15x15 cm plastic pots. A
factorial experiment carried out based on a completely randomized design with two factors. The first factor was
salinity, including 0 and 100 mM NaCl and the second was silicon nutrition, including 0, 0.75 and 1.5 m.M
sodium silicate. The pH of the nutrient solution was adjusted daily at 6.4 + 0.2 and nutrient solution was
refreshed weekly. During the experiment, maximum and minimum air temperatures were 30°C and 21°C
respectively, and the mean relative humidity was 67%. Four weeks after exerting the treatments, plants were
harvested and used for the assessment of growth parameters and chemical analyses.

Results and Discussion

Salinity led to a significant reduction in both the fresh and dry weights of the plants. On the contrary, the dry
weight of the plants improved significantly under saline conditions when Si was added to the medium, especially
1.5 mM Si. Salt treatment increased the concentration Na* and decreased the concentration K* significantly in
both shoots and roots; however, Na* concentration, reduced and K* concentration increased due to Si application
in salt treated plants. Similarly, Fe content decreased in shoot of plants due to salinity, whereas Si nutrition
increased Fe content in plants suffered from salinity. The activity of catalase declined and the amount of
hydrogen peroxide increased in plants under salinity. Conversely, Si treatments, especially, at 1.5 mM could
recover the activity of this enzyme and reduced hydrogen peroxide content. Salinity imposed significant
reduction in the contents of chlorophylls, total carotenoids and xanthophylls and soluble proteins. The amount of
hydrogen peroxide, lipid peroxidation as well as electrolyte leakage via plant leaves increased due to salt stress.
In contrast, the contents of chlorophylls, carotenoids and xanthophylls, soluble proteins increased following Si
application. Also, the amount of hydrogen peroxide and rate of lipid peroxidation and electrolyte leakage
decreased in salt-treated plants by Si application. Silicon nutrition can recover the chlorophyll content and the
amount of soluble proteins on Medicago scutellata plants under salinity, which suggests that it plays a role in the
suppression of oxidative stress. Si application also improved the chlorophyll content of tomato and barley under
salt stress (Al-aghabary et al., 2004). The data reported in the present study show new aspect of the beneficial
effect of Si on plants grown under saline condition. The application of Si prevented Na* accumulation and
enhanced K content in Medicago scutellata plants. Reduced Na* accumulation improves the plant ROS
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scavenging capacity through increased antioxidant enzyme activity (Al-aghabary et al., 2004 Hashemi et al.,
2010), accompanied by reducing lipid peroxidation. Consequently, photosynthetic pigments increased and
membranes functionality improved by Si in plants under salinity (Liang et al., 2005).

Conclusions

The results indicated that 1.5 mM silicon application alleviated harmful effects salinity, probably through
declined Na" enhanced K* content that increased antioxidant enzyme activity and reduced reducing oxidative
stress. Consequently, photosynthetic pigments increased and membranes functionality improved with plants
under salinity. In this regards, Si application led to an increased salt tolerance of Medicago scutellata. Further,
field experiments are necessary for confirmation of the results and expedience of economic cost.

Keywords: Annual medicine plants, Silicon nutrition, Salinity alleviation
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Table 1- Mean squares for dry matter, chlorophyll a and b, carotenoids, magnesium, starch, RWC, and stomatal conductance
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Stomatal RwWC . ; L1
Starch Magnesium  Carotenoids  Clorophyllb ~ Chlorophylla  Dry matter S.0. V.
conductance df
0.005*" 29.18" 3561.88* 0.0068"" 0.0070* 0.146™ 0.099™ 41.18* 2 9
Genotypes
0.024* 91.4* 25137.58* 0.0075™ 0.041* 0.64* 0.58* 189.3* 3 S
Salinity
w P a; P d)?’ux"‘“?’)
0.00038 ™ 7.76™ 10667.04 0.001 0.006 0.062% 0.077" 7.88™ 6 Genotypes*Salini
ty
0.0005 3.7 550.51 0.000059 0.0019 0.0091 0.051 12.76 22 Eu”
rror
18.09 2.17 9.72 7.06 16.18 9.14 13.55 16.44 - ()%
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* and ** in significant at the P<0.05 and P<0.01 levels respectively. ns not significant
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Table 2- Correlations cofficients between dry matter, chlorophyll a and b, carotenoids, magnesium, starch, RWC, and
stomatal conductance under salt stress
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Stomatal Starch Magnesium Carotenoids Clorophyll b Chlorophyll a Dry matter
conductance g phy phy y
1 Sis oole
Dry matter
1 0.177 el
Chlorophyll a
1 0.805" 0.155 b Jds,ls
Clorophyll b
1 0.572 0.572 0.093
Carotenoids
1 0.031 -0.476"" -0.212 -0.238 rv’)w"
Magnesium
1 0.012 0.272 0.455" 0.311 0.170 ol
Starch
1 -0.00047 -0.544* -0.198 0.387*¢ 0.245 0.518* RWC
- slasey ol
1 0.505 0.399 -0.588" 0.444™ 0.666" 0.529* 0.33 Stomatal
i conductance

oy \ 50 e‘a.m)b)bsi.m Py Msj-*
* and ** in significant at the P<0.05 and P<0.01 levels respectively
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Table 3- Mean comparison of dry matter, chlorophyll a and b, carotenoids, magnesium, starch, RWC, and stomatal
conductance under salt stress in different Canola species

RWC sl o2 Baggide, s b by 5 a Jubo 5 Suid p3ko .
(*) Starch Magnesium v Chlorophyll b i slos
(mglg dry (percent) Cellcrtenmds‘f (mg/g (mglg fresh Chlorophyll_a Dry matter Treatment
weight) resh weight) weight) (mg/g fresh weight) (g/plant)

92.11 a 2454 cd 0.072 e 0.2 cd 0.97 cd 1.73 abcd 26.29 ab VIS1
91.83 a 2934  abc  0.079 de 0.26 bed 1.32 b 1.75 abed 2478  abc V1S2
86.33 b 3325 ab 0.106 bc 0.42 a 1.41 ab 2.03 ab 18.18  be V1S3
86.14 b 172.6 ef 0.108 bc 0.26 bed 0.92 de 1.58 abed 17.02  be V1S4
89.98 ab 135.5 f 0.118 b 0.17 d 0.89 de 1.35 cd 29.42 a V2S1
89.19 ab 246.9 cd 0.119 b 0.3 be 0.91 de 1.51 bed 22.81 abc V282
86.08 b 349.1 a 0.146 a 0.35 ab 1.19 be 1.94 abc 21.99 abc V283
85.71 b 186.6 ef 0.162 a 0.33 ab 0.69 e 1.58 abcd 19.39  be V254
92.26 a 186.6 ef 0.032 f 0.2 cd 0.99 cd 1.56 abcd 24.52  abc V3S1
90.15 ab 200.5 de 0.094 cd 0.27 bed 1.02 cd 1.71 abed 21.03 abc V3S2
89.92 ab 254.7 cd 0.124 b 0.3 be 1.59 a 2.14 a 18.59  be V3S3
86.25 b 290.3 bc 0.146 a 0.2 cd 0.7 e 1.2 d 16.66 c V3S§4
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Means in each column, followed by the same letters are not significantly different at the 1% probability level-using Duncan's
Multiple Range Test.
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Table 4- Mean comparison of different salinity levels interaction on stomatal conductance (cm.s™)

XIS X LS 050 il oy a3l gl Sy Cda dls o Slow
Late Flowering FLowering Flower initiation Early stem elongation 7 leaves stage  Treatment

0.15 a 0.2 a 0.22 b 0.12 a 0.25 a VIS1
0.06 cd 0.16 abc 0.18 bed 0.09 ab 0.22 ab V182
0.04 cd 0.16 abc 0.14 def 0.07 abcd 0.19 bc V1S3
0.07 cd 0.08 de 0.09 fg 0.05 bed 0.14 cde ViS4
0.09 bc 0.17 ab 0.21 bc 0.06 bed 0.18 bed V2S§1
0.04 cd 0.11 cde 0.16 cde 0.04 bed 0.15 cde V2S2
0.07 cd 0.11 cde 0.11 ef 0.03 cd 0.13 de V2S3
0.06 cd 0.07 de 0.03 h 0.02 d 0.11 e V254
0.13 ab 0.18 a 0.28 a 0.08 abc 0.18 bed V3S1
0.04 cd 0.12  bed 0.21 be 0.05 bed 0.17 bed V382
0.03 d 0.12  bed 0.14 def 0.03 cd 0.15 cde V383
0.04 cd 0.06 e 0.05 gh 0.02 d 0.13 de V354
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Means in each column, followed by the same letters are not significantly different at the 1% probability level-using Duncan's
Multiple Range Test.
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Introduction

Salinity is one of the most important factors limiting crop production in arid and semiarid regions of the
world that affects crop yield. Salt tolerance of Brassica species are very complex due to genetic relationships.
Because of low erucic acid (less than 2% of total fatty acids) and glucosinolates contents (less than 3 pmol g™),
oil of Canola has many consumers around the world. Because Canola have tolerance potential against toxicity of
salinity and its minerals, its growth can be successful in saline condition. According to the recent ongoing
drought and the need to use low quality irrigation water for crops such as Canola, aim of this experiment was to
evaluate the effect of salinity on changes in carbon fixation process and photosynthetic pigments of three Canola
genotypes under salinity as well as determine most salt tolerant genotype for use in saline regions.

Material and Methods

An experiment was conducted in the greenhouse of Shahid Chamran University during 2007-2008 growing
season in factorial test based on a completely randomized design with four replications. The first factor
(genotype) included Hayola 401, RGS0003 and Shiraly and the second factor (salinity levels) had four levels of
salinity (50, 100 and 150 mM NacCl) as well as distilled water as a control. Sources of salinity were NaCl and
CaCl, with equal ratio as most resembles to lower water quality resources in the region. Date and time of stress
were considered four weeks after planting (four-leaf stage). A Stepped irrigation method using saline water was
done every 12 days over three steps period. To perform this study 10 liters volume pots were used. Three pots
per each treatment, and totally 144 pots were used. SAS (version 9.1), Excel and MSTAT-C software's was used
for statistical analysis. The comparison of means was done by Duncan method.

Results and Discussion

The results showed that content of chlorophyll a, b and carotenoids in all three genotypes increased to 100
mM, while decreased at 150 mM. Health and invulnerability of main photosynthetic pigments at 100 mM NacCl,
can be considered as an important reason for salt tolerance in the evaluated canola cultivars. Reducing the
absorption of water due to stress caused by salinity reduced nutrient uptake. Toxicity of chlorine and sodium also
leads to inhibition of plant growth and dry matter. Magnesium concentration raised with increasing salinity
compared to control. It seems that the magnesium concentration in stomatal guard cells decreased osmotic
potential and play a role in the biosynthesis of organic compounds such as glutamic acid. So, despite ABA-
induced stomatal closure, the stomatal openings, even in small amounts remain photosynthesis activities.
Probably, magnesium has a key role in the continuing photosynthesis of Canola under salinity. The leaf starch in
the genotype Shiraly significantly increased to 150 mM salinity level. Reduction of starch in high levels of salt
stress interferes with enzymes efficiency involved in the starch biosynthesis, such as starch synthase and ADP-
glucose pyrophosphorylase. The trend of variation in stomatal conductance was similar to 50 mM in the early
flowering, but a sharp decrease was observed at late flowering compare to control. When stress started on the
four-leaf stage, the plant for some time kept stomatal conductance at maximum level, but continuation stress
period led to close stomata. Thus, reducing the amount of leaf relative water content can be considered as the
reason of different stomatal conductance among the different levels of salt stress. A significant positive
correlation between relative water content and stomatal conductance confirms this results. On the other hand to
avoid stress and better use of the limited amount of available water, the plants closed stomata to prevent more
water loss.
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Conclusions

It seems that genotype Shiraly using some mechanisms to avoid stress, such as maintaining relative water
content, as well as increase the content of chlorophyll a and b up to 100 mM. Moreover, the concentration of
magnesium up to 150 mM, has endured salinity.

Keywords: Chlorophyll a and b, Magnesium, Salinity, Starch, Stomatal conductance



Iranian Journal of Field Crops Research

Vol. 14, No. 1, Spring. 2016, p. 154-170 i

Sliw (F g5 Shes Gl o Shes g pgdew 5 pade 2L s 5 o g5 U

Sogd Bl b s 10 S5 g b

" 33 Gl de
VAP LS s b

VWAF/ PN 5y el

Olpl =) Gl hy 4yl
1OF-1V+ .0 IFAB Hleg o) oyleuds IF Al

LXVCES

s bd )85l 5 ol slalod 5 05, 5 Siwle Ul oyp sl cuslio oS 5 b ol Sy ¢ Slao il L 4 15
eobie 355 155 0353 b 3 5 6397 g8 5 55 0 ol (3 23 1y 5§ iy ol 3 catS (ISl e alyp 5 T Ly L ol
0y Slos 1 poradios 5 porils bl Jslore 5 Clgi; (SB Bpae b ) polite 4 A oo ey SB Iy lid jolie S gy B
3 b (s JolS slocSsh g B > o556 gty alef] )95 5 Ll € S Sl i oy 5 3,80 sl
AB)S 5 oy 3y90 (S5l gt () 13 p55 ez 5 93 o) daw dw 3 Pl posudis 5 pgle 5 Bpas S Ojpod (1S
33 401 JUw pn yo3 A s wyp Dy90 Sliao pled p Jlu Sl 4S5l L5 Liolejl Jlo g5 (slmodls S pe uibyly 4356 3l Jols gl
Sy Ol o (gme cjimgid ¢ udo S (cgime 0398 Comn ) 3,5dos cily 5,Shas @ild 59 p b)lows Ay dw Jlize il gl aS ol flis (pSSlee
Loyd gy o yd wubldy (asli 0395 Can ) 3,Slas ily 3 Slas il jlia 59 s Slaw A3b e o dme ST 5T slaps 3] cull
o Gy s s (oyls mime iali8l Jol Jlor d Cannd pgd Jho 13 Sy s (693x0 9 5B gomnd Sl g o 3l Cdlad sl g
s ob ol Sili8l codgis B pas (l38l L gyl dxe jebdy cublyp adll pismen 00,5 e ye 0 Al Dl g cpeyet dlaw i)l
Caw (613 gz yobdy 55 pomudow (b Jolre Cunl ouds il p adli g cpayes )0 &b dlus ey yo3 i il 38l s pasilis &S B 4l
Cngj 3y Slas o (LS p,55 LS ¥+ A/AY) wils 5,Slas o i Coled 5o .adb by (adli g oo jed 50 A dlis (o a3l
ol sy pgrds 51 )3 £)5F 5 pgsibs 1 13 5 ¥ (Bl Jslomo olan 4 g (39 hoyd Vo e I (SR p)S5LS N -AVVA) 0355

Hlaw glils (gy58 i (FA) 255 oLS )3 Caogoume Dbl o go
&3S 5l (9 Sl s oy olie B Ol I &S
IS e Sl mely O 2l S 48 e g2 AL il e
oL 5> G dloml L ()58 (5 Vgl Al oo olS )3 pe il
3 ol Sy SLoml b 5503 sgm 1 g 0 A8y (Al o
2y GEalS (0F) 25l 0 sy cpSsly (i olge 5 O e
03l (5135 (LS ilisee SladisS > ()98 ST dom ) olS
S i 351 53 (s pSein yoboay Sy gdaw (B 5T cunl
48 2538 )15 (Y0) (65 Ko g gyl oY) whee ialS
Sy dmao s o S5 o0 (6398 (5 51 Slie alS 3 Vb Jaos

23S e Mos| yolis d3IS ( Jaos : galS” sdajlg

doddo

KU P PV WL 2. PR C SN S SYNIIN P
S a5l Heb (65y9liS ol (VY) el (659liS Y guas
e Juastie uigi] (m (pmed 9 ol (gl ofag Cu e
1 S yamd S )1y (ealamsl Jemste Wei 5 cunlio M3y Caps
.(\‘\‘) DS o il LS sl 3 olie polie Gl ol
g0 ol )3 IS 5 s (ggme al3El s (559 SIS il

b ol (rb ailie 5 (65,5laS laios S j0 okl -
(Email: ahmad.bybordi@gmail.com 2 ghne odinn g — )



100 clho (B9 05%kas Iyl S a p pgmdins 5 poeies B slne 5 s ST

Crcasdyg )5 )3 anulis zeos Slond 4,15 pesibe b & SblS
Candg ) posus (SAS walals L5 (FY) ol @l Liol53) Ll
ul)_s‘ﬁwl o4 w)ﬁ)uéuou»ulaalwwubhfdi
5l S ols el posilu (YA) Conl odpwy @bl 4 o bles
Rl G 5 (FF) aoes slo i bl )3 b9 S G 55
5503 51(00) 95 o 043 i lalS s SlusT sl cud b
gl by (alj8l a5 e posilw Miedgw (5L
(08) 3,5 oLl el jium gy S

2 Fide 9 039 (o) diwgy Jlglyd pmaie (1093 posudins
i 4 S > o S 1 Ll 3l i ol Sl
» Lg)a)_.o s u]};&d.) P?“‘“‘L‘“’ 0;‘ (Y'\) Cawl ol ad Ll
2 Ol BB e 93k SLa)IS Lol 395 s0d gums lalS
Coul 00 @l gale (aLS > (sunj 5 ) Sl Jlie
By )0 (gdate L porwdow oS Cawl ol Coli piored (VF)
L 1) (Haoe sl i cosd o) udy ls 5l ool sl
Ol s popdies (] ) 45 lbprlSe (B2 (1Y) WSl e
(1Y) oL 13 e S 25 2alS Jald 39800 (590 & Canglie
O (Y1) dl e el o (Rl g e ol ialS
S50 A Cooglio (il 8l yoie ity pliy S 381
2 Sle Cucal Gy pamudins a8 Canl sad (5155 (VYY) Lo oo

Oy posdins 9 posilis By Sl (owyp 4 35
ol odd 4By (yeu i bl (0 3187 (65, (A5 S dlge
L 0458 w9 SLS saiaddgup 03le § lgisds cul g
Olyedn podo g polo g S > Sad 2929 I (30 (Suis
Coygodn (§ya i a0l Cioglie Linli8l o S50 yolic
o=l 55U 0920 5 (698 i 31 Ltals .l eolatel (il Jelxe
s 4y imgy oyl Glaal 5S> Sloe yinl58l g sy 0 edle g3
292

gy 9 2o

posibs (Db Jglore 9 Culj (SB Bpan Sl oy jolate

o5 3 Sjdlnied Claw (B g (ol Clae p poseds
Lol gyl B )3 Jo)g8l & sy olojl (659 A5
S50 WWANAY o WWA-AY ely; Sl g0 (b Sl LIS
b plol (Byd lomlb)bl b il g 6559l Slisiow
Jele ateds colgis blosd &Y Jgda > eslislon (slaosls
Bymae SB Ojgod (JiSa )3 (5 Ve g 0 o) gaw 4w 3 ol
dw )3 Py o g pod slaele lsicdr posudins g posiles
39— (=il gle ©ygodn (i ) p)5 Sz 9 93 o) gaw

e D9-b (698 G5 bulyd Cod ()8 e o 9 Sy
Gz Gl oS5 g (e )0 S o Sl o0 (598 S
Syl (8 ase S (Brassica napus) 13I8 cads )3 .03 )5
o5 Ay ) e () 42,51 il gn il Sl 5 Syt
Wbl oo Ooglite (odldl Ll iznen 9 503
4 SUs (34380 dlas 5l oolitul 3y56 10 (6l ladzs
=l lals 5, Sas 5wy pdlse cpl (6,138 31 mol58) jslaie
el b L;Lasu.?lf & Ob}'uﬁ alos> ‘_’)T Sl coul oss Pb;.il
o5 oy Sl s & (538 2l 3 el 8 ol
lgi e cpgigel ()05 g Dl (sl 2k iles g S SgslS
Cugby bai g SB gl polic (godind (Il )5 (e i
L as s oo dlge acy)os; il auily SB jd 29550
Js 4 5 038 Jae JsSgn o 15l 355 Jhiua 8 el
03> 1y ey 51 By yaee o3l gd aSul jd 5L sl UK il
(YA 5 7) 48 (e dgime |y 550 slagyse Sl (odm y918 yme
Cdgy g s polie oad ]S gjludlil 5 bl G
SLs L} o..\_uSCM_«al u‘y&d; D‘yn L)J‘ 4 uo&.b .)9»:‘:0 p&l)
whis yole cas SYsb el (il 5 )b il (el o adlal
SlaShy 4 arg b (YY) 18 SaS ol 0l d90 4 Cagb)
Gl YU SeslS i cud )b o 5l s 2,8 4 paxs
l_ee] ol S d)’L»JI)'] 9 pﬁy] Lilo dute (sl yeslS ol
4y 2B jedg i 13 Sleidlw Caple oL (TA)
Caid pllyw g oLl glpeul 9S> canb lacdg;
as booye Glidss copa odlo opl (665,54 ccuwlio (5oLl
g 395 B (gilwding 5 (daowe (i (aLS 445
3 as)ls (ilie (sl i olS So5glg b 9 Splie slasis]yb
sl o938 pf ais 4 Oy postbe 9290 polie o
a ST ol odds bl sl g olygls slp (g9 pe bl HlalS
2ol Lol ccl oacis aslid iy 4 jgb lalS o o] i
p—wjyluo 9 d)9_19;).d O ymais ‘J)‘ a5 Cawl 00l (_)L"“" uLD.».n?o
oMo ales jl ely; (LS iy ;3.0 5 3Y) 3)b ik LS
P sl 3 (o pale Gl 0538 ladgle (lalS
Jsbo (35l Sl > Canl (Sm 45 ) Al o 3,55
Ol 5 500 5 Boidn 2558 il poribe 5 3, b
2 pssilo sto Sl g JIs (Sihie cmizpan (1) 395 (52,555
Conglio inlial el poddu (VY g VA) Cuwl o sdalie lals
4 g el gla i Lials (ianlyd oy mdads 4 LS
48 ol 0ad )5S Cpiomed (D) 395 0 (6w oyl Sl



YD 5l O oyleds OF alo oyl pl oo ly) Glesirg 4 pis  VOF

s A (sgme Jo >
sl ey yo s dlawi Jolis oly; wlas Ady dls o slasl po
50355 Gy ) D,Slas (il 5,Slas by jl3a y5g (s )0 aib
oK)l eolatwl b (ye4) do > WBud (6 pS0jl0l cuilypy sl
Sedol oy slaswl Lo piored D 4 wbe NNMIR
LS S $assS gy esliad Ly ol Slgnd 5 St

{TV) 2355 Gaess

285 )8 il 2050 (F) sl Gbey 4 Jida)lS ol
J9_|o 5 RN d)_;ojld._ﬂ L .\_,,g.\ﬂ dJOQJL,o clale Ced
UM ) (dgels oy Sl ool b g 2ogil £o v 5 OFY slagge
b ¢ o 3l 0ylac angi jolaio 4 (VY) A dole (e=V00 cm™!
A eySoylias lind sl Bl 2 e ¥ 5l eslizal b 5,
A8E3 Yo ke 4y 593,58 V0v e 590 4D oel Cawndd o)lac e
o3l b sy Caz 2g) Blad Jolore 1035 Sy il
L Uiy 51 ooliol b VB o3l colled . 5 15 oslizl 3,0
Vo dols STy b e o8 (5 Sojlal (A) g 5 2o
Ngoisde Vo 58T O g Sn B+ o3l o)las iy oo
Job 3 iz > pals a9 ;Y50 e YO 3L yilg e VY- o
435 b B ) Sde 4y pagll Ve zge

o3 ¥ )58 L (e aslad g lale (i W8S )18 ()
(el oad 03l LIS Y Jodo 0 S & 500 golt) yio p uies
Ll S 53 (5 Ve 90 i) ) ey 9 A8 w85 ks
S s yS o L9l 88, IS sy e 03,5 bl S
oL Y Jods o Oiq}zddzr.:.ﬁdfulmo\.? ol bl was
Cedyba e wlwly d by ey b e wloa ol
3 ot il Jobro o Jll e 1255 g s
by, Sl 5 (KoSe04) pely il Sl G ey posdn
9 S)9) 4_l>)A » dslas d)9—0 dl.buja.l.& A oolastwl (KleOj,)
&S g yeboay Bud (Bb Jeloee wd (ileews j eolitwl b opdy a8l
L jwgd olime (225 adoye )3 ad Cgboye LS plas
Meteodata-256, Geonica, Madrid, Spain oK j eolawl
soate dn (DLl bt (S slaiges g g M (g S ojl]
sl il clled oSy Ol s (sgime (S IS clale ot
‘.\_z_m.\J'lL;JOylp S5 Glgomd dewST pow g jlasTy GYLK
Wl 5 4l dewg WalS oS 5l 5 g1 ool 5 pantes clals
o S5 lojed WAd daste mlo (45850 1D 5 (510 pdiges
= 5 Oig T S—id iy [ S—is bje— gl g x Ve

ialojl Jlo 95 (owlindlgr (sl eyl (A1 ) go
Tabele 1- Some meteorological parameters during both years of the experiment
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() s gy bl (leo Jols sles 51 as sles
The mean annual relative .. . 9
Total annual Total sunny humidity (%) Minimum temperature ~ Maximum temeperature First year
rainfall (mm) hours
298.8 142.2 20 9.5 4.8
Gllle SNk ggome Clelo ggome .
7 (/) s Casby aille (1 Ske 3) o <) Lo
(mm) el . Jole gl 12 gle "
The mean annual relative .. . P> J
Total annual Tortal sunny humidity (%) Minimum temperature ~ Maximum temeperature Second year
rainfall (mm) hours
345.6 162.6 22 5.0 8.9
ohalejl U (6 )kl O ool 41520 el Y Jgua
Table 2- Irrigation water chemical analysis
P C(dSm’
_ - - H E m
Ca+Mg Na* CI"' SO HCO; coO; ° (@Sm?)
25 41 60 2.5 3.6 0 8.1 4
03wl 3,90 S o lowd 9 (SS9 b 355 gl -V Jgua
Table 3- Soil chemical and physical analysis
(Snfg (i'g Mn  Fe(mg Cu(mg Zn(mg [ P N PC TNV ., EC(dS
kg kg  (MIke) kg kg™) ko) gf) (Mokgh) (%) (%) (%) m")
0.1 8 5.32 10.40 2.90 9.4 541 21.30 0.02 0.30 550 7.10 1.31
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Table 5- The main effect of year on some canola traits
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Means within the same column followed by the same letter are not significantly different based on Duncan’s multiple range test
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Introduction

Canola can be cultivated in large areas of the country due to its specific characteristics such as suitable
composition of the fatty acids, its germination ability under low temperature, as well as its good compatibility
with different climates. Canola is a high demanding crop in terms of fertilizers so that it uptakes considerable
amount of nutrients from the soil during the growing season. Canola cultivation in poor soils or application of
imbalanced fertilizers, especially nitrogen, can reduce qualitaty and quantity of final yield. On the other hand,
salinity is known as one of the major limiting factors in canola production. Therefore, the aim of this study is the
application of zeolite, selenium and silicon treatments to amend soil and increasing salinity tolerance in canola.

Materials and Methods

In order to study the effect of soil applied zeolite and foliar application of selenium and silicon on yield, yield
components and some physiological traits of canola grown under salinity stress, a factorial experiment in
randomized complete block design was conducted in Agriculture and Natural Resource Research Center in East
Azerbaijan during 2011-2013 cropping seasons. Zeolite was applied at three levels (0, 5 and 10 ton ha™) and
foliar selenium and silicon were applied at three levels as well (each one zero, 2 and 4 g 17). For this purpose,
seedbed was prepared using plow and disk and then plot were designed. Canola seeds, cultivar Okapi, were sown
in sandy loam soil with 4 dS.m™ salinity at the depth of 2-3 cm. Irrigation was performed using local well based
on 60% field capacity using the closed irrigation system. Potassium selentae and potassium silicate were used for
selenium and silicon treatments. Treatments at rosette and stem elongation stages were sprayed on plants using a
calibrated pressurized backpack sprayer. At flowering stage, photosynthesis rate was recorded. Then leaf
samples were randomly collected to assay chlorophyll, relative water content, catalase, peroxidase and
superoxide dismutase activity, as well as malondialdehyde, sodium and potassium content in the leaves. The
samples were immediately frozen in liquid nitrogen and kept in -80° C freezer. At the end of the growing season,
agronomic traits such as silique number, seed number on silique, 1000- grain weight, grain yield, biological yield
and harvest index were recorded. Total oil percentage and fatty acids (oleic, linolenic and linoleic) percentage
were measured.

Results and Discussion

The combined analysis of variance indicated that the effect of year was significant on all studied traits, except
for silique number, grain number in silique, linoleic acid, chlorophyll content and peroxidase activity. In
addition, the results showed that the main effect of zeolite, selenium and silicon were significant on all canola
studied traits. However, relative water content and peroxidase activity were not affected by silicon application.
Comparison of means indicated that triple interaction was significant at 1000- grain weight, grain yield,
biological yield, chlorophyll content, photosynthesis rate, relative water content and antioxidant enzyme activity.
Some traits such as 1000- grain weight, grain yield, biological yield, harvest index, oil percentage, linolenic
percentage and superoxide dismutase activity as well as sodium content in leaves were found to be higher in the
second year compared with the first year. Zeolite significantly increased silique number and grain number in
silique. Furthermore, harvest index increased with the increase of zeolite level. According to the results,
selenium increased silique number, grain number in silique and harvest index in canola plants. Silicon foliar
application also significantly increased silique number, grain number in silique and harvest index. The highest
chlorophyll contents, photosynthesis rate and relative water content were registered when zeolite was applied at
10% w: w and silicon and selenium were applied at 4 g per litter. Similarly, the highest peroxidase and
superoxide dismutase activity was observed in this treatment. Finally, the highest grain yield (3009.92 kg ha™)
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(*- Corresponding Author Email: ahmad.bybordi@gmail.com)
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and biological yield (108778 kg ha™) were obtained when 10% w: w zeolite was applied along with 4 g per liter
selenium and 4 g per liter silicon In general, we concluded that application of zeolite, selenium and silicon could
reduce adverse effects of salt stress and improve canola tolerance against salinity stress.

Conclusions

Among the applied treatments 10% w: w zeolite along with 4 g per liter selenium and 4 g per 1 liter silicon
caused the best results in terms of canola grain yield.

Keywords: Amendment compounds, Canola, Tolerance, Zeolite
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Table 1- Analysis of variance for the effect of planting pattern and growth regulator on different characteristics
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ns, *, **: Not-signifacant and significant at the 5% and 1% probability levels, respectively
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Table 2- Mean comparison of the effects of auxin and cytokinin hormones and planting pattern on different traits

ShsSlas wp g, S Jsb

W shké laxs Lo

PO ) ) k) abds, o POy o
Lo Treatment (yesa (5 (e (e M s 2 () e (wo3) >
Phec ) : Kernel 1000 Harvest
G_raln Pl_ant Ear _ Ear Row number. kernel Cob index
yield height length  diameter number. perrow  weight (g) percent
(ton.ha™) (cm) (cm) (cm) per ear (%)

(Planting Pattern) cuiS (¢oSl

4y S Ridge Planting 4.09b 151.74c  13.26b
4dydy g3 Double Rows 5.45ab 163.12b  15.24ab

556 s pﬁgggxg 755 178.8%  16.06a

3.52¢ 12.60b  36.14c 187.66b  35.81ab  29.75a
4.05b 14.14a  38.35b

4.26a 14.74a  40.77a

231.79a  39.03a  22.80b
242.89a  24.94b  28.65ab

(Time of cytokinin application) S g B yas yloj

Syas (ol Control 5.82a 165.35ab  15.26a 3.97a 13.52b  39.49a 232.66a 32.70a  28.23a
Sprlbo V3-V6 5.62a 160.70b 14.69a 391a 13.42b  38.70ab  233.05a 33.59a 30.09a
SpdbA V8- V10 5.64a 167.68a 14.61a 3.95a 14.55a  37.07b 196.91b 33.49a  22.88b
(Time of Auxin application) S| < pae ylo;
Gyas oy Control 5.27b 164.36a  15.00a 3.97a 13.84a  38.94a  212.28b 36.00a  22.23b
i ol yorls Silking 6.57a 165.44a  14.70a 3.90a 13.78a  37.95a 237.12a 27.32b 35.11a
Two Weeks

5.25b 163.94a  14.86a

day A0 9
: 9 Later

3.97a 13.87a  38.36a

212.92b  36.46a  23.87b
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Numbers followed by the same letter are not significantly differentns (P<0.05), using Duncan's Multiple Range Test.
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Figure 1- Grain yield in different planting patterns at cytokinin and auxin different times of spraying
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Figure 2- Row number Per Ear in different planting patterns at cytokinin and auxin different times of spraying

60 -
50
40
30
20
10

0

B Gy jaadla dlaxs
Kernel number. Per row

Ridge Planting

4dp ) Sy

Double Rows

i) 5

M Control wli
V5-V6 21 6L5

HV8-V10 S » 1068

Furrow Planting

b s

S g S gt oty Jglome CBliSee (gla o) 33 Cils cilliseo (gld wigy 40 Bady yd Aild dlawi ¥ JSS
Figure 3- Kernel number Per row in different planting patterns at cytokinin and auxin different times of spraying
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YA

)3 8 8o 532l 9 0 ,Shos il (59Nl 9 oS 9 (S g S (9098 T (oa)

CnieS 9 Sl L slasi b ()l dne gl Jg dal cums 4y
L5 A s oy il Jslono ylass & 2oy YY/AA Lyl 505 )Mo
(¥ Jgis) bl Lolaazsl LS\ -

7 (S g (8 Jgbre Lo g S (oSl lize 31
Jgeme cuiS (sla 651 )3 39y ) ize /0 ghaws p3 Cldldy e ls
B alsyo )3 (kS giw Bpan b Cullyyy yadld o il 4223)93 o
oy )6 S cutS (681 o a5 Jbs > el cand 4 (S F L
A 2 3 b Jols (S gl Bpae e Culby jadls
Sr Y bAGpas ploj ety (asls (e cuiS g5
DL (3y9 oy s & Yl o (v JS3) cails olas]
suaio (g Miagel JUi5] &S Jlelge 0l o o ol )3 (Sg0y9n
9351 S8 58 (s 5twgid Sy @8 59y NS (o0 S
S pingllasl g el el (g, 51 )b 5l Laggeyen
1505 (§5tinngid Sy g3 Sy sl AL ado (gla sl
¥V)

350.00 -
.= 300.00
35 250.00
A2 200.00
3 5 150.00
22 100.00
<= 5000
0.00
Ridge Planting | Double Rows
a0 ) S A8 93

o5 0 a3 1y by (adls cusly el ool

TUVD L, ply o ) clisn ey () Jpiz) a3 5 5
0235 oy yieS oS Jls 3 el Canddy Jgexe cuiS 563U bl
Sgm dtydygd CeitS (56Nl as bgyyo duo > YA L ol ciils
b 4 Jgene S (oo IL iy padls (l31(Y Jgu)
sl adld oo daly 4 ds g b aSl g a5 Slas i34l
o Cud (fgdon 2Ses yid (il (S5l 3 Slas
oiblS cel ;Ko sla by 4y Cans gy ol ) wild 5 Slee
Sl (adld AN e )3 55 (9o (Shslre ol

e Oy (ST 3)90 ) a5 psboas (V J5i2) 392 )3 ixe
am azin 93 oloj )3 (bl Jalone Jlogi L 4]l &8 135 ol
O CyS i 350 53 LCadll (6,10 xe Cgldl puly ol Horl
SpfUbdalp » ol eloe LYo L ey jasls

M Control 2ald
V5-V6 S 165

mV8-v10 £, 10u8

Furrow Planting

EBLRES

O o (990 59 (il Jglone il (Slayloj 55 Cudls ilisee (sla g 53 Al l5a (59 0 JSS
Figure 5- 1000 kernel weight in different planting patterns at cytokinin different times of spraying
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Introduction

Maize (Zea mays L.) which belongs to the Poaceae family is the third important cereal crop of the world after
wheat and rice. Salinity is one of the major environmental factors limiting plant growth and productivity. Maize
is sensitive to salinity. Planting method is a crucial factor for improving crop yield. Planting methods in saline
and non-saline conditions are different. Kinetin is one of the cytokinins known to significantly improve the
growth of crop plants grown under salinity. Indole acetic acid (IAA) is also known to play a significant role in
plant tolerance to salt stress. However, little information appears to be available on the relationship between
salinity tolerance and auxin or cytokinins levels in plants. In this respect, the objective of this study was to study
the effects of foliar applications of cytokinin and auxin hormones on yield and yield components of grain maize
under different planting patterns in saline conditions.

Materials and Methods

The experiment was carried out at Bushehr Agricultural and Natural Resources Research Center, Dashtestan
station with 29° 16" E latitude and 51° 31" N, longitude and 70 m above the see surface during the 2013 growing
season. Dashtestan region is a warm-arid region with 250 mm precipitation per year. The field plowed by April
2013 and then prepared and sowed by August 2013. There were five rows with 75 cm distance. The experiment
was conducted as a split-plot factorial design based on complete randomized blocks with three replications.
Planting pattern (ridge planting, double rows of planting on a ridge in zigzag form and furrow planting) as the
main factor and time of cytokinin (0 as a control, V5- V6 stage and V8- V10 stage) and auxin (0 as a control,
silking stage, two weeks after silking stage) foliar-applied was considered in a factorial. Cytokinin (Benzyl
Adenine, Merck) and Auxin (Indole-3-Butiric Acid, Merck) were sprayed on the entire plant in the evening with
concentration of 50 and 10 g. I'', respectively. All morphological and yield component traits measured on 10
randomly selected plants of each plot. Yield was measured in 9 m? for each treatment. Data analyzed using the
SAS (Ver.9.1) and comparing of the means was conducted using Duncan’s multiple range test.

Results and Discussion

Results showed that the planting pattern had a significant effect on plant height, ear (cob) length, ear
diameter, kernel row number, per ear, kernel number per row, 1000- kernel weight, biological yield, grain yield
and harvest index. The highest and the lowest yield obtained through furrow planting and conventional planting,
respectively. Applying furrow planting, resulted in water use improvement and reducing side effects of saline
soils

Cytokinin application in V8- V10 stage produced the highest plant height and row number per ear and the
highest 1000- kernel weight and harvest index was belong to the application of cytokinin in V8- V10 stage. The
maximum kernel number per row was obtained without cytokinin.

Auxin effect on 1000- kernel weight, biological yield, grain yield and harvest index were significant
(p=<0.01). The highest grain yield by a mean of 6.57 tons.ha-1 produced by time of auxin foliar-applied in the
silking stage. It has been found that both auxin and cytokinin may have a role in mediating cell division in the
endosperm during the grain-filling stage. Therefore, these hormones might regulate the grain capacity (sink size)
for the accumulation of carbohydrates. It has been found that IAA actively participated in the mobilization and
accumulation of carbohydrates in seeds. Auxin and cytokinins hormones are also thought to be involved in
regulating the sink strength either by mediating the division and enlargement of endosperm cells or by
controlling the import of assimilates to the sink.
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Conclusions

The results indicated that the foliar application of cytokinine and auxin hormones counteracted some of the
salt induced adverse effects and improved the maize yield .Due to its effect on diminishing salt aggregation in
relation to ridge planting, furrow planting, prepare semi saline and saline areas for growing crops. It is concluded
that furrow planting with CK application in V8- V10 stage (50 g. I'") and IBA in silking stage (10 g. 1) reduced
the effects of salinity on plant and produced the highest grain yield.

Keywords: Furrow planting, Growth stage, Spraying
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Table 1- Chemical and physical traits of soil

Soil K P Fe Cu
texture (ppm) (ppm)  (ppm) (ppm)

Mn N oM E<Sl pH
(ppm)  ppm yA yA c':’n.1

=5 Pyl 318.227 7.137  1.447 0.520

0.519 8.35 0.10 0.65 14 8.01
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Table 2- Chemical traits of vermicompost

K P N Fe Cu
(ppm)

W () (ppm)

(ppm)

Zn Mn EC H
(ppm) (mS/em) P

0.55 1.08 1.18 8200 28

93 820 1.63 7.81
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Table 3- Chemical traits of compost tea

K P N Fe Cu Zn Mn EC pH
%) (ppm) (% (ppm) (ppm) (ppm) (ppm) (e S/m)
0.29 2.30 0.25 6689 71 138 376 80 8.1
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Table 4- Analysis of variance mean squares of some growth characteristics of maize under treatments fertilizer

Ola o (ple
Ol pds 2ol i ) Swid " ar .. ar L.
S;:l:’ceé’of &3 as yd ieafdru” Bl S 439 A y SUES 439 A y o
. df L Cry Stem dry weight Root dry weight Root volume
variation weight
Sk 2 1.49™ 087" 96.50™ 030™
Block
CusgeaS sl 1 1729™ 32.75™ 402.38" 3.20™
Compost tea
CageaS (5029 6 7239™ 54.56" 629.58"™ 12.19™
Vermicompost
bl ) 6 0.86"™ 1.36™ 250.75" 6.18"
Interaction effect
s 26 1.09 0.60 89.41 0.97
Error
) “')g\‘; Fore - 15.16 18.73 17.74 16.05

2oyd ) g dopd 0 Jlein] o g3 )b dme )b dme BB 2935 pas i gy *H g F

ns

ns, * and ** Non significant, significant at 5% and 1% levels of probability, respectively
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Table 5- Mean comparison of main effects on leaf and stem dry weight

&35 s ,los S g S 439 Bl SUiS 39
Treatment fertilizer Leaf dry weight Stem dry weight
Pligone pae 6.05b 3.26b
CowgeaS sl> Non foliar
Compost tea wrilislee 7.72a 5.03a
Foliar
CogeS g g 2203 ¢ 2.25¢ 1.09
0 pot weight vermicompost
Cww 55 A
925 5009 g o2 4.11d 1.90de
5 pot weight vermicompost
oozl isy Sig hep Ve 5.41c 2.42d
10 pot weight vermcompost
Cww 53 A
) S iy o) 5.95¢ 3.75¢
CumgeaS (239 15 pot weight vermicompost
vermicompost Coaws 3 Y.
P 5 0029 (Sl 2222 7.94b 4.80b
20 pot weight vermicompost
Canws 5 Yo
95 st29 B9 2 11.80a 10.15a
25 pot weight vermicompost
Caws 5 Y
5 9 33 -0 10.75a 4.90b

30 pot weight vermicompost
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Similar letters in each columns indicate no significant difference in the level of one percent
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Figure 1- Mean comparision of vermicompost*compost tea interaction on root volum
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Figure 2- Mean comparision of vermicompost*compost tea interaction on root dry weight
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9 o yd YO) b6 ‘(c;w%.oi@,, 9 o yd Y’) b5 c(c;w%.ofdo,, 9 o yd \0) b4 c(s';w%.os‘so)g 9 oy ] 0) b3
(c;w%d@,, 9 oy Y”) b7 c(s';w%.os‘so)g
al (Non- foliar application compost tea), a2 (foliar application compost tea), b1 (0% pot weight vermicompost), b2 (5% pot

weight vermicompost), b3 (10% pot weight vermicompost), b4 (15% pot weight vermicompost), bS (20% pot weight
vermicompost), b6 (25% pot weight vermicompost) and b7 (30% pot weight vermicompost).
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Similar letters in each figure indicate no significant difference in the level of one percent.
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Figure 3- Mean comparision of vermicompost*compost tea interaction on mn concentration of shoot
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Figure 4- Mean comparision of vermicompost*compost tea interaction on cu concentration of shoot
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al (Non- foliar application compost tea), a2 (foliar application compost tea), b1 (0% pot weight vermicompost), b2 (5% pot

weight vermicompost), b3 (10% pot weight vermicompost), b4 (15% pot weight vermicompost), bS (20% pot weight
vermicompost), b6 (25% pot weight vermicompost) and b7 (30% pot weight vermicompost).
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Similar letters in each figure indicate no significant difference in the level of one percent.
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Figure 5- Mean comparision of vermicompost*compost tea interaction on p concentration of shoot
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al (Non- foliar application compost tea), a2 (foliar application compost tea), b1 (0% pot weight vermicompost), b2 (5% pot

weight vermicompost), b3 (10% pot weight vermicompost), b4 (15% pot weight vermicompost), b5 (20% pot weight
vermicompost), b6 (25% pot weight vermicompost) and b7 (30% pot weight vermicompost).
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Similar letters in each figure indicate no significant difference in the level of one percent.
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Table 6- Analysis of variance mean squares of Shoot element of maize under treatments fertilizer

©laypo ke
u‘)f.‘..":" é‘fu" 15 e i . : e o e
Source of 3! é9) T (Sl Rel pawly P Q395
. . df Zn Mn Cu Fe K P N
variation
‘—{}L ns ns ns ns ns ns ns
2 20.84 8.61 0.67 4.23 0.0007 0.146 0.18
Block
CrsgeaS sl 1 0.94™ 81532  0.82™ 22820 0.343™ 1.59" 0.06"™
Compost tea
oz 29 6 3266 12137 3.087 293407  0.890™ 027" 1.96"
Vermicompost
JJLM )3‘ ns * * ns ns ok ns
6 18.89 33.16 1.55 54.38 0.782 0.29 0.031
Interaction effect
s 26 11.79 94.83 0.48 46 0.560 0.056 0.040
Error
() st o pe - 19.96 15.08 18.74 21.38 18.94 5.09 1.35
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ns

ns, * and ** Non significant, significant at 5% and 1% levels of probability, respectively
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Cw 55 A
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R 19.45a 33.21ab 2.61¢
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) CogeS )9 g 220 VD 19.78a 38.45a 2.53¢
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20 pot weight vermicompost
Caws 55 Yo
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oS sty iy 2o T 17.66a 41.08a 3.61a

30 pot weight vermicompost
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Similar letters in each columns indicate no significant difference in the level of one percent



WA L o oyles IF aler ol pl oelys leinpg iy 4 o VAY

Jolite 131 Sl duslie golss (F Jadn) 2o 0 pme Cio
2o Pl o CuwgraS 0)g ko § CamgraS sl (2L gl
Ol Ol CavgpaS Gl (Bhgloe pas Lalpd 3 ol ol
Ao Ve slesd )3 (pS9kS )3 £35S (e FI0A) (2lgn pluil e
U_i)'9 Aoyd Yo 9‘1' AR )L.o.u l_) 99— CA—MJ??.Af‘-s_A)ﬁ (.5_")9
D sl Ly g 09 als Jloss 53 (p)55hS )3 p)5 (leo /5 ) s
oot Ol (i CamgeeS (sl (oBb oo Lulyd ) (e
559 92330 slass 3 (p)59LS )3 )5 Slie OIYO) (2lga plail
CwgiaS (o9 (359 2o Vo 9 Ve slosi b g 35 CungreS 09
Yo 9\' 0 )l—o.adl_59.)9_) J;MG)M)D(P;}L\.{)) P;L;L.A
P35 US) bl b ime gl CangiaS s0)g (Fi9 Moy
Ll S gled 5 bl Siogun yudai (60lge (g9l CunvguoS gl 00
99,5 Le yolic Gla ydai olS 59y (sloai]yd 5l (o)l a5 cul
rolie Sl (e CangpeS ooy e (A) 1S o a5
CguoS (oay9 38 b pialojl cml )3 Yheasl (V1) b oo 5,Scm
b Ly g <o8)5 518 olS JLisl > (i 5)Sue polic
Gl el CiwgeS sla 10 29590 duuwl Siogud CunvgraS >
P A CgeaS (00y9 395 5l 658 28 b (ol ol it
oAb (& CamgraS g9 liSB)> (5 Ve (3958 Ad (B)l3S (ol
il ot Logd S 93 e e il el ol i |

(V) 14

.
Ol CamgeaS 50)9 9 CamgraS sl 04 od0Lio glS (poll

e 131 pomen 3,87 Sl I3 dne sobots | (algn plul yaud
Ol 20> S Jloi] a3 CangeeS 50y 9 CugeeS >
Jolite 131 Sl duslie gl (F Jgin) 2o 40 pime Cio
2o Pl jhud CungaS o)y ko § CamgraS sla (2L gla
e Oy CagneS o (b Jglore e Lulyd 3 0l olis
gl CgeaS (039 (Fi9 423 T+ Jlosi L g 392 CuwgeeS 509
2 (e ¥V ) lsn plul jaud i o yieS 5 Cabls Hly dxe
CumgeaS ()9 (Fig 122 Ve g W Ve B jlas L g 09 ald sles
[ PO N N S VR U I
2 (3223 OITY) plgo phsl jud (line cp il CuvgeeS sl
Ao Ve g Ve Ve lasi by 09 CusgeeS (a)g (Fig 2oyd B sle

(Solanum 55,8 &5 oL 5 (59,4 S —iulojl o
Eely CiuwgeaS 0y 00,8 Wisly L wis plodl lycopersicum)
b ald jle 4 Cand (58 4258 2lon plil (9500 Gl
ol il s il cdlae Lislejl oyl s b as(VY)
O3grs il el S 4y CungeoS (ca)g 203 O (39381 15
Sy 5 Fr Gpne aS Canl odd (5155 (VA) adb &yd Sy
il s (plion B 395 A0)3 B+ ol yod 4y CusgeS (009
4538 )35 5 s e (V) b )3 S (g
(Cicer 5959 ()39, goo5 (il Bl el CusgeoS a)9 B oo
(YR) L arietinum)

§ CowgeaS o0y (ol sl oy lis uibly 4328 @l
2,5 $lie Jlagine ysboas |y alon pll 5o (f3ee Cngga sl
Jloinl o )3 CowgpaS (009 § CanvgpaS sl Jlite Jl (ypiren
pie bl b 0 (F Jgis) 290 )b e o oyl pdoyd i
Gl Ol SLE ) CavgpeS o0pg e Gl L (3L Joloee
Ko i oy 45 sk <8l a8l 0l lawgs 5
Si9dme Ve o 3 (PSS 1 p)S e AY/O4) 2lgn pli]
Sgld CosguaS (0)g (Fj9 200 YO jlad b g 09 CuwgraS 09
S TIY+) alon plul 3o e (2S5l )l ixe
g Ve 50 )Le Ly g g sald Lo )3 (p5 5
byly 5 0 e (bl o ime Cigldl G wgnoS )9
AY:) g plal 580 (5o (b ComgpaS Gl (Bl gl
925 ComggaS 0y9 (539 203 10 Jlogd 13 (PSS )3 £ e
plsl jiKie Glise o ieS g cudl I gixe Colds byjlas ol b
Slosi L g 092 355 986 sl )3 (p)S9kS” )3 £S5 e YA/-T) Ll
JS8) Sl I sine gl CungeeS s0)9 (Si9 20> Ve g Ve D
Sopoger s JI lasusl (g9l CamguaS' 09 00b 1155 (¥
maS 1) olie y slie Cls a8 (V) Casl dpwl Sglsd 5 duw!
i3l el ol Spogen Lislofl 53 Ylaisl ol S o
O Yo 3938l o Cal 0 )5S el o N polie Ll
Oialidl Esl Clid (K b osd i CangeaS g0y USa
(V) 4 (b pdr Log) alom pluil 5i50e 300

w&é
oot Ol ¢ CamguaS sla S0l (LS uillg 4328 @l
o=l oy m Jlasl waw (D CangreS’ 09 g CawgaeS gl



ARYA)

@33 0l (gud ) Cleoguad y CuwgneS sl Shl Jolxe § CawgnaS 509 Ol il

du])J] UJL\_C )..ol.\.c u.\> pul;lﬁ °l:‘.§ $9) wy.ofdb L)‘“",L
u_cb oL.As )l_u d)9—0 dl_&; ).\oL.C u.}){ Nm‘)ﬁ l: 6'9]9 2 ;.\Jbuo
el JIoladgS 5,8 IS joboas b9 o 5 ,Shas ¢ Ay dgup0
Ol L g o ee YL 1) SLS liy g jaud ()9t iSie
s i GRS S8 ol JB) o oS (53, CanpenS s
CorhlB (s ig e 2y P11 3y lostiane gl yolic
polic 535 waly b gl el il i e i
Ceod 01_35 .))_glo.c 9 ..\M:) s)u.myﬁ u.ul)ﬁl 9 °l:‘.§ )l:\‘) d)90 ‘_5.>|A.c
S ol d9te G 5l CunggaS oy 35 o )15 55b
olud olﬁf ..\M:) d 9 ;A.Cl) Sk w) 9 u.:L.Muﬁgu)‘S uluoya}
Cwdds gl ggemxe )3 il o olS 3, Slas Lol Bl ol doly o
Bl ¢ ay 3590 Slio c ey ol i Buins oyl okel
39 4 G ) (g BB (650 CungraS a9 CungeeS 50y

Fid (5o 2y g BN I gine CglS CangiaS (009 (S
0 jles 32 4 9355 355 W86 o 13 (1o )d ¥/00) (olen plul
Sl I ime ol Lo jlogd b b CawgpaS’(00)9 (9 0y
5 e dlgo (g5l CewgraS gl cunl oad 3155 (0 JS3)
i 0118 Jgloma (Lo pudlS)lg Sn ol ol manlS)lg Sun
ks Syoie Jil an ]y S o JB e jhud oS wdle
SLapusl)lg See Gl 5 CamgraS' 0ayg (e (YY) WS (0
ol S & CasgaS s035 cp538] (V1) 2l o i oS >
arSen ialojl ol 53 Ylais 1 L(PY) 390 S5 jand i)l
Joilaly e BB e jaud jaud oaiiS Jolro (slapussls)
sl 0005 oL )3 i s il el g 03,8 s S e
Ol el CungraS go)g (o Mo yd ¥ (3938l 0 ()18
25 IS 5 Galel 3 5 (V) 45 (S5yd 428 S hud (e
Ol Gl el 00d (8 CungeaS (a)g S (5 Ve (3959

rolis g Sis iy Sl @l @ arg by )b bl abhe (V) 48 (s ot L)y
byly b 50 CewgueS —0ys 5l (g —ieS Jlafe By o Ly (sl s
5 uals odlatwl cplpls 4 ol CuvgreS gl bl Jsloxe & 345 i

Pt b0 CogeSissg 5 SeogeS Sk duolie CulilB (gdxe dlge Jlas I CungraS gl> g CungreS 09

5 SLS )3 CgaS oys 3yulS il |y JT sl plo b

References

1.

Abrishamchi, P., Ganjali, A., Beikkhurmizi, A., and Avan, A. 2014. Effect of vermicompost on germination and
seedling growth of varieties mobile and superorbina tomato. Journal of Horticulture Science 27 (4): 383-393. (in
Persian with English abstract).

2. Ahmadabadi, Z., Ghajar Sepanlou, M., and Bahmanyar, M. A. 2011. Effect of vermicompost application on
amount of micro elements in soil and the content in the medicinal plant of Borage (Borago officinalis). Journal of
Crop Improvement 13 (2): 1-12. (in Persian with English abstract).

3. Atiyeh, R., Arancon, N., Edwards, C., and Metzger, J. 2000. Influence of earthworm-processed pig manure on the
growth and yield of greenhouse tomatoes. Bioresource Technology 75: 175-180.

4. Atiyeh, R., Lee, S., Edwards, C., Arancon, N., and Metzger, J. 2002. The influence of humic acids derived from
earthworm-processed organic wastes on plant growth. Bioresource Technology 84: 7-14.

5. Bachman, G., and Metzger, J. 2008. Growth of bedding plants in commercial potting substrate amended with
vermicompost. Bioresource Technology 99: 3155-3161.

6. Bess, V. H. 2000. Understanding compost tea. Biocycle 41: 71-72.

7. Bremner, J. 1965. Total nitrogen. Methods of soil analysis. Part 2. Chemical and microbiological properties 1149-
1178.

8. Carlos, G. G. R., Dendooven, L., and Antonio, G. M. F. 2008. Vermicomposting leachate (worm tea) as liquid
fertilizer for maize (Zea mays L.) forage production. Asian Journal of Plant Sciences 7 (4): 360-367.

9. Cavender, N. D., Atiyeh, R. M., and Knee, M. 2003. Vermicompost stimulates mycorrhizal colonization of roots of
Sorghum bicolor L. at the expense of plant growth. Pedobiologia 47: 85-89.

10. Edwards, C. A., Arancon, N. O., and Greytak, S. 2006. Effects of vermcompost teas on plant growth and disease.
Biocycle 47:28-31.

11. Gutierrez-Miceli, F., Moguel-Zamudio, B., Abud-Archila, M., Gutierrez-Oliva, V., and Dendooven, L. 2008a.
Sheep manure vermicompost supplemented with a native diazotrophic bacteria and mycorrhizas for maize
cultivation. Bioresource Technology 99: 7020-7026.

12. Hameeda, B., Harini, G., Rupela, O., and Reddy, G. 2007. Effect of composts or vermicomposts on sorghum
growth and mycorrhizal colonization. African Journal of Biotechnology 6: 9-12.

13.

Hashemimajd, K., Kalbasi, M., Golchin, A., and Shariatmadari, H. 2004. Comparison of vermicompost and



Y46 )Lefh\ b)w‘\f M"U‘f‘&‘)}&‘e““s’@,&a \Qf

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

composts as potting media for growth of tomatoes. Journal of plant Nutrition, 27: 1107-1123.

Kazemi Arbat, H. 2007. The Cereal. Tehran university publication center, Tehran. (in Persian with English
abstract).

Khan, M., and Scullion, J. 2002. Effects of metal (Cd, Cu, Ni, Pb or Zn) enrichment of sewage-sludge on soil
micro-organisms and their activities. Applied Soil Ecology 20: 145-155.

Kumari, M., and Ushakumari, K. 2002. Effect of vermicompost enriched with rock phosphate on the yield and
uptake of nutrients in cowpea (Vigna unguiculata L. Walp). Journal of Tropical Agricalture 40: 27-30.

Malathesh, G. 2005. Nutrient substitution throught organics in maize. University of Agricultural Sciences 6: 1-131.

Mariotti, M., Ercoli, L., and Masoni, A. 1996. Spectral properties of iron-deficient corn and sunflower leaves.
Remote Sensing of Environment 58: 282-288.

Manivannan, S., Batamurugan, M., Parthasarathi, K., Gunasekaran, G., and Ranganathan, L. 2009. Effect of
vermicompost on soil fertility and crop productivity-beans (Phaseolus vulgaris). Journal of Environmental Biology
30 (2): 275-281.

Pant, A. P., Radovich, T. J., Hue, N. V., Talcott, S. T., and Krenek, K. A. 2009. Vermicompost extracts influence
growth, mineral nutrients, phytonutrients and antioxidant activity in pak choi (Brassica rapa cv. Bonsai, Chinensis
group) grown under vermicompost and chemical fertilizer. Journal of the Science of Food and Agriculture 89:
2383-2392.

Pant, A. P., Radovich, T. J., Hue, N. V., and Arancon, N. 2011. Effects of vermicompost tea (aqueous extract) on
pak choi yield, quality, and on soil biological properties. Compost Science and Utilization 19 (4): 279-292.

Pant, A. P., Radovich, T. J., Hue, N. V., and Paull, R. E. 2012. Biochemical properties of compost tea associated
with compost quality and effects on pak choi growth. Scientia Horticulturale 148: 138-146.

Paterson, E. 2003. Importance of rhizodeposition in the coupling of plant and microbial productivity. European
Journal of Soil Science 54: 741-750.

Peyvast, J. G., Olfati, S., and Forghani, A. 2008. Effect of vermicompost on the growth and yield of spinach
(Spinacia oleracea L.). Journal of Food Agriculture and Environment 6: 110-113.

Rashtbari, M., and Alikhani, H. A. 2012. Effect and efficiency of municipal solid waste compost and vermicompost
on morpho-physiological properties and yield of canola under drought Stress. Journal of Agriculture and
Sustainable Production 22 (2): 114-127. (in Persian with English abstract).

Reeve, J. R., Carpenter-Boggs, L., Reganold, J. P., York, A. L., and Brinton, W. F. 2010. Influence of biodynamic
preparations on compost development and resultant compost extracts on wheat seedling growth. Bioresource
Technology 101: 5658-5666.

Rezvantalab, N., Pirdashti, H., Bahmanyar, M. A., and Abbasyan, A. 2012. Effect of different types and amounts
of organic and chemical fertilizer on content of macro elements leaf and seed corn. Research Journal of Plant
Science 3: 20-30. (in Persian with English abstract).

Roy, S., Arunachalam, K., Dutta, B. K., and Arunachalam, A. 2010. Effect of organic amendments of soil on
growth and productivity of three common crops viz Zea mays, Phaseolus vulgaris and Abelmoschus esculentus.
Applied Soil Ecology 45: 78-84.

Sahni, S., Sarma, B., Singh, D., Singh, H., and Singh, K. 2008. Vermicompost enhances performance of plant
growth-promoting rhizobacteria in Cicer arietinum rhizosphere against Sclerotium rolfsii. Crop Protection 27: 369-
376.

Schmidt, U. 2003. Enhancing phytoextraction. Journal of Environmental Quality 32: 1939-1954.

Singh, R., Sharma, R., Kumar, S., Gupta, R., and Patil, R. 2008. Vermicompost substitution influences growth,
physiological disorders, fruit yield and quality of strawberry (Fragaria xananassa Duch.). Bioresource Technology
99: 8507-8511.

Scheuerell, S. J., and Mahaffee, W. F. 2004. Compost tea as a container medium drench for suppressing seedling
damping-off caused by Pythium ultimum. Phytopathology 94: 1156-1163.

Shi-Wei, Z., and Fu-Zhen, H. 1991. The nitrogen uptake efficiency from 15N labeled chemical fertilizer in the

presence of earthworm manure (cast). Advances in management and conservation of soil fauna. 539-542.
Shrestha, K., Shrestha, P., Adetutu, E. M., Walsh, K. B., Harrower, A. S., Ball, D., and Midmore, J. 2011. Changes
in microbial and nutrient composition associated with rumen content compost incubation. Bioresource Technology
102: 3848-3854.

Shrestha, K., Shrestha, P., Walsh, K. B., Harrower, K. M., and Midmore, D. J. 2011. Microbial
enhancement of compost extracts based on cattle rumen content compost
characterisation of a system. Bioresour Technology 102: 8027-8034.

Tejada, M., and Gonzalez, J. 2009. Application of two vermicomposts on a rice crop: effects on soil biological
properties and rice quality and yield. Agronomy Journal 101: 336-344.

Theunissen, J., Ndakidemi, P., and Laubscher, C. 2010. Potential of vermicompost produced from plant waste on



ARYY

@33 0l (gud ) Cleoguad y CuwgneS sl Shl Jolxe § CawgnaS 509 Ol il

38.

39.

the growth and nutrient status in vegetable production. International Journal of the Physical Sciences 5: 1964-1973.
Yaghtin, Sh., Moez Ardalan, M. Shorafa, M., and Alikhani, H. A. 2009. Effects of municipal compost and
vermicompost on growth and nutrient uptake of corn. Journal of water and soil 19 (2): 211-213. (in Persian with
English abstract).

Yagi, R., Ferreira, M. E., Cruz, M. C. P. D., and Barbosa, J. C. 2003. Organic matter fractions and soil fertility
under the influence of liming, vermicompost and cattle manure. Scientia Agricola 60: 549-557.



Iranian Journal of Field Crops Research olnl #1y) Gledpg sy @ pis
Vol. 14, No. 1, Spring. 2016, p. 185-199 iy AB-1AR o AFAB g o) osbeds IF aler

Effects of Vermi compost and Compost tea Application on the Growth criteria
of Corn (Zea mays)

R. Afsharmanesh'- A. Rahimi’- B.Torabi’- A. Akhgar*
Received: 16-07-2014
Accepted: 09-08-2015

Introduction

Maize (Zea mays) is a cereal crop that is grown widely throughout the world in a range of agroecological
environments. .Its value as a cost-effective ruminant feed is one of the main reasons that farmers grow it.
However, lack of nutrients such as N and P, are the principal obstacles - to crop production under low input
agricultural systems leading to dependency on chemical fertilizers. Long-term use of chemical fertilizers destroy
soil physicochemical properties and it reduced permeability which restricts root growth, nutrient uptake and
plant production. Therefore, the use of organic fertilizers can help to enrich the soil root zone As a result growth
and yield will improve.

Materials and Methods

In order to study the effects of different levels of vermicompost and foliar application of tea compost on
growth characteristics of the hybrid maize genotype 713, a greenhouse experiment was conducted as a factorial
experiment in randomized complete block design with three replications at the Vali-e-Asr University of
Rafsanjan, during 2013. Treatments were included vermicompost (0, 5%, 10%, 15%, 20%, 25% and 30% pot
weight) and tea composts (foliar application, non-foliar application). Measured traits were included root dry
weight, root volume, leaf dry weight, stem dry weight, macro nutrient concentration (N and P) and micro
nutrient concentration (Zn, Mn, Fe and Cu). All the data were subjected to the statistical analysis (two-way
ANOVA) using SAS software (SAS 9.1.3). Differences between the treatments were performed by Duncan’s
multiple range test (DMRT) at 1% confidence interval.

Results and Discussion

Results indicated that leaf and stem dry weight affected by the application of vermicompost and tea compost.
However, the interaction effects had no significant effects on the leaf and stem dry weight. Application of tea
compost increased 20% and 50% leaf dry weight and stem dry weight of corn compared to non- foliar
application, respectively. The highest leaf dry weight and stem dry weight observed at 25% pot weight vermi
compost, and lowest leaf and stem dry weight observed in control. Root volume and root dry weight affected by
the interaction effects of vermi compost and tea composts. The highest root dry weight and root volume
observed in 30% weight in non-foliar application condition. The highest root dry weight and root volume
observed in 15% pot weight in tea compost application condition. It is also resulted that Fe concentration of
shoot had affected by the application of tea compost, and using vermi compost affected the concentration of Zn,
Fe and N in shoot. Application of tea compost increased 15% Fe concentration of shoot compared to non- foliar
application. Using vermi compost of 30, 30 and 15% per pot weight increased concentration of Fe, N and Zn of
corn shoot, respectively.

Result indicated that Mn, Cu and P concentration of corn shoot affected by interaction effects of
vermicompost tea compost. It is also resulted that the highest concentration of Mn, and Cu observed in 15% pot
weight in tea compost application condition and the highest concentration of P observed in 5% pot weight in tea
compost application.
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Conclusions

Nutrient contents of vermicompost and tea compost are comparable with other organic fertilizers. Totally, it
seems that using tea compost foliar application due to bioavailability nutrient could decrease the amount of
vermicompost application.

Keywords: Leaf dry weight, Macro nutrient, Micro nutrient, Root volume, Stem dry weight
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Table 1- Analysis of variance of the effect of sowing method of onion and nitrogen levels on height of onion

a4 (Mean squares) sla po (Sl
Ol oo Source of variation ] Weeks after planting cuils’ ;1 (s 4
df 2 ] 6 8 10

LSS Replication 2 1.62 7.0 2.74 1.0 3.21
s b, Sowing method (A) 2 769.76"  1851.08"  3928.17 = 274177 17026
oyt zakaw Levels of nitrogen (B) 2 32,96 75.25" 62.36 55.44" 68.47
AxB 4 583" 12.08™ 53.11° 46.55" 56.52"

s Error 16 0.660 6.29 2.40 487 1.26

s gy /CV - 5.68 9.92 4.36 4.85 2.04

2oy ) 50 Jlain] mdaw )3 I gxe g Jl3 pxe pf i ga w9 % NS
ns, * and ** means non- significant and significant at the 5 and 1% probability levels, respectively.

(o W) (STyos 5l £U5)) 22 (35955 395 ilises Tobams g jly CudlS (B9, g9 Jillle O ST (ke Ol lio Y Jga
Table 2- Comparisons of means for interaction effects of onion sowing method and different nitrogen levels on height of onion

Sl Cwil gy E5 Bjarw 355 Tokw Cails’ 1 g i
Sowing method nitrogen levels Weeks after planting
of onion (kg ha™) 2 4 6 3 10
aily 50 26.0° 34.6° 50.7° 60.3 59.0¢
Anion set 100 22.0° 40.0% 54.3° 60.0° 72.0°
150 20.7° 43.3° 63.0° 58.0% 64.0°
2 popiins CuiS 50 6.0 9.3 14.8° 24.3¢ 42.5°
Direct seeding 100 5.3 12.0° 14.9° 28.0° 40.3'
150 2.2 10.6° 13.0° 25.3¢ 34.79
oL 50 15.7¢ 21.8¢ 32.3¢ 43.3° 59.3¢
Transplant 100 17.2° 28.3¢ 40.0° 54.3° 61.7¢
150 13.7° 27.3° 37.0° 55.3 60.0

)5 b b g)ls gxe MBI FLSD g0l (oluly alie cdgs b claodly
Data followed by the same letters are not significantly different based on FLSD test.
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Figure 1- Changes of onion plant height during growth season influenced by different planting methods (a) and different
levels of nitrogen (b) (Vertical lines on each sampling represent LSD value at the 5% level)
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Table 3- Analysis of variance of the effect of sowing methods of onion and nitrogen levels on leaf number of onion

a0 (Mean squares) ol po (WSl
©lytd gilio Source of variation 83150 Weeks after planting cwils’ ;1 s aids
df 2 4 6 8 10

S Replication 2 0.48 0.14 1.81 0.70 0.77
cuslS’ b, Sowing method (A) 2 38.25 72.48" 108.59" 164.03" 180.11"
039 ok Levels of nitrogen (B) 2 0.03™ 0.14™ 0.25™ 11.25" 31447
AxB 4 0.09™ 0.14™ 0.37™ 1559 3455

s Error 16 0.18 0.43 0.35 1.28 0.48

W ST /CV - 14.70 13.98 9.31 14.24 7.29

Jopd ) 90 Jloxs! pdaw )3 I dze g )l Sxe puf i S s g % NS
ns, * and ** means non- significant and significant at the 5 and 1% probability levels, respectively.
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Table 4- Comparisons of means for interaction effects of onion sowing method and different nitrogen
levels on leaf number of onion

b Cudls g, £
Sowing method

03870 355 Coboe

levels of nitrogen

CodlS 5 gy kb
Weeks after planting

of onion (kg ha™) 8 10
4l 50 8.66° 9.33¢
Anion set 100 16.0° 20.0%
150 13.33° 11.0%
I oo CutS 50 4.33°f 5.0°
Direct seeding 100 5.0f 4.66°
150 4.66" 433
ol 50 7.33¢ 10.0%
Transplant 100 7.0% 10.33°«
150 6.33% 11.33°

Sl o b (6l dme S| FLSD O?‘}-l bl y lie gy b slaodl
Data followed by the same letters are not significantly different based on FLSD test.
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Figure 2- Changes of onion plant leaf number during growth season influenced by different planting methods (a) and
different levels of nitrogen (b) (Vertical lines on each sampling represent LSD value at the 5% level)

ST b S phw (a8 WG 11 (59 Tobaw 9 by CdlS (g, 51 Wil ly 4520 S -0 Jgue
Table 5- Analysis of variance of the effect of sowing methods of onion and nitrogen levels on leaf area index of onion

a> (Mean squares) ol po Sl
e o Source of variation 8330 Weeks after planting cuwils’ ;1 g aiis
df 4 6 8 10

S Replication 2 0.001 0.001 0.0004 0.003
s s, Sowing method ~ (A) 2 0.051" 0216~ 0.442" 0.685
O59r sk Levels of nitrogen (B) 2 0.0008™ 0.002" 0.008™ 0.037"
AxB 4 0.0008"™ 0.002" 0.003" 0.022"

s Error 16 0.0006 0.0009 0.0008 0.001

Slyeedd oy /CV - 32.60 17.74 11.38 11.18

Jopd Y 90 Jlos! pdaw )3 I dze g )l Sxe juf i S s g % NS
ns, * and ** means non- significant and significant at the 5 and 1% probability levels, respectively.
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Table 6- Comparisons of means for interaction effects of onion sowing method and different nitrogen levels on leaf area index

S Cuidls g, £ 039545 395 Tobw CodlS 51 gy wid
Sowing method levels of nitrogen Weeks after planting

of onion (kg ha™) 6 8 10
aily 50 0.269" 0.401° 0.413°
Anion set 100 0.316° 0.494? 0.725°
150 0.372° 0.486° 0.624°
7 s CuiS 50 0.012° 0.024° 0.054°
Direct seeding 100 0.009¢ 0.016° 0.037¢
150 0.009¢ 0.016° 0.028°
A 50 0.179° 0.231¢ 0.327¢
Transplant 100 0.198° 0.326° 0.415°
150 0.179° 0.257¢ 0.373%

.AS)\AS o2 b d)b@’*" sl FLSD O}A)"\ u"’L""ﬁ Llie g_é5)> b ool

Data followed by the same letters are not significantly different based on FLSD test.
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Figure 3- Changes of onion plant leaf area index during growth season influenced by different planting methods (a) and
different levels of nitrogen (b) (Vertical lines on each sampling represent LSD value at the 5% level)
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Table 7- Analysis of variance of the effect of sowing methods of onion and nitrogen levels on shoot dry weight of onion

a0 (Mean squares) ol po (WSl
©lytd gilio Source of variation 83150 Weeks after planting cwils’ ;1 s aids
df 2 4 6 8 10

S Replication 2 0.0007 0.008 0.004 0.686 0.039
<l ) Sowing method (A) 2 0.187" 2.906 7.754" 20.297" 21.421"
0395 gl Levels of nitrogen (B) 2 0.002” 0.095" 0.244™ 2.682" 5.022"

AxB 4 0.004™ 0.069" 0.304" 0.950 410"

s Error 16 0.0002 0.014 0.01 0.196 0.076

Oyt /CV - 13.92 27.68 12.91 30.11 13.99

Jopd ) 90 Jloxs! pdaw )3 I dze g )l Sxe puf i S s g % NS
ns, * and ** means non- significant and significant at the 5 and 1% probability levels, respectively.

2l @I S (59 52 (9.5 395 e ol g by CullS 189, g8 Rl 1T (ke Sluglie -A Jgax

S b (@5 3 05)
Table 8- Comparisons of means for interaction effects of onion sowing method and different nitrogen levels on shoot dry
weight of onion

S Gl gy g ik 395 Tobw ColS 1 gy Wi
Sowing method nitrogen levels Weeks after planting
of onion (kg ha®) 2 4 6 8 10
asly 50 0.336° 0.794° 1.342° 2.379° 1.437¢
Anion set 100 0.218° 1.086° 1.725° 4.335° 5.565°%
150 0.293" 1.346° 2.392° 2.488° 3.320°
154 popiane S 50 0.014° 0.010° 0.023¢ 0.116¢ 0.559°
Direct seeding 100 0.012° 0.010° 0.022° 0.070¢ 0.283°
150 0.003¢ 0.003¢ 0.022° 0.075¢ 0.247°
o 50 0.056¢ 0.156% 0.536° 0.791% 1.678¢
Transplant 100 0.078¢ 0.234¢ 0.550° 1.884° 2.304°
150 0.059¢ 0.223¢ 0.470¢ 1.092° 2.174°

)5 b b g)ls gxe MBI FLSD g0l (ololy alie cdgs b claodly
Data followed by the same letters are not significantly different based on FLSD test.
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Figure 4- Changes of onion plant shoot dry weight during growth season influenced by different planting methods (a) and
different levels of nitrogen (b) (Vertical lines on each sampling represent LSD value at the 5% level)
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Table 9- Analysis of variance of the effect of sowing methods of onion and nitrogen levels on dry weight of onion

a0 (Mean squares) ol po (WSl
©lytd gilio Source of variation 83150 Weeks after planting cuwils’ ;1 s aids
df 2 4 6 8 10

S Replication 2 0.00001 0.021 0.009 0.002 0.058
culS by, Sowing method (A) 2 0.182" 0196 1.844" 09217 2579
039 ok Levels of nitrogen (B) 0.004” 0.052" 0.04" 2.035™ 0.181"
AxB 4 0.005" 0.053" 0.006™ 0.03™ 0.314"

s Error 16 0.0002 0.012 0.006 0.015 0.041
Syt oyt /CV - 15.54 41.66 19.91 18.63 27.78

Jopd ) 90 Jloxs! pdaw )3 I dze g )l Sxe puf i S s g % NS
ns, * and ** means non- significant and significant at the 5 and 1% probability levels, respectively.
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Figure 5- Changes of onion dry weight during growth season influenced by different planting methods (a) and different levels
of nitrogen (b) (Vertical lines on each sampling represent LSD value at the 5% level)
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Introduction

Human always has looked for improving food production through increasing crops yield. In this path, weeds
through competition with crop for environmental factors and inputs have reduced the quantity and quality of
crop products. Competition for nitrogen absorption not only is the most common form of intra-specific
competition amongst crop plants, but also is the most popular form of inter-specific competition in the system of
weed-crop interference. Therefore, understanding the method of nitrogen absorption and its allocation in
competing plants, will be a key tool to improve weed management strategies.

Materials and Methods

In order to study the effect of sowing method and nitrogen rate on the growth pattern of onion under
interference with purple nutsedge, a factorial experiment based on a randomized complete block design was
conducted with three replications at the Research Greenhouse of University of Birjand in 2013. The first factor
included three sowing methods of onion (seed sowing, onion set and transplanting) and the second factor
consisted of three levels of nitrogen (50, 100 and 150 kg N ha™, equivalent of 25, 50 and 75 mg N kg™ soil) that
urea fertilizer with a purity of 46% was used for this purpose.

Results and Discussion

The results of the analysis of variance showed that nitrogen levels had significant effects on plant height,
leaf area index as well as aboveground and bulb dry weights. Furthermore, sowing methods revealed significant
effects on plant height, leaf number, leaf area index as well as aboveground and bulb dry weights. Moreover, the
interaction between sowing methods and levels of nitrogen had a significant effect on plant height, leaf area
index and aboveground dry weight, while it had no significant effect on leaf number and bulb dry weight. The
results of the comparisons of the means of onion planting methods and nitrogen levels interactions confirmed
that the superiority of the influence of onion set were planted method and high level of nitrogen in plant height
trait, so that the maximum plant height was obtained where onion set methods and high nitrogen levels were
applied during the growing season. In addition, the lowest plant height during the growing season was observed
where the direct seed sowing method and 150 kg N ha™ were used. The lowest leaf number during the growing
season were obtained from direct seed sowing method and the leaf number per plant in this method of planting
was 4.33 and 4.66 at eight and ten weeks after planting, respectively. The greatest number of onion leaves was
produced in onion set planting method and the leaf number per plant in this method was 12.66 and 13.44 at eight
and ten weeks after planting, respectively. The highest leaf area index of onion plants during the growing season
was observed under onion set planting method and high levels of nitrogen, while the lowest value of this trait
was obtained from direct seed planting method. During the growing season, the maximum shoot dry weight of
onions was observed where the onion set planting method and high levels of nitrogen were employed. At eight
and ten weeks after planting, the maximum amount of this trait was obtained from 100 kg N ha™ that was about
4.335 and 5.565 gr plant*, respectively.

Conclusions

Onion growth pattern under interfering with purple nutsedge demonstrated that the highest and lowest growth
of onion plants were obtained where onion sets and seed sowing planting methods were employed, respectively.
Moreover, changes of growth characteristics of onion under different levels of nitrogen fertilizer and interference
conditions illustrated that the maximum and minimum amount of onions growth were obtained at 100 and 50 kq
N ha™, respectively. In conclusion, the superiority of applying the onion set planting method and 100 kg N ha
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improved onion growth where it competes with purple nutsedge. Thus, in order to minimize the yield damage
due to purple nutsedge presence, application of 100 kg N ha™ and using the onion set planting method can be
recommended as the most appropriate treatment in the management of infected farms with purple nutsedge.
However, this study was conducted under greenhouse conditions and there is no doubt that the study should be
repeated in the field to verify these results.

Keywords: Anion set, Competitive ability, Growth pattern, Transplanting
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