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Table 2- Analysis of variance of some growth traits of black cumin plants under moisture stress
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dudy 5/
. Root Tuber Tubberin Shoot dr Root dr
SOV d Height length diameter % ’ weighty weighty SR
(A) cuxex 2 0.57" 0.74™ 0.14™ 83.1" 72" 74" 0.05™
Population
(B) sush, i 2 3537 2926 - - 28.2" 60.2" 1.6”
Moisture stress . . » N w
A*B 4 0.13 7.9 - - 2.1 1.9 0.06
s 18 0.02 0.19 0.05 1.3 0.18 0.22 0.004
Error
() oy 6.1 6.9 12.2 10.8 211 15.9 14.1
CV%
Joisine g 00,00 Jlazl pobas )3 )l stne a5
™ *and ™ Non significant and significant at 5 and 1 % probability levels, respectively
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Table 3- Means comparison of black cumin populations and moisture stress and their interaction of some growth traits in the
first year of growth

.. SWE (439
%)/ Job : 1) S 1)
[-EY R W=t KY) ” ¥ &
Coros Gy . sa 3 > OF kg, Suid g
iy e <l @ 2led
(A
Heiaht Root Tuber Shoot dry Root dry
Population (qu‘) length diameter  Tubbering% weight/plant weight/plant sir
(cm) (mm) (mg) (mg)
Seid 2.2 6.6 2.4 457 1.2 2.3 0.39
Kuhbanan
ol 25 6.3 11 50.1 1.9 2.6 0.52
Sirjan
. 2.1 5.9 2.2 56.1 3 4 05
Kalat
LSD.0n 0.3 0.9 0.3 15 0.9 0.1 0.28
sk i
(YFC)
Moisture
stress
100 3.7 11.1 - - 3.2 4.1 0.8
75 3.1 1.7 - - 2.9 4.8 0.6
50 0 0 - - 0 0 0
LSD.oy) 0.3 0.9 - - 0.9 0.1 0.¥
OlarsS 100 34 10.3 - - 2 3.3 0.6
Kubanan 75 3.1 9.4 - - 1.7 3.7 0.55
50 0 0 - - 0 0 0
Ol e 100 4 105 - - 3.3 3.3 1.02
Sirjan 75 34 8.4 - - 2.3 4.3 0.52
50 0 0 - - 0 0 0
oM 100 3.7 125 - - 43 5.7 0.77
Kalat 75 2.8 55 - - 4.7 6.3 0.74
50 0 0 - - 0 0 0
LSD (.01 0.3 1 - - 1 1.1 0.32

Job &S cmax ,5 (Delkhosh et al., 2006) 25,5 o ;.
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&9y slasdles > e (Shaban et al, 2011) cél, jials
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Ekanayak ) 1 (5 st logs & Cus iy Jgbo (5303
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Wb oS ol j0 ddyy Jgb ialS ecel Sis s 4 S
ey adyy Job =) 2oy YO 9 04 VO jle 5 &S g sbay
Cad )b doyd Voo Hlog 4 Cand o glyj cud b aoy OY 5 YYD
Lebaschi and Sharifi Ashurabadi, ) c_sls Lials _<ly;
o 4Sh g g0 Aty oyt glo las &5 Ol 29S8 (2004
@it olis g Ol ol o ol Gy (el g 1 (datos
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Table 4- Simple correlation coefficients in three populations of black cumin traits under drought conditions
wlae Traits 1 2 3 4 5 6 7
LY ELG.))I
1- Height
alyy Job 0.75" 1
2- Root length
oxé b 085" 095" 1
3- Tuber diameter
oB0dE oy 0.67 0.38™ 0.51™ 1
4- Tubbering %
lon plul Sts o5 0.49™ 0.37™ 0.43™ 0.93 1
5- Shoot dry weight N N X N N
Ay, SIB s 0.86 0.79 0.75 0.72 0.68 1
6- Root dry weight
iy 4 lom ] S 5y G 092" 08" 087  062® 055 096" 1
7- Shoot dry weight to root ratio
M sime e 9 Moy 0 ) Jlain! pdaws )3 5 dime o3 ey NST g*FF
™ "and " Non significant and significant at 5 and 0.1 % probability levels respectively.
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Introduction: Black cumin (Bunium persicum Bioss) is a small and perennial herbaceous plant. During the
first year of the growth, this plant produces only cotyledon leaves and small root that becomes to underground
tuber after growth. Lack of sufficient rainfall with irregular patterns over black cumin growing areas cause
drought stress during different growth periods of plant, especially during the first and the second years of plant
growth when tubers do not well formed. Therefore, this study was planned to evaluate moisture stress impacts on
the growth of black cumin during the first year of its growth.

Materials and Methods: In order to investigate the effect of moisture stress on black cumin, an experiment
was carried out in a factorial experiment based on completely randomized design with three replications at
College of Agriculture, Ferdowsi University of Mashhad during 2014. The factors were included plant
population in three levels (Kuhbanan, Sirjan and Kalat) and three levels of moisture stress [100, 75 and 50% of
Field Capacity (FC)].

During mid-April, seed dormancy was broken by the GA and chilling. Germinated seed were planted in pots
(diameter 10 cm, height 15 cm) at a depth of 1-2 cm. Pots was irrigated at FC level for up to two weeks after
seedling establishment . After that pots weighted, and if the weight decreased from FC, added water to reach the
desired pot weight. At the end of the growing period (seven weeks after drought stress in mid-June) all plants in
each pot were harvested. Plant height, root length, shoot and root dry weight, tuber diameter and tubbering
percentage were measured. Samples of shoot and root were placed in oven at 75 ¢ for 24 hours and then their dry
weight were measured by a digital scale with accuracy of 0.001 g.

Statistical analysis was performed by using the software MSTATC and the means were compared by using
the LSD test.

Results and Discussion: The results showed that the differences between populations for all traits were
significant, except for root length and shoot/root dry weight ratio,. The effects of moisture stress and population
and their interactions were significant for all traits. Plants in all populations, at 50% FC were killed due to
drought stress. Kalat population at 75% FC had the maximum length of roots and shoots. Also, at 75% FC Sirjan
population had the most reduction in shoot dry weight. At 75% FC Kuhbanan and Sirjan populations had 15%
reduction in height while this reduction in Kalat population was 24%. Root dry weight at 75% FC in all
populations was less than 100% of FC. In all population the tuber was formed only at 100% FC and plants grown
at 75% FC did not produce tubers.

Conclusions: Results demonstrated that reducing the soil moisture from 100% FC had negative impacts on
the growth traits of black cumin. Since the black cumin is a perennial plant, it would be useful to study the
effects of moisture stress during different years.

Keywords: Tubbering percentage, Tuber diameter, Root length, Shoot dry weight
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Table 2- Analysis of variance for traits of Hibiscus sabdariffa

ap “5‘*: shass iy s ‘G’L‘: :'”3 I T NPT
S JOVES P 9P i 29, 5 25 5 5
Ol & &3 N )b S a3l Th) il S ol 5 ol S
Sources of Degrees umoer : The total € Sepals Flower
variants of Plant number of Stem Total dry
of - - number of - dry dry ;
f growing height generate diameter - . weight
reedom stems weight weight
stems stem
1< .
Rep;i);tion 2 0.06 ™ 137.37™ 4.37™ 0.50"™ 0.53 0.76 ™ 1.002 ™ 197.68 "™
< u 2 1.12"™ 942.26* 88.00%* 48.63™ 0.75* 33.26™ 39.35" 22024.68 **
Irrigation
las
Error for main 4 0.19 91.96 1.09 0.41 0.05 0.24 0.20 101.79
plots
PI“‘iF @éb't 2 521 9500.15"  24580% 10916  1504° 68432  14127% 01989261
anting date
&b x d)lﬁi
<l 4 2.46™ 126.46 ™ 0.74"™ 8.63" 0.27* 6.28" 23.65" 2096.88 ™
Irrigation x
Planting date
ks
Error for sub 12 0.40 54.91 0.36 0.65 0.01 0.18 0.51 749.57
plots
. ﬁ ° J’:_ 2 0.64™ 238.37* 23.93* 33.49* 0.08** 36.83™ 19.41* 4903.16 **
ertilization
2965 x 5]
Irrigation x 4 0.44%* 2.96 ™ 0.59 ™ 2.58* 0.06** 1.94* 037" 84.61"™
fertilization
398 x culS o
Tl 4 1.04* 30.52** 1.19* 3.76™ 0.05™ 1.40* 2.32" 205.48 ™
Planting date x
fertilization
&b x d)l»:.-:]
(255 x sl
Irrigation x 8 0.68™ 1.86™ 0.05™ 0.96* 0.03* 0.84™ 0.50* 12259 ™
Planting date x
fertilization
s
Error for sub- 36 0.07 1.35 0.28 0.17 0.01 0.19 0.21 74.57
sub plots
Coefficient of - 7.92 0.95 5.46 6.90 4.52 0.22 8.06 2.18

variation (%)

Qo yd gy g o pd S Jlein] pdaw )3 I3 pixe g YD bme puE Cud Py e
ns, *, ** non-statistically significant and significant at 1% and 5%, respectively

Nns
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Table 3- Mean comparison for the effects of irrigation, planting date and fertilizer treatments on Roselle morphological

criteria
039 039
. R Swis Suis 039
. . Alw dlawd adlw ol
5,1 laxs = = 24
. e by S pE S
e el b b The Number Ny g ols S
Experimental factors Plant Stem Thetotal — oper of of Sepals Flower Plant
height diameter number : total dr
(cm) (cm) of stems generate growing dry dry I ary
stem stems weight weight weight
per plant  per plant )
() @
| _—
e Irrigation
2 hop) (Percent of the
R reference crop
(g ye ol evapotranspiration)
i< 60 127.7a 1.97a 11.20a 7.17a 3.54a 20.56a 6.61a 434.2a
A- 80 121.9ab 1.74b 10.22b 6.22b 3.57a 20.20a 5.98b 404.6b
Voo 100 115.9b 1.65b 7.70c 4.52¢ 3.20b 18.48b 4.28¢ 377.1c
cubls F,b Planting date
oloys & June 25 143.3a 2.65a 13.09a 9.06a 3.91a 25.50a 8.13a 716.2a
v.
L ) September 10 113.9b 1.40b 8.74b 4.91b 3.370° 17.59b 5.09b 289.7b
0lo)92 )R
olo ypo) + October 1 108.2¢c 1.32c 7.30c 3.94c 3.04b 16.15¢ 3.65¢ 212.0c
ST Fertilization
Loy Ve
S 555 Cow manure 100% 119.4c 1.85a 10.78a 7.22a 3.39b 21.02a 6.59a 420.0a
895 3
Loy Ve i ili
7 Chemical fertilizer 151, 1.76n 5.09¢ 36la  1872c  502b  393.1c
orbron 368 100%
Loyd O
+ 55 58 Cow manure 50% +
Chemical fertilizer 120.9b 1.75b 5.59b 3.32b 19.50b 5.26b 404.9b
oy b 100%
sl 395

Al oo dopd gy Jlein] o 53 (Sl g05] bl ol xe MBI gyl ygias yb )3 S juitie gy b dlael
Means followed by the same letter are not significantly different at the 0.05 level, using Dunkan's test.

e ey @y yin 53 pyS VIAV 4 VIV 5l JS Sas
Sits g 5 iy ¢l Gyl g olel Blite Sl a5 A5 jasels
oS Gy 5 s by Voo o)l Jladi 50 051 o ine JS
el el il slag)ls o S5 SiS 5 5 jg a2
oy Yo iyl Jas 0 88 Canl Il 5 ) el (sl ine
(obe cigy Vo) Jol canlS’ o)l oo oS (355 9 poes
48 Bl > (e Cily |y JST Sas g 55 jg cn ke
P55k Vo) U0y sl oS oobal 5 Slas jlade o ¥ s
BMS] 4 dol Cawnddy gald 398,68 13 5 Vo )8 51 (Lo
3pSos Jlade oy yieS &S Jb 53 ity bajlass ol b (6l ixe
OV Bpae g dald 4 by (US)3 p)Sols £0+) (oLl

,» (Seghatoleslami et al., 2013) ,LSea ¢ oMuwVlass

@b 93, Shes 1 ciS fu)  (o)lel oo 3B oS
A 4 Bl ) g wals )8 sy 050 D5 Sl ol By
o Yo Jolas )bl Jlos 3 Sy sl U5 S 5 5
9 &royie 3 p)S WY 9 VYT iy 2 5o olS (3595 9 po
@y ol 55 gy 2oy Ver oo (o)l e o ol Sl
oyl pwizmed g dol Camndds @iyeyio y3 2,5 Y/EY § YY/AD i pay
J5 S g 5 js g ol me il cuslS oyl as” ol ol
Yo ) pgs bl gl L (olo Cutimd,) Vo) Jsl cuslS g,b duoli
03 5 &myere 2 S YYIAY an Y10 51 US55 (g (olesls
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oo caitig)) Yo ) 5 el jo 3l b cpiomen cudls | (@peyio
d=lite 5l cod s aols S o395 j 3, des (olodla s ¥4
Ve slass 4 S 0395 3 Slas o5t €l )6 5 )l
Cigudyl Vo cils oyl 30 xoyo oS 5l 5,05 9 s duopd
P05V 35S I (LSe 3 2 Sy kS WA4) (55 sl oS
Loyl plw b o)l gne i3] oS sol Canwddy ald 395 1S
SB ay ols 365 13938 Ylain| S oy g0 dlasly opl 3 ecadls
Sy ol o o (Sl sl b g (So3b bl gm0 b
ol 03,5 aly 3 1) SLis odle adgr o] o ) g A5,y il
ool sbasl b e opl (Nemati and Dehmordeh, 2015)
Ocimum ) 4L >u, ¢4, (Biasi et al, 2009) )L Ses 4
s, (Kaplan et al., 2009) ,LSen 4 o MLS (basilicum L.
Scheffer ) ,Kea 4 525 4 (Salvia fruticosa Mill) 5 4, 5
(Achillea millefolium L.) 4l5Log 59y ,— (et al., 1993

3y cdllae

b 4 Cud 2o pd VY dgds |y (g3laidl 5Slos jlads  old 368
Jwy s yk5 4 (Nemati and Dehmordeh, 2015) sly yil58l
35S ) (oolaidl oy Slos inlidl 0 e ids eld 265 &S
oy SB wruusS] (B Slge 5 (6551 e (e | (o2
S3pdgn 9 et (So3d Cluogad dou0 S5k jl g 29)(
Fallahi et al., ) 55— o Jgmaze 3y Sdas iul3dl cely S
Ahmadian et al., ) o)L 5 jbaes! o0 gl (2009
e CudS g CueS (813395 Bpan S ow)p 55, (2004
0l )y pdo dla s g o i ol a S ol i 0 w0
WU et )b e bt ookl 3,Slas 5 Sojolan 3,Slas
Akbarinia ) 5],Lsen 5 L (6,81 aul o il ol 365 Lo
Carum ) 4Ls; 3y50 (595 255 Lidgiy , 30 (et al., 2004
Jade Liuli 8l L as wis S alas M (copticum L. C.B Clarke
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5 00l (sla sl a s wisly L (Seghatoleslami et al., 2013)
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Table 4- Mean comparison for the interaction effect of planting date and fertilizer on Roselle plant height and total number

of stems
8355 slos Sl & ,U
Fertilizer Planting date
o SRR Yo RV
June 25 September 10 October 1
a8l S sl
Total number of stems
TR PA 14.44a 9.89 be 8e
Cow manure 100%
orboond 358 7N 4 12.22a 7.78¢ 7t
Chemical fertilizer 100%
otlrons 368 7Dt (558 355 10+ 12.61a 8.56d 6.89f
Cow manure 50% + Chemical fertilizer 100%
Al glas)l
Plant height (cm)
‘59[? .)95 X\' .
Cow manure 100% 139c 112.8e 106.6h
L;:L.o.ufé .)95 Z\' A
Chemical fertilizer 100% 148.8a 116.6d 110.1f
lhons 365 /B4 (gol5 55 V00
Cow manure 50% + Chemical fertilizer 100% 142.2a 112.4e 107.99

Al i oy gy Jloin] gaw 53 Sl g0l bl I xe BMBT Glyls gt pa > S e gy b dlael
Means followed by the same letter are not significantly different at the 0.05 level, using Dunkan's test.
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Table 5- Mean comparison for the interaction effect of the irrigation, planting date and fertilizer on Roselle number of
generate and growing stems

il &6 PS (&2 0 8LS 51 5,5 9 o 22 3) (5L
Planting date Fertilizer (Irrigation ) Percent of the reference crop evapotranspiration
60 80 100
Llj a8l slass
Number of generate stems

olo 0 oS 255 13.67a 10.50b 8.67d
25 June Cow manure 100%

st 355 1 9.67c 7.17¢f 5.33i

Chemical fertilizer 100%
losd 355 /D+ gl8 345 VD

: . 10.67b 9.17cd 6.67fg
Cow manure 50% + Chemical fertilizer 100%
ole 5865 Y+ 8 255 N+ 7,508 6.33gh 4.00KIm
September 10 Cow manure 100%
ot 255 7 417Kl 5.67hi 3.67kIm
Chemical fertilizer 100%
e 255 10+ (59l5 355 720- 3.50Im 5.67hi 3.67kIm
Cow manure 50% + Chemical fertilizer 100%
e V0 oS 257N 6.33gh 4.33jk 3.67kIm
October 1 Cow manure 100%
ld 255 7 4.00kIm 3.83kIm 2330
Chemical fertilizer 100%
st 355 7D+ (55l5 35 7 5.00ij 3.33mn 2.67n0
Cow manure 50% + Chemical fertilizer 100%
dﬁg 395 Z\ ..
Cow manure 100%
d’g 395 Z\ L4
oloys 3.00 3.67d 4.00cd
by @ Cow manure 100% g
June 25
sl 255 7 4.00cd 4,500 5.00a
Chemical fertilizer 100%
s 355 7D+ (55l5 35 70 3.33¢fg 3.67de 4.00cd
Cow manure 50% + Chemical fertilizer 100%
sl g ¥ i 3.33¢fg 4.00cd 3.17fg
September 10 Cow manure 100%
et 255 70+ 4.33b¢ 3.00g 2.33h
Chemical fertilizer 100%
s 355 7D+ 5515 5 7.0- 3.33efg 3.67de 3.17fg
Cow manure 50% + Chemical fertilizer 100%
i oS 255 7N 3.67de 3.67de 2.00h
October 1 Cow manure 100%
et 255 70+ 3.33¢fg 3.00g 3.00g
Chemical fertilizer 100%
ot 355 7D+ 55l5 35 7 3.50¢f 3.00g 2.17f

Cow manure 50% + Chemical fertilizer 100%

Al e duopd gy Jlein] o 53 (Sl 905l bl I xe MBI gyl ygias yb )3 S e gy b dlael
Means followed by the same letter are not significantly different at the 0.05 level, using Dunkan's test.
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Table 5 (Cont.)- Mean comparison for the interaction effect of irrigation, planting date and fertilizer on Roselle stem

diameter
Culs )b 25 (22 50 8US 51 5,85 9 puded 20 33) (5l
Planting date Fertilizer (Irrigation ) Percent of the reference crop evapotranspiration
60 80 100
(tacsil) 48l jLab
Stem diameter (cm)
oLo),;' [A _ .
June 25 o 255 70+ 3.20a 2.57d 2.23g
Cow manure 100%
st 355 1 2.90b 2.73¢c 2.40ef
Chemical fertilizer 100%
e 355 10+ (54l5 355 720 2.97b 2.50de 2.33fg
Cow manure 50% + Chemical fertilizer 100%
olo 5865 Y- 8 25 N 1.67h 1.50i 1.40ijK
September 10 Cow manure 100%
b 255 1)+ 1.23Imn 1.13n 1.47ij
Chemical fertilizer 100%
(e 355 10+ (54l5 355 720- 1.47ij 1.33jkl 1.40ilk
Cow manure 50% + Chemical fertilizer 100%
e V0 e A 1.50i 1.33jkI 1.23Imn
October 1 Cow manure 100%
b 255 1)+ 1.47ij 1.30kIm 1.23Imn
Chemical fertilizer 100%
sl 395 10+ 535 355 110 1.37ijkl 1.23Imn 1.23Imn

Cow manure 50% + Chemical fertilizer 100%

A3l el oy gy Jloin] paws 53 5S> g0l bl I gxe BMS] clyls g pa > S e gy b dlael
Means followed by the same letter are not significantly different at the 0.05 level, using Dunkan's test.
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Table 6- Mean comparison for the interaction effect of irrigation, planting date and fertilizer on Roselle sepals and flower dry

weight
Cwils & ,U R3S (2250 0lS 31 (3,55 9 pod a2 3) ()l
Planting date Fertilizer (Irrigation ) Percent of the reference crop evapotranspiration
60 80 100
g > S pls iS55
Sepal dry weight per plant (g)
sleys 0 oS 255 7N 29.00a 27.00b 25.00d
June 25 Cow manure 100%
et 255 7 26.67hc 24.17e 22.33f
Chemical fertilizer 100%
b 355 10+ (59l5 355 7.0- 26.17¢ 25.33d 23.83¢
Cow manure 50% + Chemical fertilizer 100%
olo yg05d Y+ S5 28 AN+ 20.00g 19.00h 18.17ij
September 11 Cow manure 100%
et 255 7 1717kl 17.50jk 14.000
Chemical fertilizer 100%
ot 355 10+ (59l5 355 7.0- 18.00ij 17.50jk 17.00KI
Cow manure 50% + Chemical fertilizer 100%
sl V0 o 25570 16.67Im 18.33hi 16.00mn
October 1 Cow manure 100%
et 255 7 15.67n 16.50Im 14,500
Chemical fertilizer 100%
e 355 10+ (55l5 355 720- 15.67n 16.50Im 15.50h
Cow manure 50% + Chemical fertilizer 100%
Ay J5 S )
Flower dry weight per plant (g)
sleys 0 R 12.67a 9.00cd 6.33fg
June 25 Cow manure 100%
et 255 7 9.67¢ 7.00ef 4.33ijk
Chemical fertilizer 100%
e 355 10+ (55l5 355 720- 11.00b 8.33d 4.83hi
Cow manure 50% + Chemical fertilizer 100%
olo y52 4 Y 35 255 1N 6.33fg 7.17e 5.33h
September 10 Cow manure 100%
b 255 7V 4.33ijk 6.17 3.67kImn
Chemical fertilizer 100%
b 355 10+ (55l5 355 720- 4.67hig 4.50ij 3.67kImn
Cow manure 50% + Chemical fertilizer 100%
A oS 255 N 4.00jkim 4.33ijk 4.17ijki
October 1 Cow manure 100%
et 355 7+ 3.33mn 3.67kImn 3.00n
Chemical fertilizer 100%
bt 395 7D+ 55l5 35 7 3.50Imn 3.67kImn 3.17n

Cow manure 50% + Chemical fertilizer 100%

Al oo dopd gy Jlein] o 53 (Sl g05T bl I ixe MBI gyl ygias yb )3 S e gy b dlael
Means followed by the same letter are not significantly different at the 0.05 level, using Dunkan's test.
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Introduction

Roselle (Hibiscus sabdariffa ) is considered as a member of Malvaceae family which is cultivated across all
tropical and warm areas. More than 300 species of Hibiscus are found in tropical and subtropical regions across
the world. Roselle is annual and self-pollinated plant. This plant is very sensitive to cold and glacial, it is
multipurpose plant and its various components are used. Severe water restrictions and the high water costs cause
in some areas, the optimal level of water to become lower than the required level for maximum production.
Nowadays, appropriate irrigation management and the cultivation of drought-resistant plants are regarded as
strategies to deal with drought stress. Roselle is one of the few drought resistant plants. To study the effect of
different levels of irrigation, planting date and fertilizer management on yield and yield components of Roselle,
an experiment was contacted in Agricultural Research Station, 105 kilometers East of Bandar Abbas, Minab city,
Iran.

Materials and Methods

An experiment was conducted as split-split-plot based on a randomized complete blocks design with three
replications. Treatments included irrigation levels in three levels (100,80 and 60 percent evapotranspiration from
reference crop) as main plots, planting date in three levels (June 15, September 10 and October 1") as subplots
and three levels of fertilizer (Cow manure, chemical fertilizer 50% and 50% cow manure and chemical
fertilizers) are allocated as sub-sub plots.

Results and Discussion

The results showed that the highest plant height (127.7 cm) and stem diameter (1.97 cm) were obtained in
irrigation after 60 percent evapotranspiration from reference crop. The highest number of growing stems (3.20
stems) and sepal dry weight (18.48 g) were shown in 100 percent evapotranspiration from reference crop. The
total number of stems, the number of generate stems, flower dry weight and plant dry weight were decreased by
increasing the percent evapotranspiration from reference crop. Thus, the lowest total number of stems (7.70), the
number of generate stems (4.52), flower dry weight (4.28 g. per plant) and plant dry weight (377.1 g. per plant)
were shown in 100% evapotranspiration of the reference treatment. Most of the studied criteria were decreased
by delaying sowing date. The lowest stem height (108.2 cm), stem diameter (1.32 cm), total number of stems per
plant (7.3), the number of generate stems per plant (3.94), sepals dry weight per plant (16.15 g), flower dry
weight per plant (3.65 g), total dry weight per plant (212 g), were obtained on 1" October sowing date. The
highest stem diameter (1.85 cm), total number of stems per plant (10.78), the number of growing stems per plant
(7.22), sepals dry weight per plant (21.02 g), flower dry weight per plant (6.59 g), total dry weight per plant
(420.02 g), were obtained under 100% chemical fertilizer treatment. The highest plant height (125.1 cm) and the
number of growing stems per plant (3.61) were obtained under 100% chemical fertilizer treatment+100 percent
evapotranspiration from reference crop under 1™ of October treatment. The lowest stem diameter, the number of
generate stems, the number of growing stems, sepals dry weight and total dry weight in each plant were obtained
under 100% chemical fertilizer treatment+100 percent evapotranspiration from reference crop under 1"
of October treatment. The highest stem diameter, the number of generate stems per plant and flower dry
weight per plant were observed under 100% cow manure+60 percent evapotranspiration from reference crop.
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The highest number of stems per plant, the number of generate stems per plant, sepals dry weight per plant and
dry weight of flower per plant were obtained under 100% cow manure on 15 July sowing date treatment.
Conclusions

The results showed that most of the studied criteria were decreased by delaying sowing date from June to
October. The highest dry weight of flower per plant and sepals yield were obtained under 100% animal manure+
June 15 sowing date treatment. The lowest dry weight of sepals per plant was shown under 100% of
evapotranspiration irrigation of the reference crop.

Keywords: Chemical fertilizer, Cow manure, Flower yield, Sepals yield
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1- Maintenance respiration
2- Growth respiration
3- Light saturated leaf photosynthesis rate
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Figure 1- Daily gross photosynthesis rate (GPHOT, kg CH,O ha™d™) for closed canopy (linear growth period) as function of

maximum photosynthesis rate of single leaf at light saturation (Fg, kg CO, ha™h™) and daily radiation (MJ md™) in latitudes
between 0-40. Source: Versteegand van Keulen, 1986.
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Figure 2- Relation between maximum photosynthesis rate of single leaf at light saturation (Fg, kg CO, hah™) and
temperature in 4 groups of crop species: 1) Temperate C3 species (wheat, barley, potatoes, sugar beet), 11) Warm climate C3
species (rice, soybean, cotton, cassava), I11) C4 species (corn, sorghum. millet, sugarcane) 1V) cultivars of C4 species (corn,
sorghum) adapted to lower temperature, Fg is the same as group 111 but in 5 C° lower temperature. Versteeg and van

Keulen, 1986
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Figure 3- Relation between coefficient of maintenance respiration (C; in Equations 5 and 6) and average growth period
temperature for 1) non-leguminous species and b) leguminous species. Source: Versteeg and van Keulen, 1986
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Figure 4- Correction of maintenance respiration coefficient (C,, kg kg™) for deviation from reference temperature (ref)
during linear growth period (46 days) in 5 groups of crop species (Table 1) with different daily respiration rates (R, kg

CH,0 kg DM™ d%), reference temperature for C3 and C4 species is 20 and 30 °C, respectively. Source: Versteeg and van
Keulen, 1986
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Table 1- Maintenance respiration rate (R, kg CH,O kg DM*d™?) and conversion efficiency (E, kg DM kg* CH,0) at
reference temperature (20 and 30 °C for temperate and tropical species, respectively). Source: Versteeg and van Keulen, 1986

Jaae g95 Crop group Rm Ec
! osé/ slass, 4alS Root/tuber crops 0.010 0.75
oM Cereals 0.015 0.70
Dy slaals Protein-rich seed crops 0.025 0.65
Oil-rich seed crops 0.030 0.50
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Figure 5- C,, factor for correction of maintenance respiration coefficient (C,) at different durations of linear growth period,
C, is equal 1 for liner growth period of 46days. Source: Versteeg and van Keulen, 1986.
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Figure 6- Fraction of absorbed radiation (F,,s) by crops during different growth stages, arrows shows start and the end of
linear growth phase
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Figure 7- Distribution of measured yields of wheat (a) and sugar beet (b) in experimental plots and high yielding farms in 3

different regions. Lower and upper limits of the box (rectangle) shows the fist and third quartiles and the inner line is
median, provided that 75% of the data are covered by the box, outer lines (whiskers) show 95% interval.
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Figure 8- Comparison of observed wheat yields in Torbat, Mashhad and Neishabor cities with predicted potential yield using

5 methods: SUCROS model, LINTUL model, RUE method, FAO method and FAO modified (FAO-M) method. Regression
(solid) and 1:1 (broken) lines are also shown.

sladize sbanpte » 0adLs (2l jlde (S 9 39,
o 39 (ME) il s ol (Y Jgis) dol camdas (5lwanss
B e l7e 510 G g J9b BB (yp o0 03l g A
g 00 odalie (s Slos po oSy b cud ogMeas il
L )b e 0olds bty Jl Sage > 48y oAb (dn i
Ot 35 g Sy b3 (RY) o 9 Bl V) S
(Y Jgis) el Cawday +/YA L5 - /5
0l wwly (gilwded glo Jae by o Hlasl &S G565 len
i Sy 35 oty 3,Shes it 9 2Vl St (il
o3s ) dow | Jmols slmdjglyy Jlo e )3 bl (g 2
el sln s s ol 55 FAO 5 RUE ela gy ohag

3 Sloe oids odaline Sle :.\aé,..wu- D)Slo& S

U9y 0 lawgs agdll 5,Sles olde g 35y HLS jd 5 AV/D A8 juias
o3latwl 350 03l (gla gy 45" a0 lis (A JS5) Hlael s
058l 0y Sdae (gl slaJie b duglie > ddlles opl jo
3 S 3 ol Gl 2008 25l 53 <o L) a8y
(7 Jsiz) 2555 53l b8 )3 (5 VAN I gy 2 o sl
Sl 40 o) o) Us 3 llas Jlae Sl dont )3
s WV/+Y Jsleo RMSE, olio oy 5L 95 oy Y/¥ (ohinlio
FAO-M 5 FAO () (—niptm 4 baye coi ity dop3 Vo /Y

1- Absolute error



YYY  olelys bl 5o 0ol jusss g pusS 8 Shes Sl

s (Nonhebel, 1994) | .a 4L a5l Lo asljg, (slaosls 4y
syl as ol oL (Soltani et al., 2004) | )\Ken 5  sllabe
aS A J.aa|9'> el dlale slaosly u»l.wl 2 ol sl Jso

i 04 (65803l polie I i 1) 0 Sdas o Je ol

aS 590 ol 5l S mls lal oLyl asdl g Jod 8
38las (oiin $lp 295 bl 5l 5 Slale edle gl g,
5503y65 1 iy
adllas opl j0 ooliiwl D)0 ool (gla ybg, a5 Cuild ax g5 L
olislen laoly aslale 1WSlie ulol p 1) Sis odlo sgs

3,80as pe55 sl (Silwdnd gl Jae a5 b 55 A8 o 3y9]

35be P elaalin il O ¢ aniliy dagl o 13 008 3 ,50a 359139 (515 o0l 25! (g5 0 dawlio Cpr (g b0l (gla b -Y Joua
ME g clsalbie uKke 4 Cumd Uad lrs po (1Kko i RMSE, dlad Sl po (0o jida RMSE ¢y 50Ke MB el s iy

ol ddlro cpd
Table 2- Statistical measures for comparison between 5 methods used for estimation of potential wheat yield, mean observed
yields (O), mean predicted yields (P), MB mean bias, RMSE root mean square error, RMSE, ratio of root mean square error

to mean-O, ME modeling efficiency. a, b show intercept and slope of the regression line between observed and predicted
yields and R? is the coefficient of determination.

LINTUL SUCROS RUE FAO FAO-M
Mean-O (t ha™) 7.18 7.18 7.18 7.18 7.18
Mean-P (t ha) 7.26 7.30 7.29 7.27 7.33
MB (t ha®) -0.08 -0.12 -0.12 -0.09 -0.16
RMSE (t ha®) 0.19 0.25 0.28 0.31 0.37
RMSE, (%) 2.72 3.49 3.91 4.39 5.15
ME 0.85 0.76 0.70 0.62 0.47
a 0.49 0.57 1.41 0.24 0.6

b 0.94 0.93 0.81 0.97 0.93
R? 0.88 0.82 0.75 0.73 0.67

(P<+/+0) 5,5 (Y=X) Vo) bad s g o 51 yoye b ()l st ool n jbg, 5 Sogun D 5@ olis
In all methods the values of a and b are not significantly different from the intercept (a=0) or slope (b=1) of the 1:1 line (P<0.05).
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Table 4- Statistical measures for comparison between 5 methods used for estimation of potential sugar beet yield, mean
observed yields (O),mean predicted yields (P), MB mean bias, RMSE root mean square error, RMSE, ratio of root mean

square error to mean-O, ME modeling efficiency. a, b show intercept and slope of the regression line between observed and
predicted yields and R? is the coefficient of determination.

LINTUL SUCROS RUE FAO FAO-M
Mean-O (tha?) 82.50 82.50 82.50 82.50 82.50
Mean-P (t ha™) 82.09 81.91 82.50 82.56 82.55
MB (t ha) 0.40 0.59 -0.01 -0.06 -0.05
RMSE (t ha™) 3.14 3.43 3.28 3.29 3.54
RMSE, (%) 3.80 4.16 3.98 3.99 4.29
ME 0.64 0.57 0.60 0.60 0.54
a 7.25 10.97 3.59 20.89 20.77
b 0.91 0.86 0.95 0.74 0.75
R? 0.7 0.64 0.69 0.62 0.58

(P<e/+0) 5yl (Y=X) Vi) s ol g slie 1 ()2 b (g)ls dime glds a3, 5l Soud 5D 5@ jlie
In all methods the values of a and b are not significantly different from the intercept (a=0) or slope (b=1) of the 1:1 line (P<0.05).
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Figure 9- Comparison of observed sugar beet yields in Torbat, Mashhad and Neishabor cities with predicted potential yield

using 5 methods: SUCROS model, LINTUL model, RUE method, FAO method and FAO modified (FAO-M) method.
Regression (solid) and 1:1 (broken) lines are also shown.
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Figure 10- Cross validation of the predicted yield of wheat (a, b and ¢) and sugar beet (d, e, and f) by using FAO, FAO-M and
RUE methods against predicted yield using LINTUL simulation model, data from 3 regions are not separated.
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Figure 11- Cumulative probability of observed yields of wheat in 3 studied regions (a) and cumulative probability of
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Figure 11- Cumulative probability of observed yields of sugar beet in 3 studied regions (a) and cumulative probability of
predicted yields using 5 different methods for Torbat (b), Mashhad (c) and Fariman (d).

2 Fse Jolse allis o 05 S5 L o bt 1l

(Viglizzo et al., 2004) 5,5 salgd i Gasuie ol H
s sy e Sl s o] 8 ol 3 Jite sl
oMo 335 5 5555 s 53815 5 ool Sl ok 351 SasS
Goe 3ile (LS Clogad dluwgas alon g Ol (lapio
i S (Sdgpiap calin 5 (lasiy) colia i) anng
Oloogas | glailais wlio 0 uuld s oS Jbs 3 200 0
Gardner, ) cowl gixdis 9 Syl a0 1l 5 0dg Jdiws alS
iy Sl &S lwand gl Jae cds olwl opl 5 (1998
955 3 Sload 4l (4050 B 0 )F) So S ol 53 38hee
ol gty el 1o 3 025 iy LS (sl el 355 (e
2 939 dnlsd e B ladlaie ulide )3 byl ol (e S
(De Wit et al., 2005) b o Lials o yiay CoBd donD
s ogdhe 3y Shos (i sl calie Jae QB 5 ol
Cowl Conl Pl 55 adlas yolide Laosld & (awyiwd l5se
&Sl ,> (Kravchenko et al., 2000; Batchelor et al., 2002)
oo ) Jouilty 3, Slos b bl Ban &8 ooy 5
sdmn Sdde sl il Jolbs Glagzg B il )l cnl S
losls sla e Laylyd gl o 130 il so o0l s (5lodns

s 5lead a oM sla e a5 0l lis Limed ol =l
> Sdas c¥lezsl 390, )3 g Blite el s )3 (g 548
sla o b awslio jo (clddlais oldo )0 wyp cov &Y games
N T I e R
ol e e @18 3 wbde 45U ey L (et al., 2005
as)re wlade ) (giluwdnd glp o i) sl Jae o5 aish
.JJ)‘JJ ‘_5.:9> Cdd ulo 9 Lgldj.‘au:: u»l.«.o.o Bl ‘Yw Dgud o0 a3l
ol 3 oad iy slazally 3l 0390 35 s & Baes yel (3
15 45 LINTUL 4 SUCROS Lo Jice Jlto (6l cusla i
2LS el 08 g WY (gl cui s wlad) ey ol guis
b, 4 S WOFOST (Boogaard et al.,1998) Ji_s 5 635
ALS 2ol L V0¥ b ely; 465 4y 4ty 0d 4zl SUCROS
Jie (ricwly als o yd L el ool cpoed &S o (o )
= g Gl (dolojl 58 (cLaodly ay (o yid p i
35 Alg55 J1y55 0 (LS jlel o Sles sl ©)go )
By 90 YU 4 595 o (6,90l .(Kropff et al., 2001)
Sl Jods al 4yl 3o )3 ool 3)90 sl S (Snin
Silosds  seiwly (cdalesl claodls ool WS b Jao a5



WAV Gliwo F oyl 8 ol (Il oe1)) sledidg s g s YYA

Vb9 w4 byye Sl 30 (pl 13 2980 gume (olia
g Al o 15, sla o jI (slond 4o gy oS ilusbrs ol
3y Slos (arohey Car B 5l 2lse 5 o laedlsy JBli &
e > Ll (it @l 9 4 @l Ay g S Jusly
b oS (il oazm Jas 3 L glolys ol 1 atlaie
o=l eal ol 5 .cd )8 )18 duslde 3)g0 Mdgs 00l Sxialg
b 9 ol bl (bl Bld 4 ool (slabg) i
FolsSiee cnlply g widly Gilisee gblie 3 Jpazo 93 5,Shos
g ol Jol8 slmodly &y s yiwd pae bl )3 ool (sl Jo ol
A8y sladse sl sl o) bl (398 5l3] 3 9 (2l

2,5 oolil (gilwdnd odgmy o (sl il plysa

é:‘}iwtzr“

Cro—o 4 b cllel | o | 5iss ol sy
ool dadie g olSiils gy Cuiglee Lawgi VWAY/ Y/

.)94»@ d)l)imluu 41“"9()"‘)‘} dS ol

orelS Jgib B o b1y 0 Shae sty i dllas B oS
Brooks et al., 2001; Brooks and ) cuils saled cuse )l as
(Tobias, 1999

S 15 4o

o bygrye Clilllae > ol)j Y game Jeuily 5Slee 3]

S2908 3y Shoe M oS g 425 9 (SajelsSly ST snaing
5103, )l jolate ol sl 1y aliee (sla gy (e § ol
i S liialojl (5 0ad (6 pSojlusl 5 Slae 5l ool a8
odd (e 0y Sles g Jgamoy £)l5e 3y Sloe ¢ 2l
Aitle Loy ol o ptee 5l (3lodend la e dlowgas
Sl HIyes p (oYL Cds jl (gilwand gl Jie gl a5 o955l
sloodls oll  Juo 3> (oeialy pilie 3l (5554 g
sl 53 g ol alg,y 2len g O (claodls a4y (pwyiwd g inloj]
4 g 39 algsS )08y (BB Sl Jue (b ©)pecn
438 00 ool sla Juo 1 edlawl oyl i 0 > peed

References

1.

Batchelor, W. D., Basso, B., and Paz, J. O. 2002. Examples of strategies to analyze spatial and temporal yield
variability using crop models. European Journal of Agronomy 18: 141-158.

2. Bell, M. A., and Fischer, R. A. 1994. Using yield prediction models to assess yield gains: a case study for wheat.
Field Crops Research 36: 161-166.

3. Bhatia, V. S, Singh, P., Wani, S. P, Chauhan, G. S., Kesava Rao, A. V. R., Mishra, A. K., and Srinivas, K. 2008.
Analysis of potential yields and yield gaps of rain fed soybean in India using CROPGRO-Soybean model.
Agricultural and Forest Meteorology 148: 1252-1265.

4. Boogaard, H. L., Van Diepen, C. A., Rouitter, R. P., Cabrera, J. C. M. A,, and Van Laar, H. H. 1998. WOFOST
7.1 User guidefor the WOFOST 7.1 crop growth simulation model and WOFOST Control Center 5.1. Techn. Doc.
52, Alterra, WUR, Wageningen, The Netherlands, pp. 144.

5. Boote, K. J., Jones, J. W., and Pickering, N. G. 1996. Potential uses and limitations of crop models. Agronomy
Journal 88: 704-716.

6. Brooks, R. J., Semenov, M. A., and Jamieson, P. D. 2001. Simplifying Sirius: sensitivity analysis and development
of a meta-model for wheat yield prediction. European Journal of Agronomy 14: 43-60.

7. Brooks, R. J., and Tobias, A. M. 1996. Choosing the best model: Level of detail, complexity and model
performance. Mathematical and Computer Modeling 24 (4): 1-14.

8. Brooks, R. J., and Tobias, A. M. 1999. Methods and benefits of simplification in simulation. In: Al-Dabass, D.,
Cheng, R.C.H. (Eds.), UK Sim 99 Fourth National Conference of the U.K. Simulation Society, 7-9 April 1999.
UK Simulation Society, St Catharines College, Cambridge, pp. 88-92.

9. Caldiz, D. O., Haverkort, A. J., and Struik, P. C. 2002. Analysis of a complex crop production system in
interdependent agro-ecological zones: a methodological approach for potatoes in Argentina. Agricultural Systems
73:297-311.

10. Cassman, K. G., Dobermann, A., Walters, D. T., and Yang, H. S. 2003. Meeting cereal demand while protecting
natural resources and improving environmental quality. Annal Review of Environmental Resources 28: 315-358.

11. Deryng, D., Sacks, W. J., Barford, C. C., and Ramankutty, N. 2011. Simulating the effects of climate and
agricultural management practices on global crop yield. Global Biogeochemical Cycling, 25: 18.

12. De Wit, A. J. W., Boogaard, H. L., and van Deipen, C. A. 2005. Spatial resolution of precipitation and radiation:
the effect on regional crop yield forecasts. Agricultural and Forest Meteorology 135: 156-168.

13. Efron, B., and Gong. G. 1983. A leisurely look at the bootstrap, the jackknife, and cross-validation. The American
Statistician 37 (1): 36-48.

14. FAO, 1978. Report on the Agro ecological Zones Project. Vol. 1.Methodology and results for Africa. World Soil

Resources Report 48/1. FAO, Rome, 158cpp.



Y4

il 3 bl 55 B i g puiS 5, Khos Siuls

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

FAO, 1981. Report on the Agro ecological Zones Project. VVol. 3.Methodology and results for South and Central
America. World Soil Resources Report 48/3. FAO, Rome, 251 pp.

Gardner, R. H. 1998. Pattern, process and analysis of spatial scales. In: Peterson, D.L., Parker, V.T. (eds.).
Ecological Scale: Theory and applications. Columbia State University Press, New York.

Gommez, R. 2000. Crop-yield weather modeling. FAO-WMO Roving Seminar, Lecture notes and exercises, FAO,
Rome.

Goudiraan, J., and van Laar, H. H. 1993. Modeling Crop Growth Processes. Kluwer Academic Press, The
Netherlands.

Goudriaan, J. 1996. Predicting crop yields under global change. In: Walker, B.H., Steffen, W.L. (Eds.), Global
Change and Terrestrial Ecosystems. International Geosphere-Biosphere Programme Book  Series
2.CambridgeUniversity Press, Cambridge, UK, pp. 260-274.

Hoogenboom, G. 2000. Contribution of agro meteorology to the simulation of crop production and its
applications. Agricultural and Forest Meteorology 103: 137-157.

Jagtap, S. S., and Jones, J. W. 2002. Adaptation and evaluation of the CROPGRO-soybean model to predict
regional yield and production. Agriculture Ecosystems and Environment 93: 73-85.

Jamieson, P. D., Porter, J. R., and Wilson, D. R. 1991. A test of the computer simulation model ARCWHEAT1 on
wheat crops grown in New Zealand. Fields Crops Research 27: 337-350.

Jamieson, P. D., Porter, J. R., Goudriaan, J., Ritchie, J. T., Keulen, H., and van Stol, W. 1998. A comparison of the
models AFRCWHEAT2, CERES-Wheat, Sirius, SUCROS2 and SWHEAT with measurements from wheat grown
under drought. Field Crops Research 55: 23-44.

Kravchenko, A. N., and Bullock, D. G. 2000.Correlation of corn and soybean grain yield with topography and soil.
Agronomy Journal, 92: 73-85.

Kiniry, J. R., Bean, B., Xie, Y., and Chen, P. 2004. Maize yield potential: critical processes and simulation
modeling in a high-yielding environment. Agricultural Systems 82: 45-56.

Koocheki, A., Nassiri Mahallati, M., Soltani, A., Sharifi, H., and Ghorbani, R. 2006. Effects of climate change on
growth criteria and yield of sunflower and chickpea crops in Iran. Climate Research 30: 247-253.

Koocheki, A., and Nassiri Mahallati, M. 2016. Effects of climate change on agricultural production of Iran: II.
Predicting productivity of field crops and adaptation strategies. Iranian Journal of Field Crops Research 14: 1-20.
(in Persian with English abstract).

Koocheki, A., and Nassiri Mahallati, M. 2007. Impacts of climate change and CO, concentration on wheat yield in
Iran and adaptation strategies. Iranian Journal of Field Crops Research 6 (1): 139-153. (in Persian with English
abstract).

Kropff, M. J. Bouma, J., and Jones, J. W. 2001. Systems approaches for the design of sustainable agro-ecosystems.
Agricultural Systems 70: 369-393.

Licker, R., Johnston, M., Foley, J. A., Barford, C., Kucharik, C. J., Monfreda, C., and Ramankutty, N. 2010. Mind
the gap: how do climate and agricultural management explain the ‘yield gap’ of croplands around the world?
Global Ecological Biogeography 19: 769-782.

Loague, K., and Green, R. E. 1991. Statistical and graphical methods for evaluating solute transport models:
overview and application. Journal Contaminant Hydrology 7: 51-73.

Lobell, D. B., Cassman, K. G., and Field, C. B. 2009. Crop yield gaps: their importance, magnitudes, and causes.
Annual Review of Environmental Resources 34: 179-204.

Mondani, F. 2012. Simulating the effect of climate change on wild oat and sunn pest damage on wheat under
Mashhad weather conditions. PhD thesis, Ferdowsi University of Mashhad.

Muchow, R. C., and Kropff, M. J. 1997. Assessing the potential yield of tropical crops: role of field
experimentation and simulation. In: Kropff, M. J., Teng, P. S., Aggarwal, P. K., Bouma, J., Bouman, B. A. M.,
Jones, J. W., Van Laar, H.H. (Eds.), Applications of Systems Approaches at the Field Level. Vol. 2. Kluwer
Academic Publishers, Dordrecht, the Netherlands, pp. 101-112.

Nassiri Mahallati, M., Koocheki, A., and Jahan, M. 2011 .Radiation absorption and use efficiency in relay
intercropping and double cropping of winter wheat and maize. Iranian Journal of Field Crops Research 8 (6): 878-
890. (in Persian with English abstract).

Nassiri Mahallati, M., Koocheki, A. Kamali, G. A., and Shahandeh, H. 2006. Potential impact of climate change
on rainfed wheat production in Iran. Archives in Agronomy and Soil Science 52: 113-124.

Nassiri Mahallati, M., and Koocheki, A. 2017.Trend analysis of nitrogen use and productivity in cereal production
systems of Iran. Journal of Agroecology 9: 360-378. (in Persian with English abstract).

Neumann, K., Verberg, P. H., Stehfest, E., and Muller, C. 2010. The yield gap of global grain production: a spatial
analysis. Agricultural Systems 103: 316-326.

Nonhebel, S. 1997. Harvesting the sun’s energy using agro ecosystems. DLO Research Institute for Agrobiology
and Soil Fertility, Wageningen, the Netherlands. 96 pp.

Nonhebel, S. 1994. The effects of use of average instead of daily weather data in crop growth simulation-models.



IVAY ol F o yloids I8 wdor ol ! (8155 Slesindgly 4 ot V¥

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Agricultural Systems 44: 377-396.

O’Connell, M. G., O’Leary, G. J., Whitfield, D. M., and Connor, D. J. 2004. Interception of photo synthetically
active radiation and radiation use efficiency of wheat, field pea and mustard in a semi-arid environment. Field
Crops Research 85: 111-124.

Parsa, S. 2008. Modeling spatial and temporal variation of sugar beet (Beta vulgaris L.) yield in Khorasan
province. PhD thesis. Ferdowsi University of Mashhad.

Priya, S., and Shibasaki, R. 2001.National spatial crop yield simulation using GIS-based crop production model.
Ecological Modeling 135: 113-129.

Richter, G. M., Jaggard, K. W., and Mitchell, R. A. C. 2001. Modeling radiation interception and radiation use
efficiency for sugar beet under variable climatic stress. Agricultural and Forest Meteorology 109: 13-25

Soltani, A., Khooie, F. R., Ghassemi-Golezani, K., and Moghaddam, M. 2001.A simulation study of chickpea crop
response to limited irrigation in a semiarid environment. Agricultural Water Management 49: 225-237.

Soltani, A., Meinke, H., De Voil, P. 2004. Assessing linear interpolation to generate daily radiation and
temperature data for use in crop simulations. European Journal of Agronomy 21: 133-148.

Stehfest, E., Heistermann, M., Priess, J. A., Ojima, D. S., and Alcamo, J. 2007. Simulation of global crop
production with the ecosystem model Day Cent. Ecological Modeling 204: 345-361.

van Bussel, L. G. J., Miller, C., Van Keulen, H., Ewert, F., and Leffelaar, P. A. 2011. The effect of temporal
aggregation of weather input data on crop growth models’ results. Agricultural and Forest Meteorology 151: 607-
619.

van Delden, A. 2001 Yielding ability and weed suppression of potato and wheat under organic nitrogen
management. PhD Thesis, WageningenUniversity, TheNetherlands, ISBN 90 5808 519 /8, pp. 197.

van Ittersum, M. K., Cassman, K. G., Grassini, P., Wolf, J., Tittonell, P., and Hochman, Z. 2013. Yield gap
analysis with local to global relevance-A review. Field Crops Research 143: 4-17.

van Ittersum, M. K., Leffelaar, P. A., van Keulen, H., Kropff, M. J., Bastiaans, L., and Goudriaan, J. 2003. On
approaches and applications of the Wageningen crop models. European Journal of Agronomy 18: 201-234.

van Laar, H. H., Goudriaan, J., and Van Keulen, H. 1997. SUCROS97: Simulation of crop growth for potential
andwater-limited production situations. C.T. de Wit Graduate School for Production Ecology and Resource
Conservation, Wageningen, The Netherlands, pp. 52.

van Wart, J., Kersebaum, Ch., Peng, Sh., Milner, M., and Cassman, K. G. 2013. Estimating crop Yyield potential at
regional to national scales. Field Crops Research 143: 34-43.

Viglizzo, E. F., Podomingo, A. J., Castro, M. G., Lertora, F. A., and Bernardos, J. N. 2004. Scale-dependent
controls on ecological functions in agroecosystems of Argentina. Agriculture, Ecosystem and Environment 101:
39:51.

Versteeg, M. N., and van Keulen, H. 1986. Potential crop production prediction by some simple calculation
methods, as compared with computer simulations. Agricultural Systems 19: 249-272.

Wilmot, C. J. 1982. Some comments on the evaluation of model performance. Bulletin of American
Meteorological Society 64: 1309-1313.

Wit, A. J. W., Boogaard, H. L., and Diepen, C. A. 2005. Spatial resolution of precipitation and radiation: the effect
on regional crop yield forecasts. Agricultural and Forest Meteorology 135: 156-168.



Iranian Journal of Field Crops Research lnl =) Gleid gy 4yl
Vol. 16, No. 4, Winter. 2019, p. 723-741 A YYY-VE) .o ATAY lbimo; F o lois 15 Al

Yield Monitoring for Wheat and Sugar beet in Khorasan Province: 1- Analysis
of Methods for Estimating Potential Yield

M. Nassiri Mahalati'"- A. Koocheki'
Received: 12-02-2017
Accepted: 10-06-2018
Introduction

Potential production condition is defined as situation where water and nutrients are supplied in ample with no
damage from weeds, pests and diseases. Under this situation potential yield (Yp) which is defined by solar
radiation, temperature, CO, concentration and genotypic characteristics of the crop species could be achieved.
Closing the gap between Yp and actual yield (Ya) harvested by farmers is considered as the main challenge of
agronomic sciences all around the world. Crop simulation models provide a powerful tool for prediction of Yp at
regional and national scales. However, the accuracy of these models is highly dependent on the quality of input
data which are usually not fully available even in developed countries. Simplified models designed based on few
simple equations may be considered as an alternative where accurate data sets are lacking. In this research, Yp of
wheat and sugar beet were estimated using some simple methods and the results were compared with those of
complex simulation models under the same climatic and management conditions in Khorasan province, north
east of Iran.

Materials and Methods

Potential yields of wheat and sugar beet were estimated by three simple calculation methods including FAO
method (FAO, 1981), modified FAO, FAO-M (Versteeg and van Keulen, 1986) and RUE-based method
(Nonhebel, 1997) at three different regions (Torbat, Mashhad and Neishabor) in Khorasan province. In these
methods total above ground dry matter (DM) is calculated using two equations and Y/, is estimated as the
product of DM and harvest index with minimum weather data requirements. In addition, Yp for both crops and
at the same locations was predicted using LINTUL and SUCROS simulation models which were previously
calibrated for yield estimation of wheat and sugar beet at regional level. The accuracy of predicted potential
yields by five methods was compared statistically against the measured yields obtained from the field
experiments and high yielding farms at the studied regions.

Results and Discussion

Mean observed yield of wheat over the three studied regions was 7.18 t ha™ and the estimated potential yield
in the same regions using two simulation models and three simplified models was ranged between 6.92 and 7.63
t ha™. Prediction error for the simulation models was 1.39 and for simple methods less than 5% (4.64%).
Relative root mean squared error (RMSE,) for the simple methods was higher than that of complex models.
However, it was between 7.11 and 10.16 % of the mean measured wheat yield which could be statistically
considered as reasonable. Calculated values of modeling efficiency (ME) were positive and higher than 0.60
except for FAO-M method (ME=0.48). Measured sugar beet yield averaged over regions was 82.5 t ha™ and
estimated potential yield by different methods was between 89 and 91 t ha™. Simple calculation methods had
lower accuracy in predicting sugar beet yield compared to simulation models but RMSE,of simple methods
never exceeded 11.5% showing statistically acceptable prediction. Cross validation indicated significant
correlation between the results of three simple methods and that of complex simulation models.

Conclusions

Results of this study showed that potential yields of different crops can be estimated accurately using simple
calculation methods with minimum weather data requirements. Such methods may be used as an alternative for
agroecological zoning and yield gap analysis at regional level where calibrated simulation models and complete
daily weather data sets are not available.

Keywords: Modeling efficiency, Simulation models, Summary models, Yield prediction
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Table 1- Chemical characteristics of soil (0-30cm) and water sources used in the experiment

Na* Ca™ Mg* K* S0, CO,? HCO4 cr EC
(meq.I™Y) ds.m?

Soil 31.10 10.60 10.20 0.75 31.30 0.00 1.80 26.80 5.80

Water source No. 1 32.50 6.60 9.20 0.23 15.00 0.40 2.40 34.40 5.20
Water source No. 2 67.10 16.40 22.20 0.38 25.00 0.00 3.00 75.60 10.50
Water source No. 3 179.80 27.00 46.80 0.31 56.10 0.00 3.20 172.40 23.10

= a9 85 Mgy oy 0 (Y Jgi) )5 riog il
Shaogs 1 6y 3 e o SRl oS A5 osnlie sitogid
e (98 A5 Jlos 1 g i gy (¥ Jgi2) <l (iul38)
SLaless 4 Cud (65568 5iwgid doyd YA 3905 YY/VAS. M
i Jlesl 3l Gy din et )3 .l V- /0dS. M O/
Grg=b G Jlos 4w )3 0 (6ol g oo 55
i §)3 i Jlosl ] ey 42 Cpnats 53 292 2 Ly
o 4 S YYNASM™ 5 V-/0 (slojlos ) Fiiwgd ials
Pl 55 5tiwgid e iy Juad sloiil 5 g 5 8/¥dS.m™
S 3l GBI L g el (g St il (i35 zolau
(¥ Jgie) 285 51,8 o

Frimog Gl oyt 6)9-8 G5 Jlos! Iy 4tdn g
2 Ab odnliie 3y 29 g slgjem iz sLoodeS ) i 4
Alon 55 o35 )90 1 «5y9d (5 Jles! I ey aiie ot
o on bl ord (oS0l jrinsd (fise w55 G5 ok
b3yzgp g 2w laody jiwgd Glise b Juad sledl ) g,
(¥ Js32) 352 Jlgjem 0365 J) G 203 ¥V 9 2l o2

o Jl 5y9=b S5 ORI jrgd (ol (e o e
(Ao > ¥+/0) 1535 oanlie 3y39, 0395 ;5 FY/VAS.M™ & B/Y
ol plas )3 jiwgs (gpSojlul aul 4 a5 b (¥ Jgaz)
e (2L 155 o pLodl ablbannsy LIS Sy (ol
A5 il LssS 5 9 i 8 ot jnie Yians! jitugt
loasl s plogl o sl el b Jolo 515 3 oSai gazs
sl 045 Jrwgid (Sdglie 5 (Saolg b

Do glate oLS Uiy )50 Jobo j0 5% g yuud Hlade
e by Juabd Slel 4 (pad a5 g lej asdS b S ygbay
Jbosl j ey i Loz (¥ Jgio) ol (Lis (il 9y (3555 4
YYNAS.M™ e ) 35 5 s (ialS ol sppd (A5
V+/0dS.M™ 5 8IY (sl jlas 4y G Ao y3 Yo 5 YO ol S
Jbosl 5l g atda (it 3 (505 9 ped (Rl Cud D9 108
I ey ain et )3 9 31 (LS (b (Bl ()98 A5
e e Ly (g9 slayloss plos 3 5598 5 Jlosl jLET

oloslyye Jol 5 ()98 (it gloyloss Jlosh 5l g Gy (o
i 9 Sladj) Calid (G 5 el g (6 Sojl]
wBbdnwgs WolS Sy iy 3 W9y 5 SEU ()8 Al
gy sl ael din Coin Gae 4y Siis O jgods g ]
LCAS Jas) jitogsd (& ySojlsl oz | Slao ol gyl
b 9 men b ool (LSSl g8 ADC S 5 el
o SloS 2 1T g og3lsS 3, 8Mae o (oo
OS1- Jao) OPTI jyioy)sld olSiws I oolitu! b dxdldewss MolS
oo o (155,01 98 Opti-Sciences, Inc. <y sl FL
Mintola Reading SPAD- ol b (* gl 346) by S oo
soled b (65031l H1SS ya 50 (oS diged aw 1502, Japan
hlS s )S plonl o Ve U cutin sl b g Sl
dalo (3,5 py Il gt ko e )b | Ol B pas
b @ Josg,lS (g, uSo05lasl ( SLidles, 5 als o (gliul o .0
Voo yolate opl gl (Dere et al., 1998) ui ploul ey,
5 1 ablan o Mol ly> Loy 5l o)l S p5 e
Ol b plosl aoyn A% bl 5l edlatnl b laaih &S,z el
) osliul Ly yiogls 555 5 O V- clagss Job o wis
Jenway UV-Visible Spectrophotometer ) jyioq:dg Sl
o ol yo cpl 3 yioed S (6,50 5l0] (Model 6305
10,5 e (Delta T) Sy pdaw (5,:50j100] o5wd lawgs S p

Sl o Jsb 55 45 lho o Wosls Jlos g 44350
Midle s sl eolaiwl b g loj 40 odds 05 sl S Cygody L1
o 5 LSD (ygmejl ey ds b 5:Sils duslie 5 Minitab 16
)5 Sygo 1D e

(o9 GRS gl e 453 (U byl 4o @l
Al e Seilasl plej g (6y0- 15 9 0395 9 ()9 ESen
el (69 i 9 (V o) cubld dgag ()l gime Cglis gz

1- SPAD



WAV ylio ) F 0 ylods I8 s (ol (8155 Sleind gy 49 pis VY P

EalS A e By 5 puBS (e SRR 5 ey (i 4
4 s V/0dSM™T e 55 455g, p5 SBBT pp)S aST 6
o ol ) 69 i b pie oaimyLis Ylass] o/vdSm™
uw.io.m)_» (e g l_m>9_':’ O ..\wb Lw9§ ol,.f ‘513:»43)‘9) »
225 S (050810 (e Hlai jle3g 5 ()9 i gslaw
(Y Jods) aits samliie (g)ld pxe OV 53,
iy 0393 53 &gy yj S S 08165 alsEl s
L )98 i Jlos! Iy astim oty 1 jlg50m 9 229
(¥ Jsdz) 390 4o)d VY g WY Y/ Cipay dtin pedd)ly
V10 A DIV 3 5yeb s e il 81 L e e
3150y ymj SBUI 5,8 auSlies Liall e YY) ST
aeS16d 38 i (¥ J5in) 391 2o ys 410 5 VYIY Y/
o= GBS sl 5 g Lodgs selad 3 4ijg) pj SEUI p)S
9= i Jlosl JLEl 5l Gy atin (preiiiin ) adlllas )00
Slgs oo d59y 5 SBUI oy SaunST g0 Clale Copie g pSeuis
O g Al (e sla s b alilis dl).g olS ply ‘_’,19"&4.3
15 S 3 Sl clale (nli el b i 3,5 &,
2 IS a8 i 1 e b olS ol Sl olyan &g,
Lad ey oy 4 & pdlee LS5 Dbl (g5tiwed 5 Sl sladsl)s

290 g Suogid Ol b Gtalof] Jobo 53 555 gy Slyees
3 35295 (oS B 9 p5 Sy Gloj il &S glis I L
(¥ Jgi) b8l 5L jaawgis

ot Jloel el 5l oy cabdS by 585 g e tlS
Cdlag lgges 5 029 (sloodg Sl piey Nz 0395 53 (6)9d
Jlosh il g o 4in )3 LS 0395 Ay (5a5 9 e LS
b clagl b otnlS 39 ol 1 5l g g 0181 lisT (695 25
AL daldl ;oMo sl (oo b 25

9 V) c A losee 9 02 (Sodg 4 s Wiy 0395
Ll S (¥ o) ety (optda 355 9 o 203 V0
4 3 5 ol (o Slgie (e S QLS )0 S pezs
el g olS (B O plie Cu e Cua aaijy) (45 Al
SialS Conge ol G pan yialS cas bdijy, o pie cul O
23,5 (o0 Jrhawgid Colod )3 9 (35 9 S

FYNASM™ 4y O/Y ) 6y i o i3l L
2 el ol 8l pleo o s Glise 4 i) 205 ST S aSTio
aS sl gals pl o o WAV lade 4 V-/0dSM™ )08 i
Joia) L3bioe (6r9d a3 Badijgy (b ety 023 LS
09 At 9 5k Oliee & 49y 2 SIUT Sl Gljee ¥
5 LSS GRS o yme pd okS a5 lej )y K Sy e,
plasl o 51 53 sg2 90 Ol oo psliatons 0,5 o0 )15 (659

9 iy IS (o (gm0 ((gaij, Curlad ey 15 SEUT (0 S amunS 183 (385 9y jhimwgid (Jloin] gehanw) yuiily lg 4225 - Jgo

Sa9m0 oT Jlas! 093 (b 50 LuisS 0395 dws 9 (59w e Tobw yd O B pao 5
Table 2- Analysis of variance (P value) of photosynthesis, evapotranspiration, sub-stomatal CO, concentration, stomatal
conductance, relative chlorophyll content and water use efficiency in different levels of salinity and three Kochia masses

. >, . . oS dmS1ed Colaa o (Slgime =Y
xS &0 ; Frwghd Gy% g puod . . . i
L] w9y 52 S3U! &'459, Judg IS ol S pan
Sub-stomatal Relative
. Evapotrans Stomatal Water use
SYOAY) df Photosynthesis piration Co, conductance chlorophyll efficiency
concentration content
Replication |, 2 0.005 0.319 0.234 0.017 0.019 0.001
Salinity 5,98 2 0.002™ 0.001™ 0.009" 0.001** 0.372" 0.777"™
Error a s 4
Mass o3y 2 0.312™ 0.206"™ 0.892™ 0.192™ 0.421"™ 0.939™
MassxSalinity esgx ¢ ,ss 4 0.036" 0.032" 0.033" 0.044 0.055™ 0.925™
> b
Time b; 6 0.001™ 0.001™ 0.001" 0.001™ 0.001™ 0.001™
TimexSalinity lojx c,ss 12 0.037 0.013" 0.045" 0.043" 0.001** 0.045"
TimexMass )l jxosss 12 0.037" 0.028" 0.018" 0.967™ 0.039" 0.026"
R 24 0.037 0.034 0.037 0.919™ 0.026 1.000™
TimexMassxSalinity
Error s 120

oy iy Jlainl pdaws )0 510 dze pf g Moy S g gy Jlein] e 3 3 gime cad A NS g s
* and ** significant at levels of 5% and 1% and ns: not significant at level of 5%
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Table 3- Means of photosynthesis, evapotranspiration, sub-stomatal CO, concentration, stomatal conductance, relative
chlorophyll content and water use efficiency in different levels of salinity and three Kochia masses

|
s - .. U")s KWW Colaa LS}“-"T‘ J)m u.ﬂ)ls
Bt o G 9y .. . B .. T ;
w95 52 S3U! &40, . <!
Jido 5
Photosynthes  Evapotranspi Sub-stomatal Stomatal Relative Water use
; . Co, chlorophyll .
is ration . conductance efficiency
concentration content
. -1 21 2.1 21 (umol CO,
&9 (Salinity) dSm (umol.m™@s™)  (mmol.m™s™) (ppm) (mol.m™s™) mmol H,0)
5.2 12.24? 4.06° 309% 0.538% 29.57° 3,93
105 10.78% 3.32° 297° 0.414° 28.44° 4,07
23.1 9.07° 2.87° 3122 0.334° 29.41° 3.93°
o3¢ (Mass)
R Birjand 11.48° 3.70° 305° 0.472% 28.87° 3.94°
Sy Borujerd 10.32 3.34° 305° 0.413° 29.43? 3.97°
Sl s Sabzevar 10.28° 3.21° 307° 0.402? 29.12° 4.02°
&9 X395 (SalinityxMass)
ol 12.16% 3.85%® 3107 0.569° 28.88° 3.97°
Birjand
5.2dSm’* Sakes 12.77° 4.38° 309 0.563? 30.06° 3.87°
Borujerd
g 11.78% 3.97® 308° 0.483® 29.79 3.95%
Sabzevar
ol 11.20% 3.83% 290° 0.437%® 27.23° 3.918
Birjand
10.5dSm™ Sakes 10.59% 3.17%® 292° 0.392%® 29.14° 4.22°
Borujerd
Jlosem 10.55%® 2.95% 308° 0.413%® 28.95° 4.08%
Sabzevar
ol 11.08% 3.43% 3147 0.409%® 30.522 3.95%
Birjand
23.1dSm™ ekt 7.60° 2.45° 315° 0.284° 29.08? 3.82°
Borujerd
Jlosee 8.52% 2.72° 306° 0.310° 28.64° 4.03
Sabzevar

35,15 LSD 0]l olsl 2 5036 b ()l stme BB +/+0 pans 3 Sliso | S5 o (sl gies y2 3 g Jale )3 wlite g (sl (sl nSikee
Means with the same letters in each factor and column for each treat are not significantly different at 5% probability level based on

LSD test.
el ghals (gyed i ol )il L sl ol i Salehi et al., ) cwl (gys i 4y Joodio alS LissS
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Table 4- Means of photosynthesis, evapotranspiration, sub-stomatal CO, concentration, stomatal conductance, relative
chlorophyll content and water use efficiency in different levels of salinity and three Kochia masses during salinity stress

period.
3 VT ° ST g 5 gla
:::.,Jw‘ prP By% g i ::i f) 5.?0! Slajey colan WL?;M Gl dpas )8
Weeks
stzfrtt?;g Photosynthesis Evapotranspiration SUbSé(())Tatal Stomatal cthgll'?)tp:\l/willl Wa_te_r use
salinity concentration conductance content efficiency
stress
0395 (Mass) (umol.ms) (mmol.m?s?) (ppm) (mol.m?s™) nglrﬂzfll—ifgi)

5 17.8° 6.67% 28531 0.581° 37.28 2.67
6 14.8%°¢ 7.447 2641 0.576° 34.1%4 1.99"

- 7 14.7%¢ 4.26%¢ 282" 0.510° 31.9°f 3.45%"
T 8 10.7%¢ 1.90% 319°%¢ 0.480° 29.3%9 5.63%¢
Birjand 9 g.7"d 1.55% 324%® 0.455? 25.6%7 5.61%¢
10 7.30%¢ 2.65%" 335° 0.465° 23.5™ 2.75M

11 6.40% 1.44% 326% 0.237° 20.5! 4.44%"

5 13.2%1 4.99%¢ 29231 0.465° 37.9% 2.659T
6 14.7%¢ 7.58° 269% 0.606° 34.7%¢ 1.94"

, 7 11.7%¢ 3.84°" 290%¢ 0.394? 32.40¢ 3.054"
9 8 10.5%¢ 1.79% 319°%¢ 0.399° 29.4%9 5.87%P
Borujerd 9 7.80%¢ 1.31¢ 313%¢ 0.379° 27.8% 5.95%¢
10 7.90%¢ 2.50%" 330% 0.409° 2291 3.16%"

11 6.40% 1.34° 325% 0.237° 20.8! 4.78*°
5 15.7% 5.77% 286%¢ 0.556° 37.1® 2.72™
6 13.6%¢ 6.40% 296%¢ 0.500° 35.4% 2.13"

s 7 12.5%¢ 4.15%¢ 2844 0.439° 32.9%¢ 3.01%"
29 8 10.2%¢ 1.58% 314%¢ 0.348° 28.5%" 6.46°
Sabzevar 9 7.80%¢ 1.49% 328%® 0.465° 27.6" 5.23%d
10 7.20%¢ 1.86%" 318°°¢ 0.308° 23.31 3.87""

11 4.90° 1.22f 326% 0.197° 19.4) 4,02%9

&9 (Salinity)

5 17.28 6.49% 287%¢ 0.606%°¢ 36.3%¢ 2.65"
6 1752 9.28° 288%¢ 0.702? 33.9%¢ 1.89¢

7 14.7%¢ 462" 289%¢ 0.556%°¢ 32.2¢" 3.18%9

5.2dSm* 8 10.0%¢ 1.85™" 314%°¢ 0.429%¢ 29.6%9 5.41%
9 10.0%¢ 1.85™" 331%® 0.641% 271" 5.41%

10 10.2%¢ 2.82¢h 325%¢ 0.566%¢ 25.09" 3.62%¢

11 6.30>¢ 1.559" 331% 0.268 23.0M 4,067

5 17.1° 6.08™ 281" 0.576%¢ 36.8% 2.81%9
6 15.1% 6.52% 239¢ 0.601%°¢ 34.9%4 2.329

7 12.6%¢ 43179 292%°¢ 0.470%¢ 32.9%¢ 2.92%9
10.5 dSm™ 8 10.7%¢ 1.64%" 315%°¢ 0.364%°¢ 29.6%9 6.52°
9 7.50"¢ 1.29" 307%° 0.333%¢ 25.39" 5.81%¢

10 6.40"° 2.10°" 322%¢ 0.354*¢ 2147 3.05°°9

11 6.00% 1.28" 320%¢ 0.202° 18.2) 4.69%¢
5 12.3%1 4.87°° 295%°¢ 0.419%¢ 39.1° 2.53"
6 10.5%¢ 5.62>¢ 303%¢ 0.379%¢ 35.2% 1.87¢

7 11.7%¢ 3.32¢h 275%¢ 0.318%¢ 32.2¢¢ 3.52¢9
23.1dSm* 8 10.8*¢ 1.79" 322%°¢ 0.424%¢ 28.1%" 6.03%
9 6.80%¢ 1.21" 326°°¢ 0.323%¢ 28.5%9 5.62%¢

10 6.00% 2.09°" 336° 0.263™ 23.3" 2.87°¢

11 5.40¢ 117" 326a° 0.202° 18.9) 4.62%°¢

L)l LSD (905 ol 10350 b (gyld ime IS +/+0 xans 5> il 1 S5 s (gl ygien 52 53 g Jole o 55 aliie g > el (cla pSSlio
Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Table 5- Analysis of variance (P value) of chlorophyll fluorescence indices in different levels of salinity and three Kochia

PRT @ . . ; " . ; .. . : framnsant 58 0953195 3 Slos
i galio ey QoS (il gl Sl il y9l8 e il ol . ‘;:’I’H d
J
SOV df Minimum Maximum Variable Quantum yield of
T fluorescence fluorescence fluorescence photosystem 11
Replication ,|,$s 2 0.914 0.696 0.665 0.654
Salinity  (¢)s5 2 0.415™ 0.376™ 0.311"™ 0.150™
Error a ks 4
Mass oy 2 0.066™ 0.271™ 0.450"™ 0.509™
8dgiX W
4 d)?w. 4 0.758™ 0.755™ 0.603"™ 0.532™
MassxSalinity
Time b; 6 0.001™ 0.001™ 0.001™ 0.001™
‘La'X & . . .
(OETE 12 0.841™ 0.047 0.043 0.045
TimexSalinity
TimexMass .l jxosss 12 0.821"™ 0.049" 0.034" 0.039"
Lo X033
| ORTEITENT 24 0.125™ 0.260™ 0.135™ 0.127™
TimexMassxSalinity
Error s 120

oy gy Jlanl pdaws )0 50 ze g Mo )d S g gy Jlein] e 3 I3 gime cad Ay NS g s
* and ** significant at levels of 5% and 1% and ns: not significant at levels of 5%
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Table 6- Means of chlorophyll fluorescence indices in different levels of salinity and three Kochia masses

. . . . . . .. . R (o) g 231gS 3 ySos
WooS' yuilw y5ld Wbt (udlw 55l o (il y ol # "TI’“ 4
Minimum Maximum Variable Quantum yield of
fluorescence fluorescence fluorescence photosystem |1
)95 (Salinity) dSm™
5.2 1792 3178 1382 0.410°
10.5 170? 3042 134° 0.408%
23.1 1752 2962 1212 0.374%
o3¢ (Mass)
i Birjand 1722 310% 138° 0.409?
Sygp Borujerd 1842 3152 132¢ 0.385°
g 3 Sabzevar 1692 2928 1232 0.398?
&9 xo3g5 (SalinityxMass)
»’w 1732 3122 1382 0.414%
Birjand
5.2dSm’? 2R 191° 322 131° 0.377°
Borujerd
g 1722 318% 1462 0.4322
Sabzevar
e 163 308° 145° 0.434%
Birjand
10.5dSm™* 2R 179° 315° 136° 0.392°
Borujerd
o 1682 290% 1222 0.404%
Sabzevar
»’“ 1792 3112 1312 0.379%
Birjand
23.1dSm’* 2R 180° 309° 129° 0.385°
Borujerd
g 1662 269? 1032 0.357%
Sabzevar

L)l LSD (905 ol 3 10380 b (gyld ime IS +/+0) rans 5> il 1 S5 5o (sl ygie 52 13 g Jole o 5 aliie g > (ol (clapSSleo

Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Table 7- Means of chlorophyll fluorescence indices in different levels of salinity and three Kochia masses during salinity
stress period

Los! 31 gy B 5168
J ;‘f oS il jold Al il jgld  pukio (il jold G:I’U 95 )%:
wgeks aft'er. Minimum Maximum Variable Quantum yield of
starting salinity fl
stress uorescence fluorescence fluorescence photosystem I1
03¢5 (Mass)
5 206° 273%¢ 67¢ 0.240%
6 1572 266" 1097 0.383%¢
7 1687 339a° 1727 0.469%®
Ay 8 1872 354%¢ 167%¢ 0.449®
Birjand 9 150 247° 98% 0.352%¢
10 146° 274%¢ 1287 0.444%¢
11 1917 4172 226° 0.532?
5 1997 264 65¢ 0.239¢
6 168° 271%¢ 103 0.342%¢
, 7 185° 331%¢ 146%¢ 0.424%¢
ke 8 2012 372%¢ 171%¢ 0.449%¢
Borujerd 9 165° 255¢ 00« 0,322
10 178° 308°°¢ 1307 0.396%¢
11 188° 407% 219%® 0.522%
5 189° 246° 57¢ 0.2341
6 160° 260b° 100« 0.364%¢
L 7 159° 305°¢ 14671 0.458%®
rome 8 175° 320%°¢ 144%¢ 0.439%¢
Sabzevar 9 153° 250c g7°d 0.371%¢
10 1772 297a-c 121%¢ 0.393%¢
11 1707 367a-c 1972°¢ 0.528%
94 (Salinity)
5 2067 28971 83%® 0.290%
6 1617 28471 123%¢ 0.398%°¢
7 173? 3557 182%°¢ 0.479%¢
5.2 8 178 344%¢ 166%¢ 0.477%¢
dsm? 9 165° 250% 85¢¢ 0.322"¢
10 179° 2972 117%¢ 0.386%°
11 190° 401% 211% 0.504%
5 192° 2407 48° 0.203°
6 163° 2627 99> 0.344%¢
7 175° 320%¢ 145%¢ 0.445%¢
dlso"rfl 8 1772 344%¢ 167%¢ 0.458%¢
m 9 153° 276%4 123%¢ 0.427%¢
10 1587 3042 146%¢ 0.455%¢
11 173° 384a-c 211%® 0.540°
5 196° 254" 58% 0.220%
6 1617 251¢ 90%® 0.346%¢
931 7 1642 300%¢ 136%¢ 0.427%¢
dor 8 208° 3572 150%¢ 0.402%°¢
9 149 226¢ 77%¢ 0.2095"¢
10 1647 2807 115%¢ 0.388%¢
11 186° 407° 221° 0.538°

.AS)IAS LSD 054)’-‘ uuL»I » )i)JS\) L d)bu'u.o )L RYRYA él“"' 2 Slawo )'l S b Lgl)g OFw B 30 g J,olr— PN Glie g_ég)> ‘_;U) du‘)jat.o
Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Chlorophyll Chlorophyll - Chlorophyll &/ Total Green
a b Carotenoids Chlorophyll b pigment area
)94 (Salinity) dSm™ (mg.gdw?) (mg.gdw?)  (mg.gdw™) (mg.gdw™)  (m’.plant™)
5.2 1.742 1.25% 1.61% 1.40° 4592 9.932
10.5 1.56° 1.10° 1.45° 1.42% 4.112 8.64%
23.1 1.68° 1.19° 1.53% 1.42% 4.402 7.38°
o3 (Mass)
Ly Birjand 1.48° 0.95% 1.39% 1.57¢ 3.822 9.172
Sy Borujerd 1.82% 1.45% 1.718 1.25% 4.98% 8.392
g Sabzevar 1.68% 1.13% 1.49% 1.48° 4.30° 8.39°
&9 X395 (SalinityxMass)
G 1.27° 0.59° 1.20° 2.13? 3.07° 9.92°
Birjand
5.2dSm’* 2R 1.99° 1.712 1.81° 1.17° 5.51° 10.28°
Borujerd
g 1.96% 1.44% 1.80% 1.36% 5.20% 9.60%
Sabzevar
G 1.50° 0.79° 1.32° 1.89° 3.61% 8.80°
Birjand
105dsm?  7o» 1.59° 1.33° 1.62° 1.19° 4.54° 8.55°
Borujerd
o 1.58% 1.16% 1.43% 1.36° 4.17% 8.56%
Sabzevar
»’w 1.68% 1.45% 1.64% 1.15% 4772 8.79%
Birjand
23.1dSm* 2R 1.87° 1.31° 1.71° 1.43° 4.89% 6.34°
Borujerd
I .
I3 1.49% 0.80% 1.23% 1.87% 3.522 7.00?
Sabzevar

L)l LSD (905l bl 3 1030 b (gyld ime MBS +/+0) rans 5> il 1 S5 5o (gl ygie 52 j3 g Jole oy alie g > gyl (cla pSSlie
Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.

aw (Rl Bl Lol (Uis 0355 5 ()98 gohaw piiSen s (A Jo2)
35 5 OIVASIT™ Jloss 5 <8l ialS o o oljee 595 G5
g (pyieS 229y 0395 5 YNASMT Jlas g (i 329

QO I yads i osd Ll il cov LS jw pdaw
Jois) el Jials 0o yd Y8 o VY sy YY/NASMT g Y- /0

s odaliio Shg cpl S 5l (g e M odgs o (A



YOO . luisgS (g powgsd olKiws p (5 ygu w;ﬁb

O S il 4y s LdeS ol ) 1 gt Jouiliy
SLaaihss) pliee rimen 2,5 Iy (3L Sl )9
2l (A jpbay 8K 8 (69 5 pil cov (gjagd
Sy lus (§y90 Nod AT 2929 L & Cenl ) I S
Olgmsan Sl o 5 0351 365 (b sloan])d plosl 4y 005 LS

bl blod s M3 ol oS sis pa (A Jgds) 5390 1yl 1 5ems
G WA S e 69y 098 A5 Sl (oyp 2985l dne
Sy o ialS s ()5 a5 ol )l (Oryza sativa) go

(Al et al., 2004) 15 Jsho ppds Lol s 4

2,5 518 eolatwl 5y50 (S Mol Cllllas (3 Jas olS S S Ao

LS A g jiiwsd ol a5 ol L adlles ol gl

References

1.

Akram, N. A., and Ashraf, M. 2011. Improvement in growth, chlorophyll pigments and photosynthetic
performance in salt-stressed plants of sunflower (Helianthus annuus L.) by foliar application of 5-aminolevulinic
acid. Agrochimica 55: 94-104.

2. Ali, Y., Aslam, Z., Ashraf, M. Y., and Tahir, G. R. 2004. Effect of salinity on chlorophyll concentration, leaf area,
yield and yield components of rice genotypes grown under saline environment. International Journal of
Environmental Science & Technology 1 (3): 221-225.

3. Allakhverdiev, S. I., Nishiyama, Y., Miyairi, S., Yamamoto, H., Inagaki, N. Kanesaki, Y. and Murata, N. 2002.
Salt stress inhibits the repair of photo damaged photosystem Il by suppressing the transcription and translation of
psbA genes in Synechocystis. Plant Physiology 130: 1443-1453.

4. Apostolova, E. L., Dobrikova, A. G., lvanova P. I., Petkanchin, I. B., and Taneva, S. G. 2006. Relationship
between the organization of the PSII super complex and the functions of the photosynthetic apparatus. Journal of
Photochemistry and Photobiology B. 83: 114-122.

5. Asada, K. 2006. Production and scavenging of reactive oxygen species in chloroplasts and their functions. Plant
Physiology 141: 391-396.

6. Ashraf, M., and Harris, P. J. C. 2013. Photosynthesis under stressful environments: An overview. Photosynthetica
51: 163-190.

7. Bray, E. A, Bailey-Serres, J., and Weretilnyk, E. 2000. Responses to abiotic stress. In: Buchanan, B., Gruissem,
W. and Jones, R. (Eds.), Biochemistry and Molecular Biology of Plants. American Society of Plant Physiology,
Rockville.1158-1203.

8. Centritto, M., Loreto, F., and Chartzoulakis, K. 2003. The use of low [CO;] to estimate diffusional and non-
diffusional limitations of photosynthetic capacity of salt-stressed olive saplings. Plant, Cell and Environment 26:
585-594.

9. Chaves, M. M., Flexas, J., and Pinheiro, C. 2009. Photosynthesis under drought and salt stress: regulation
mechanisms from whole plant to cell. Annals of Botany 103: 551-560.

10. Dere, S., Gines, T., and Sivaci, R. 1998. Spectrophotometric determination of chlorophyll a, b and total carotenoid
contents of some algae species using different solvents. Turkish Journal of Botany 22: 13-17.

11. Dulai S., Molnar 1., Halé B., and Molnar-Lang. M. 2010. Photosynthesis in the 7H Asakaze Komugi/Manas
wheat/barley addition line during salt stress. Acta Agronomica Hungarica 58: 367-376.

12. Dulai, S., Molnar, 1., and Molnar-Lang, M. 2011. Changes of photosynthetic parameters in wheat/barley
introgression lines during salt stress. Acta Biologica Szegediensis 55: 73-75.

13. Dulai, S., Molnar, 1., Szopko, D., Darkd, E., Vojtko, A., Sass-Gyarmati, A., and Molnar-Lang, M. 2014. Wheat-
Aegilops biuncialis amphiploids have efficient photosynthesis and biomass production during osmotic stress.
Journal of Plant Physiology 171: 509-517.

14. Eckardt, N. A. 2009. A new chlorophyll degradation pathway. Plant and Cell 21: 700.

15. Ewing, K., and Dobrowolski, J. P. 1992. Dynamics of shrub die-off salt desert plant community. Journal of Range
Management 45: 194-199.

16. Erickson, E., Wakao, S., and Niyogi, K. K. 2015. Light stress and photoprotection in Chlamydomonas reinhardtii.
Plant Journal 82: 449-465.

17. Everard, J. D., Gucci, R., Kann, S. C. Flore, J. A., and Loescher, W. H. 1994. Gas exchange and carbon
partitioning in the leaves of celery (Apium graveolens L.) at various levels of root zone salinity. Plant Physiology
106: 281-292.

18. Flexas, J., Bota, J., Loreto, F., Cornic, G., and Sharkey, T. D. 2004. Diffusive and metabolic limitations to
photosynthesis under drought and salinity in Csplants. Plant Biology 6: 269-279.

19. Golding, A. J., and Johnson, G. N. 2003. Down-regulation of linear and activation of cyclic electron transport
during drought. Planta 218: 107-114.

20.

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Somasundaram, R., and Panneerselvam, R. 2009. Drought


http://www.akademiai.com/author/Moln%C3%A1r-L%C3%A1ng%2C+M
http://www.sciencedirect.com/science/article/pii/S0176161713004641
http://www.sciencedirect.com/science/article/pii/S0176161713004641
http://www.sciencedirect.com/science/article/pii/S0176161713004641
http://www.sciencedirect.com/science/article/pii/S0176161713004641

WAV ylio ) F 0 ylod I8 s (ol ol (8155 Slecind gy 49 pis  VOF

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42,

43.

44,

45,

stress in plants: a review on morphological characteristics and pigments composition. International Journal of
Agriculture and Biology 11: 100-105.

Jami Al Ahmadi, M., and Kafi M. 2008. Kochia (Kochia scoparia): To be or not to be? In: Kafi, M., and Khan, M.
A. (Eds.), Crop and forage production using saline waters. Daya Publisher, New Delhi.

Kafi, M., Asadi, H., and Ganjeali, A. 2010. Possible utilization of high salinity waters and application of low
amounts of water for production of the halophyte Kochia scoparia as alternative fodder in saline agroecosystems.
Agriculture and Water Management 97; 139-147.

Kalaji, H. M., Govindjee, Bosa, K., Koscielniak, J., and Zuk-Golaszewska, K. 2011. Effects of salt stress on
photosystem 11 efficiency and CO, assimilation of two Syrian barley landraces. Environmental and Experimental
Botany 73: 64-72.

Leisner, C. P., Cousins, A. B., Offermann, S., Okita, T. W., and Edwards, G. E. 2010. The effects of salinity on
photosynthesis and growth of the single-cell C, species Bienertia sinuspersici (Chenopodiaceae). Photosynthesis
Research 106: 201-214.

Lu, K. X., Yang, Y., He, Y., and Jiang, D. A. 2008. Induction of cyclic electron flow around photosystem | and
state transition are correlated with salt tolerance in soybean. Photosynthetica 46: 10-16.

Medici, L. O., Azevedo, R. A., Canellas, L. P., Machado, A. T., and Pimentel, C. 2007. Stomatal conductance of
maize under water and nitrogen deficits. Pesquisa Agropecuéria Brasileira 42: 599-601.

Mittal, S., Kumari, N., and Sharma, V. 2012. Differential response of salt stress on Brassica juncea:
Photosynthetic performance, pigment, proline, D; and antioxidant enzymes. Plant Physiology and Biochemistry
54: 17-26.

Munns, R., and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology 59: 651-68.
Munns, R., James, R. A., and Lauchli, A. 2006. Approaches to increasing the salt tolerance of wheat and other
cereals. Journal of Experimental Botany 57: 1025-1043.

Nayyar, H., and Gupta, D. 2006. Differential sensitivity of Csand Cyplants to water deficit stress: association with
oxidative stress and antioxidants. Environmental and Experimental Botany 58: 106-113.

Nippert, J. B., Fay, P. A., and Knapp, A. K. 2007. Photosynthetic traits in C; and C, grassland species in
mesocosm and field environments. Environmental and Experimental Botany 60: 412-420.

Omoto, E., Taniguchi, M., and Miyake, H. 2010. Effects of salinity stress on the structure of bundle sheath and
mesophyll chloroplasts in NAD-malic enzyme and PCK type C, plants. Plant Production Science 13: 169-176.
Perveen, S., Shahbaz, M., and Ashraf, M. 2010. Regulation in gas exchange and quantum yield of photosystem II
(PSI) in salt stressed and non-stressed wheat plants raised from seed treated with triacontanol. Pakistan Journal of
Botany 42: 3073-3081.

Qiu, N., Lu, Q., and Lu, C. 2003. Photosynthesis, photosystem Il efficiency and the xanthophyll cycle in the salt-
adapted halophyte Atriplex centralasiatica. New Phytologist 159: 479-486.

Rahnama, A., Poustini, K., Tavakkol-Afshari, R., and Tavakoli, A. 2010. Growth and stomatal responses of bread
wheat genotypes in tolerance to salt stress. World Academy of Science Engineering and Technology 71: 14-19.
Sage, F. R. 2002. Variation in the kcat of Rubisco in C;and C, plants and some implications for photosynthetic
performance at high and low temperature. Journal of Experimental Botany 53: 609-620.

Salehi, M., Kafi, M., and Kiani, A. 2009. Growth analysis of Kochia (Kochia scoparia (L.) schrad) irrigated with
saline water in summer cropping. Pakistan Journal of Botany 41: 1861-1870.

Saravanavel, R., Ranganathan, R., and Anantharaman, P. 2011. Effect of sodium chloride on photosynthetic
pigments and photosynthetic characteristics of Avicennia officinalis seedlings. Recent Research in Science and
Technology 3: 177-180.

Seckin, B., Turkan, I., Sekmen, A. H., and Ozfidan, C. 2010. The role of antioxidant defense systems at
differential salt tolerance of Hordeummarinum Huds. (sea barleygrass) and Hordeum vulgare L. (cultivated
barley). Environmental and Experimental Botany 69: 76-85.

Sudhir, P., Pogoryelov, D., Kovécs, L., Garab, G., and Murthy, S. D. S. 2005. The effects of salt stress on
photosynthetic electron transport and thylakoid membrane proteins in the cyanobacterium Spirulina platensis.
Journal of Biochemistry and Molecular Biology 38: 481-485.

Taiz, L., and Zeiger, E. 2010. Plant Physiology. 5™ Ed. Sinauer Associates, Sunderland.

Terashima, 1., Fujita, T., Inoue, T., Chow, W. S., Oguchi, R. 2009. Green light drives leaf photosynthesis more
efficiently than red light in strong white light: revisiting the enigmatic question of why leaves are green. Plant and
Cell Physiology 50: 684-697.

Tester, M., and Davenport, R. J. 2003. Na*tolerance and Na"transport in higher plants. Annals of Botany 91: 503-
527.

Voznesenskaya, E. V., Franceschi, V. R., Kiirats, O., Artyusheva, E. G., Freitag, H., and Edwards, G. E. 2002.
Proof of C,photosynthesis without Kranz anatomy in Bienertia cycloptera (Chenopodiaceae). Plant Journal 31:
649-662.

Winicov, I., and Seemann, J. R. 1990. Expression of genes for photosynthesis and the relationship to salt tolerance



YOV L lisgS (g powgsd olKws 3 (5 g u“*’)-'sb

of alfalfa (Medicago sativa) cells. Plant and Cell Physiology 31: 1155-1161.

46. Yamamoto, Y., Kai, S., Ohnishi, A., Tsumura, N., Ishikawa, T., Hori, H., Morita, N., and Ishikawa, Y. 2014.
Quality control of PSII: behavior of PSII in the highly crowded grana thylakoid under excessive light. Plant and
Cell Physiology 55: 1206-1215.

47. Zhang, G., and Deng, C. 2012. Gas exchange and chlorophyll fluorescence of salinity-alkalinity stressed
Phragmites australis seedlings. Journal of Food, Agriculture & Environment 10: 880-884.


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

Iranian Journal of Field Crops Research Olnl =) b sy 41 i
Vol. 16, No. 4, Winter. 2019, p. 743-759 ,;_g‘_jg;},;éi;, YEY-VOA .o AYAY Lo F oylos 15 b

Photosynthetic Characteristics of Kochia as Affected by Salinity Stress

. Nabati*"- M. Kafi*- E. Boroumand Rezazadeh®- A. Masoumi*- M. Zare Mehrjerdi
J. Nabati'"™- M. Kafi*- E. B d Rezazadeh®- A. M ‘- M. Zare Mehrjerdi®
Received: 23-02-2017
Accepted: 10-06-2018

Introduction

Low precipitation, high temperature and high evaporation along with excessive consumption of water sources
have led to reduced quantity and quality of water sources (e.g. water salinization) in arid and semi-arid regions
which ultimately affect crop growth. Environmental stresses such as salinity, cause alterations in a wide range of
physiological, biochemical, and molecular processes in plants. So, identification of plants which are less affected
by salinity could be of great importance in breeding programs. Kochia (Bassia scoparia) is such a crop which its
high tolerance to salinity has been reported in previous studies. Since photosynthesis is the most fundamental
and intricate physiological process in all green plants determining plant yield under salinity stress, the aim of this
study was evaluation of the effects of salinity on photosynthetic characteristics of kochia.

Materials and Methods

In order to study photosynthetic characteristics of kochia under salinity conditions, an experiment was
conducted as split-plot based on randomized complete block design with three replications. Three masses of
kochia including Birjand, Borujerd and Sabzevar were considered in main plots and three levels of salinity (5.2,
10.5 and 23.1 dS.m™) as sub-plots. Photosynthesis, evapotranspiration, stomatal conductance, Sub-stomatal CO,
concentration and quantum yield of PSII were measured in the youngest fully expanded leaf for seven weeks
started from thirty days after imposing stress. Chlorophyll a, b and carotenoids and green area were measured at
anthesis. Data were analyzed using Minitab 16 and means were compared by LSD test at a significance level of
0.05.

Results and Discussion

Results indicated that photosynthesis and evapotranspiration was decreased over the time after salinity
imposed. Photosynthesis and evapotranspiration in different masses and salinity levels was almost the same in
the 8" week after imposing salinity stress. At the end of the growth season, photosynthesis and
evapotranspiration indicated too much decrease in all salinity levels and reached to a same level. In the 4" week
after salinity was imposed, the highest photosynthesis was observed in Birjand, Sabzevar and Borujerd,
respectively. Reduction intensity of evapotranspiration in time was more in Birjand compared to Borujerd and
Sabzevar masses. CO, sub-stomatal CO, showed a pronounced increase in all masses and a salinity levels in the
8" weeks after salinity imposed. Results of chlorophyll fluorescence indices in the salinity imposing period
indicated an improvement of these indices and finally the increase in quantum yield of photosystem Il. Stomatal
conductance showed a decreasing trend during time and reached to the lowest level in the 11™ week after
imposing stress. The lowest mean of this parameter was belong to Sabzevar mass. Stomatal conductance did not
vary much till ten™ week after imposing salinity while it got a steep slope decreasing trend in the other two
salinity levels in week seven. Decreasing trend of stomatal conductance was stronger in treatments of 10.5 and
23.1 dS.m™ compared to 5.2dS.m™. Leaf content of chlorophyll a, b, carotenoids and total pigments at anthesis
were not affected by kochia masses and salinity levels. Interaction of salinity and mass indicated a lower green
area in higher salinity levels. The highest and lowest green area was observed in Borujerd mass in salinity levels
of 5.2 and 23.1 dS.m™, respectively.

Conclusions
Results of this experiment indicated that photosynthesis and quantum yield of PSII in kochia did not vary
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much as salinity intensity increased. Also, content of photosynthesis pigments was not affected by salinity stress.
Generally, it could be concluded that photosynthesis system of kochia is capable to maintain its normal processes
although being imposed to sever salinity stress and though could be used as a model crop in plant breeding

programs.

Keywords: Evapotranspiration, Quantum yield of photosystem |1
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Table 1- Physical and chemical characteristics of experimental field soil (soil depth 0-30 cm)
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Soil texture EC (dS m?) OM (%) P (mg kg?) K (mg kg?) Total N (%)
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Table 2- Analysis of variance (mean of squares) of the effect of different intercropping ratios and deficit irrigation levels
on chlorophyll of soybean and common millet
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prvesp I ey . Qo sl . o
SOV d"‘)' J@?}s §I§nt 2 J@S}‘ls Ly 8‘9"),
df Chlorophyll height Chlorophyll  Plant height
Sok 2 0.209"™ 21.054™ 1.111"™ 20.09™
Block
ke 2 2.733" 1613.25™ 5.192" 2061.95™
Deficit irrigation
kel sl 4 0.124 5.11 0.267 48.99
Error a
bl o5 clacnd 3 0.074" 154.79" 0.307" 0.33™
Intercropping ratios
| b et glaced s )bleS 6 0.002" 11.56" 0.009™ 1.08™
Deficit irrigation x Intercropping ratios
=P sl 18 0.022 2.99 0.023 21.05
Error b
(02) Syt 2 - 6.63 12.75 5.04 7.45

CV (%)
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“and ™" Significant at 5 and 1% probability levels, respectively. ns: not significant
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Table 3- The effect of different intercropping ratios on photosynthetic pigments concentration of soybean and common
millet in different levels of deficit irrigation

i Soybean U gw Common millet Jaoze 43,/
Treatments
Sokeles Judy IS5 cdals Judg IS5 cdals 0l dg U5
Deficit irrigation* Chlorophyll (mg g%) Chlorophyll (mg g%) Plant height of millet (cm)
60 2.747° 3.623° 84.33%
90 2.240° 3.094° 72.22°
120 1.793° 2.316" 58.14°
LSD (0.05) 0.400 0.585 7.93
bglso cuiS (lacuns
Intercropping ratios
100S:0M 2.123° - -
67S:33M 2.309% 3.169° 68.87¢
50S:50M 2.305% 3.176% 70.65°
33S:67M 2.302% 2.877° 71.44°
0S:100M - 2.827° 69.38°
LSD (0.05) 0.148 0.150 4.54
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In each column, means followed by the same letters are not significantly different according to Least Significant Difference (LSD)
test (P<0.05)

“ MM evaporation from pan class A
" 100S:0M; 67S:33M; 50S:50M; 33S:67M; 0S:100M
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Figure 1- The effect of different intercropping ratios on plant height of soybean in different levels of deficit
irrigation (LSDO0.05:2.97)
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Table 4- Analysis of variance (mean squares) of the effect of different intercropping ratios and deficit irrigation on
grain yield and yield components of common millet
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*and **: Significant at 5 and 1% probability levels, respectively. ns: not significant
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Figure 2- The effect of deficit irrigation on 1000- seeds weight of common millet (LSDgs: 1.36)
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Table 5- The effect of different intercropping ratios on grain yield and yield components of common millet in different levels
of deficit irrigation
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120 33S:67M 237" 3.31%
50S:50M 249°F 5.78°%f

67S:33M 255°" 3.61°

LSD (0.05) 19 0.66
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Means followed by the same letters in each column are not significantly different according to Least Significant Difference (LSD)
test (P<0.05)

“ MM evaporation from pan class A
“100S:0M; 67S:33M; 50S:50M; 33S:67M; 0S:100M
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Table 6- Analysis of variance (mean squares) of the effect of different intercropping ratios and deficit irrigation on grain
yield and yield components of soybean
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*and **: Significant at 5 and 1% probability levels, respectively. ns: not significant
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Table 7- The effect of different intercropping ratios and deficit irrigation on grain yield components of soybean
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Deficit irrigation ” Number of pods pet Plant Number of seed per pod 100- seed weight (g)
60 25.64° 2.85% 13.572
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LSD (0.05) 1.53 0.40 1.48
bglo cuiS lacns
Intercropping ratios**
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LSD (0.05) 1.11 0.19 0.83
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Means followed by the same letters in each column are not significantly different according to Least Significant Difference (LSD)
test (P<0.05)

“ MM evaporation from pan class A
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Figure 3- The effect of different intercropping ratios on the biological yield of soybean and millet under well-
watered (A), mild stress (B) and severe deficit irrigation (C)
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Figure 4- The effect of different intercropping ratios on the grain yield of soybean and millet under well-
watered (A), mild stress (B) and severe deficit irrigation (C)
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Introduction

Drought is one of the major abiotic stress limiting plants growth and productivity across the world.
Intercropping increased the efficiency of water utilization. In arid and semi-arid regions, intercropping can
improve water use efficiency and water conservation in soil. Because intercropped plants use water efficiently
and caused increasing of water use efficiency. Intercropping of legumes and cereals compared with
corresponding sole cropping is common and might be beneficial in semi-arid regions particularly in resource
limiting conditions. Do and Goutan (1987) reported that millet can be planted in mixture with some plants such
as cowpea, sorghum, peanut and soybean. The aim of the investigation was to study the impact of intercropping
on the growth and yield of millet and soybean under deficit irrigation.

Materials and Methods
The experiment was carried out as a split-plot based on a randomized complete block design with three
replications, at the Research Farm of Agricultural Faculty of Bu-Ali Sina University in 2015. The main factor
included three levels of deficit irrigation (irrigation after 60 (well-watered), 90 (mild stress) and 120 (severe
stress) mm by using of class A evaporation pan) and five levels of replacement intercropping consisted of
monoculture of soybean, monoculture of millet, 67% soybean+ 33% millet (67S:33M), 50% soybean+ 50%
millet (50S:50M) and 33% soybean+ 67% millet (33S:67M) as subplot.

Results and Discussion

Water stress decreased chlorophyll concentration of millet and soybean. In all intercropping ratios, the
chlorophyll concentration of soybean was higher than its monoculture. The rate of increase in chlorophyll
concentration in (67S:33M), (50S:50M), and (33S:67M) ratios compared to monoculture of soybean, were 8.43,
8.57 and 8.76 percent respectively. The highest total chlorophyll content of millet was obtained in (50S:50M)
and (33S:67M) ratios, that was 12.34 and 12.09 percent higher than monoculture of millet, respectively. The
highest number of panicles per plant of millet was obtained from (50S:50M) and (67S:33M) ratios under well-
watered, and the lowest one was observed in monoculture of millet under severe water stress. The highest
number of seed per panicles of millet was observed at intercropping of 33S:67M, 50S:50M and 67S:33M
treatments under well-watered, and the lowest value was measured in monoculture of millet under sever water
stress. Water stress decreased number of pods per plant, number of seeds per pod and 100-seed weight of
soybean, compared to well-watered. Number of pods per plant, number of seeds per pod and 100-seed weight of
soybean reduced in severe water stress were about 50.58, 33.68 and 26.09 percent, respectively, compared to
well-watered. The number of pods per plant of soybean plants in all intercropping patterns was higher than
monoculture of soybean. The rate of increase in number of pods per plant in (67S:33M), (50S:50M), and
(33S:67M) ratios, were 6.38, 11.63 and 7.75 percent respectively, compared to monoculture of soybean. The
highest seeds per pod of soybean was obtained in (50S:50M) ratio by 13.78 percent higher than monoculture of
soybean. Water stress reduced grain yield of millet and soybean by 46.8 and 50.05 percent, respectively. Under
well-watered condition, the highest yield of millet was obtained in (67S:33M) and (50S:50M) ratios. The highest
actual yield of soybean was observed in (50S:50M) ratio by. Maximum value of LER (1.14) was achieved in
(50S:50M) ratio intercropping in severe stress.
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Conclusions
The best planting pattern to obtain maximum yield of millet and soybean was (50S:50M) ratio. The
difference in rooting millet with soybean and better use of water in different soil depths could be reason to the
high yield under water stress, the show millet and soybean intercropping were complementary.

Keywords: Chlorophyll, Irrigation, Land Equivalent Ratio, Pattern planting
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1- Leaf area meter
2- Kjeldahl method
3- Bartlett's test
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Table 5- Mean comparisons for interaction effects of animal manure and nitrogen levels on leaf dry weight and light
absorption in hemp
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Means with similar letters in each column are not significantly different (P<0.05)
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Figurel- Interaction of animal manure and phosphorus on alcoholic extract of seed in hemp (The columns that share at least

one letter have no significant differences according to FLSD test at 5 percent of probability)
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Introduction

Availability of nutrients needed by plants and ambient light are important in the growth and synthesis of
active substance of medicinal plants. Various nutritional combinations have been assessed to study their effect
on improving field management and production of medicinal plants. Nitrogen is often a limiting nutrient in plant
growth in most agricultural soils. Nitrogen is a major component of chlorophyll, proteins, nucleic acid, vitamins
and other organic compounds by which plants use sunlight energy to produce sugars from water and carbon
dioxide (i.e., photosynthesis). It is also a major component of amino acids, the building units of proteins.
Phosphorus is another element which has an important role in nearly every plant process that involves energy
transfer. High-energy phosphate, contained in the chemical structures of adenosine diphosphate (ADP) and ATP,
is the source of energy that drives the variety of chemical reactions within the plant. Nitrogen and phosphorus
can be supplied through fertilizers or animal manure. Various studies show that combined use of manure and
chemical fertilizers (as N, P and ...) have positive effects on soil fertility and growth of plant as well as
protecting the environment. Studies also show the effect of adequate nutrients on plant growth parameters, light
absorption and biosynthesis in medicinal plants. Therefore, the present study was conducted to evaluate the
effect of organic amendments enriched with chemical fertilizers (nitrogen and phosphorus) on effective traits in
light absorption and alcoholic extract of hemp in two consecutive years in Birjand.

Materials and Methods

To study the effect of different levels of animal manure and chemical fertilizers, a split factorial experiment,
based on complete randomized blocks design with three replications was conducted at the research Farm of
Faculty of agriculture, University of Birjand, during 2013- 2014 growing seasons. Experimental factors include
application of animal manure (well-rotted farmyard manure) at a rate of 0, 10 20 and 30 ton ha™ to the main
plot. The sub plots were received nltrogen at rate of 0, 50 or 100 kg ha™ (nitrogen in form of Urea) and
phosphorus at rate of 0 or 80 kg ha™ (P,Os as triple superphosphate). Measured traits were shoot height and
diameter, leaf area and leaf number, nitrogen percentage of leaf, canopy light absorption, shoot and leaf dry
weights, percentage of extract of leaves and seeds. Nitrogen content of plants was determined by Kjeldahl
method and light Absorption was measured by Sun scan. The data were statistically analyzed by SAS software
(V. 9.1). Comparison of the means was performed using FLSD test at the 0.05 level of significant.

Results and Discussion

The results showed that canopy light absorption highly correlated with the leaf numbers (0. 676"), shoot
height (0. 621 "), nitrogen percentage of leaf (0.543™) and shoot diameter (0.481"") respectively. Application of
30 ton ha™ of animal manure resulted in less efficiency in increasing shoot height and diameter, leaf area and
number and nitrogen percentage of leaf. The absorption of light by plant was higher in treatments with higher
nitrogen content in leaf. The study showed that weight of shoot and leaf following treatment increased by animal
manure, nitrogen and phosphorus supplements, which subsequently increased final weight of extract from leaves
and seeds.

Appllcatlon of 30 ton ha® of animal manure and 100 kg ha™ of nitrogen resulted in 20.1% and 20.2%
increase in content of leaf extract respectively, while application of 100 kg ha™ of nitrogen resulted in 20%
increase in total weight of extracts from seeds. Seed extracts were also highly correlated with the dry weight of
leaves. Therefore, the study suggests that adequate nutritional supplement to soil can increase plant growth and
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final weight of the leaf and seed extracts from plants. Most seed extract estimated in combined treatment of 30
ton ha® animal manure and 80 kg ha™ of phosphorus. The rate of plant growth was lower in the first year
compare to the second year, which can be due to higher salinity of soil and animal manure and temperature of
germination in the first year.

Overall, the findings of this study showed that application of 30 ton ha™ of animal manure can provide the
plants with adequate level of nitrogen and phosphorus resulting in increased level of extracts of leaf and seed in
hemp plant and can reduce the need for nitrogen and phosphorus fertilizers use.

Keywords: Cow manure, Leaf dry weight, Nitrogen, Phosphorus, Shoot dry weight
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Table 1- Soil physical and chemical properties

Gos il O Sed pely (SopSCule dnal JTosk
Depth (cm) Texture N (%) P (ppm) K {(ppm) EC (dS.m™?) pH OM (%)
0-30 Loam .y 0.11 19.3 315 0.31 7.46 1.15
30-60 Clay loam .- 0  0.11 13.6 325 0.82 7.34 1.04

SAS (o,Lal l58la 5 5l 55 odls uibylg 5T s i odlazul
P LSD (5050 5l puSKile duslio (gly .093,5 ookl /Y aseus
i odlaol daopd gy Jloss] pdane

ol b gladile (1) adle o515 9 0395 a5
0,0 5> 5 (Avena ludoviciana) asbiwe; sy BYgsy a5 db
9 S SOk 5 slacale oy iage (Hordeum spontaneum)
(Cirsium arvense) 4J,1s (Sisymbrium irio) &L , s
Geranium ) _dsg lized 9 (Anthemis altisimma) «sql
pAS glyie Sy ypg jyb lacale oy epe (tuberusom
Cuils W81y g clS jiuw go5 bldio g ookw ol 3l dgy oyl po
dgliio (Y Jgin) 392 5l e jpcile (o515 5 03gCunj Slao
CslS i o o s (S5 x cublS g blate ol gl ke
Cotls jyn slacile 035 ol p Solite p5b w515
o V0 STy Gl )d pw ans gy w2 3 (1 Jgi2)
a5 5 sbdile o395 B cuw LS 53 p)SelS VO
o155 53 e Cpionad L I3 gine Jgeme cudlS 3 Loy B! oyl
290 ()3 Y 9 pLKI9) yiw ;LS 53 p)S9 LS V0
CslS 4y Cus jyp slacile s3giCuw; bl s (6> Gixe
Sr sladide 0395 (e cp YL b adate Jgene
g adhais Jsore Cull (gilosd a8 5 53 (@0 yie 53 p)5 YY/YY)
P S NUFE) Gl (e g A5 5ds S 53 2 SlS VD (S15
P PSS YO 1515 5 (1893 yiww S)lodd S F )3 (e e
(¥ Joda) ol canday JliSa y3 puiS
dw y o ydd S ob L dSg o515 g CuslS it LiSeny
W15 I L (i s 5 plSin 395 s o Jgams B b
o=V Jgi2) €8l (il ()l sine ysboas jyacile o515 alS
(e Dy yuler (nE9)d Yt 9 Joene Sl Lulyd )5 lals
Ol GBS G (5l gime pobodr (1 9y s g pLKIBI95 s
O3l Onfgp po 4S5 W03 dilale Jpere plw 4 Sl Cubio
GtS 5 50 asyje 3y sladile (815 o i g i bl
O 028 9 58 53 pSSkS N0+ 1815 5 Jgane IS (ke

ol 5 addsl w5l 5l Gt 0 93) D3 ) s (B) 5
A o by VO U y0j g s 4LlS )4 cyp0 VO
B e 4 95100y 8135 b (4158 p5es) (daw
Loled 9 8 o 5l 48l g o (LS b b 03] yia Lo 1O
8,5 plool 3TN0 o) 55 o)l g 5k casls

§ cils byl Job 5 e il Vo cudls Lgkas oy alols
O (inlojl @y Sy p> cuslS blas dlusd s 43,3 a5 > e
o 04 e (el lie 4 baydy il a5 by cusls bs
35 Bl g opjs IS 3 p kS YO 5 Ve NO- plie
Ly dswloe Sb 3o8 ls (wlol 2 jl 2)90 (olend sladeS
5 (Se )3 p SolS VD) poigal (63 Cland (6358 lia oot
Sllos pluw opizmed 035 (s (U2 )3 2,5 olS Y0+ ) o)
b Jlael jlog oolod (sl Gy Sgots )l s el
) Cygo A5 Jolye )3 i pcile S mn

A (6550l e 4 Olas cub y PR

e 3 b sladile 035 g o515 S 0jlul jslaie 4
g 00 by e VXY Colue 4 jo cladale &S 2 il &
sloo L g celn YA Gao 4 5 Bud asin i lacale sl
dpusloxe Ll S8 ()59 e 5 423 gl 5 915 (Lo a3 VY
o g2 4 045 ALB )1 Cad Cjguody (D Faw uoyd D)5
(iS5 ookl ) obS glis) £ysSolasl (glys b Lous s 0
Ot (gl A oolaw] (Bolay O ygods ol Ve LSS e o
&y So Plae (law idaw s3ly 53 dlins 5 59,k oy 2l
5 obsled o 3 dlics g 9,1 (gladoey Sl g 05 4B S Jl >
4 oad il sla)in Cud o opl dule (gl b el
W G g duwlre pdaw dnly )3 Mo pd Cjge 4 0l G (glayd
spban ladigas ool ol o 5l cls Jlim 59 5 So3ll ol
5 demle ool @l Jlie 59 Sike cjg Jl e g I B3l

s Y Gis il s edgicauw; g 4l 3 Slas (6550l
Opzmen a8 plosl &S e Sl g Ll 1 e s Bl g 85k
Nelson and ) JlilsS™ (5g; 5l a0l 59,0 (5503l (gl
5 edlazwl (Sommers, 1972

Laodly 53,8 Jloy (¢l VY aseus Minitab g,lol 15300 5 51



WWAY Gl oF o)lods V7 oo oyl ! 2ly5 Glecdanr g3y @yl Ao

P pmdide JymS S (G)llsdn g (g0 g plKiady)
039 S g Bl @815 8L (g0 g pBBIg5 CudlS (sl s
Sy ly clls S jaale

LS 3 p)Se kS VO 5 Ver g1 5 (89,0 yi Lulpd
1 pAS At el WS il 8l aE (Y Jgds) del Conday
b yian 3l agpiio guly CudlS piuw ) e (ST ials

CuiS e SBeST55 g s 3T o 2 8L )3 (9551 3)90 ko (Sl po Silie) il g 4328 S - Jga
Table 2- Analysis of variance (Mean squares) of the wheat traits as affected by different seedbed and densities
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ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.
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Table 3- Interaction effect of seedbed and plant density on weed density and dry matter, and some wheat traits
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g.m

Jsans 150 43.33° 18.66° 101.7% 3119 9.02%
Conventional 200 30.66" 12.66™ 107.1%° 352° 9.04%
250 26.66° 11.00° 87.63° 378¢ 8.33¢
. 150 31.66° 14.33° 112.9 341° 10.66™
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e 150 26.66" 12.33° 112.7% 327" 9.66
059 200 21.03° 8.33¢ 105.8° 466° 13.33
False 250 19.66° 8.33¢ 106.52 451° 12.33%
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Column means with the same letter are not significantly different by LSD test (p< 0.05)
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Table 4- Analysis of variance (Mean squares) of the wheat traits as affected by different seedbed and densities
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S.0.v df 1000-seed weight  Biological yield  Grain yield Seed protein Lodging percent
Block 4l 2 5.22 0.20 0.29 111 0.92
(A) Seed bed yu 2 14.57ns 19.09** 57.2%* 21.0%* 87.81**
Errorl y cles 4 14.81 1.18 191 0.27 0.48
(B) Density S, 2 71.18* 4.23ns 5.61** 1.00ns 15.81**
AxB 4 8.19ns 0.84ns 1.09* 6.16* 0.70ns
Error2 v ks 12 15.57 2.40 0.28 1.22 124
cVv - 2.38 12.22 5.87 3.18 11.95
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ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.
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Table 5- Simple effects of seedbed and plant density on some studied traits of wheat
) EVNSIRLIREY) &> 4152 39 0345 Caunnd § 3,0 St no g
Treatment )los Spike number per  1000-seed weight  Biological yield (kg Lodging
m? (9) ha) percentage
oo 392° 46.36° 15.19° 19.55°
Conventional
S pRy) 408 4597 18.61° 19.00°
Seedbed Stale
0532 4357 45.98° 17.33 13.88°
False
csls oSl 150 333° 49.73° 16.72° 16.00°
Planting density (kg seed 200 4417 48.24° 16.99% 17.88°
ha) 250 462° 44.29° 17.37° 18.55°
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For each treatment, column means with the same letter are not significantly different by LSD test (p< 0.05)
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Figure 1- Interaction of seedbed and plant density on grain yield of wheat
The means with the same letter are not significantly different by LSD test (p< 0.05)
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Introduction

Wheat (Triticum aestivum L.) is the prominent cereal food grain and major staple food in Iran. However,
weed infestation is a major bottleneck to higher wheat productivity, and accounts for more than 48% loss of
potential wheat yield. Weeds are omnipresent pests that compete with crops for water, nutrients, space, and light;
host pests and diseases; and release allelochemicals into the rhizosphere. The magnitude of weed-related losses,
however, depends on the type and density of a particular weed species, its time of emergence, and the duration of
interference. Yield losses are most severe when resources are limited and weeds and crops emerge
simultaneously. Crop yields decrease with increasing weed competition. A strong relationship exists between the
duration of competition and the competition pressure exerted on the crop, which reduces yield. Stale seedbeds
are a long-established practice that can be used with supplemental herbicides in conventional systems or without
them in organic systems. The aim of the study was assessing the effect of various seedbed and wheat density on
weed control, and growth and yield of wheat.

Materials and Methods
The experiment was conducted in a split plot arrangement based on randomized complete block design with
three replications. The seedbed (false, stale and conventional seedbed) were assigned to main plots and wheat
density (150, 200 and 250 kg seed ha™) were randomized in subplot. The spacing between the planting rows was
20 cm. The required fertilizers were applied based on the results of soil analysis and by phosphate di-ammonium
(150 kg ha™) and urea (250 kg ha™). Also, other planting operations such as irrigation were applied uniformly to
all treatments. Weed control was not carried out in growth stages.

Results and Discussion

The results showed that dry weight and density of weed, plant height, number of tiller, 1000-seed weight,
grain yield and seed protein contents were affected by interaction of seedbed and plant density. Simple effect of
seedbed and plant density had a significant effect on number of spike and lodging percentage of wheat. Using
false and stale seedbeds led to reducing weed density and dry weight, and increasing number of tiller, number of
spike, biological and grain yield and protein contents rather than conventional planting conditions, significantly.
Increasing plant density had a positive effect on weed control. It seems that increasing wheat density increased
the competitiveness of plant species by decreasing access to enough light and nutrients, and led to eliminatin

the weeds. The highest grain yield (6.95 t ha™) was assigned to stale seedbed and density of 150 kg seed ha™.
Grain yield in densities of 150 and 250 kg seed ha™ was higher than density of 250 kg seed ha™.

Conclusions
In general, application of false and stale seedbeds with planting 150-200 kg seed ha™ is recommended.

Keywords: False seedbed, Lodging, Protein content, Stale seedbed
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Table 1- Analysis of variance (ANOVA) of studied traits in four spring cultivar canola under drought stress and spraying with salicylic acid

Ol kS galio b,’a, Ol Jge Sl gl s, RO e sy
(Source) &l Relative water Soluble carbohydrate Proline content O399 MDA content
d.f content content H,0, content
Sl 2 42.88" 0.11"™ 408.08" 0.463" 0.18"
(] slos) @ 56 . e o -
(Factor a) (Irrigation 2 282.95 0.40™ 7039.08 14.424 12.48
treatment)
(aerror)a olusl 4 31.47 0.29 505.18 0.082 0.25
(SAL s3lisbne) D 55 1 43.36™ 2,23 945.78" 0.894™ 231"
(Factor b) (Spray with SA) N - .
axb 2 14.61™ 0.27™ 192.98 0.157 0.26
b (b error) oLzl 6 2.59 0.05 16.53 0.008 0.01
[l € 5t 3 43.49™ 0.13™ 16.41™ 0.129" 0.42"
(Factor c) (Cultivars) . .
axc 6 10.62™ 0.16™ 35.11™ 0.029 0.09
bxc 3 5.40™ 0.07™ 31.46™ 0.009"™ 0.12™
axbxc 6 2.21™ 0.07™ 29.90™ 0.006™ 0.04™
(c error) C oLl 36 17.55 0.20 48.53 0.012 0.02

bl o RGS003 5 805 pldyj yils ol plB,l L jls e MR pae NS 4o )d S 9 O grdaw )5 (63 e o Sy 0 o
*and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant. Cultivars were Zafar, Zarfam, Dalgan and RGS003.



AV iS50 08 (0 iyl g oy 5t ] Sl 9 (S5 (55 5T (g 3

0,k 155 B sl 43 ! Sl U (il Jglone g (Swid idld Cod Olao 1 (g0luad (il duslio -F Joua
Table 2- Mean comparison of some traits under drought stress and spraying with SA in four cultivars of spring canola

Sl loss 2455918 (gl b Jadg 5" (slgine O (o glione oz slgioe
Irrication treatment Carotenoid content (mg g™ Chlorophyll b content (mg Relative water content Proline content (umol
g F g* Fw) g* Fw)
o= P 0.376 b 1.207a 78.305a 9.801 b
Control
u.m..\lf Al>)a )) L)Cv.:
stage
41>)A ).) L)“'“')
s te 0.438a 0.5b 76.952 a 44012 a
Stress at podding
stage
Sl b (Sl Jglore Jobre Sliamg S (gt 8 Ul lgione 2 Jedo)lS (slyiome Odon Sl
Sl Soluble carbohydrate content Total chlorophyll content (mg  Chlorophyll a content (mg Proline content (umol
Spraying with SA (mg g* DW) g'Fw) g'Fw) g'Fw)
0 ppm SA sl 24,902 b 1911b 1.237b 22.798 b
150 ppm ¢l ;o VO~ 25254 a 2.136a 1.385a 30.046 a
5 ¢ Sisen Sl Sl Carot Jﬁj}?)g f‘y:m 1 chl ¥ ﬁf d‘ﬁmt
Canola cultivars H,0, content (umol g FW) arotenot Fcon ent (mg g orop g.l F\?\?)n ent (mg
Zafar ,abs 1.327b 0.350 b 0.499b
Zarfam sl ; 1.383b 0.416a 0.727 a
Dalgan & 1.526 a 0.350 b 0.799 a
RGS003 1.386 b 0.454 a 0.822 a

A 20> O Jlazn w53 (6ylol I3 ime BMES] 1315 < ygis y2 3 Sy SoroS gy b olio

Values with the same lower case letters in a column are not significantly different at P < 0.05.

4 95108 ol el lalS )3 ROS maw iol3sl oyl (1994
Sl g slaspl g gy dadeed o I ) s J5Sg
3o rSI3sy 3limgon 5 yd el Ly g 00
P SA 45 (sBgo dad o olis ©lllas (Smirnoff, 1993)
i loily )3 ul38l el 245 o o3litw] cunlio slacdale
oaaliio (Knorzer et al., 1999) 545 o ylalS  las] sl
33 gl 25 5 5b sl ol el SA Lo oS o
4, (Strobel and Kuo, 1995) 55 & o ;Ls 5 555 olals
Colans1 5l (la 5l clled (133l 4 2o SA L Jlo ode
slrdis 1 baewd buwSTpow o ISy YUK ales |l
(Hayat et al., 2008) >4 o [ Sis i Cod S5 y8dn oS
B 5,8 L (Krantev et al., 2008) 5o gladllas j> piscen
9 5hSTy byeSul colaws sl lae 5T culld j> il53l SA
O laass 1) YUK clls  jial b 5bgeuwsd dusTyow
ool LS 4y ode (e tman SA (2B )18 3505 snlie
L el u_iw s ..\g..))f P Lgl.mé.’{y ‘_991»4 slalie 4 9»|J.w§|
A3l Al (o) me bLS ) Ol 598 oL Jood il 8l

250 wlgs blize @l gl soled 48 sl ol psls oo ol
() Jssz) axals amall oo e (ggme line 2 5o
sy 3 05edy (S i b L G0 bodly (1 S0ke duslds
Syl (5 18 o ol Jaine Gl ol oS
i Jlas] dls o 93 2 )3 MDA (lgizes jls sine 20l cesly
g DA dls o > codpa Gials ao pYV/VE 5 VAAY) s S
i bl 53 MDA (slgimme oyt (¥ Jgi2) (o095
alsye sl 0 oo plE) a S ol Cowday (205 Al yo o Sis
5 P ol o) Lol a2zl (g o shne glE5 St 5
duglde )3 (23029 Ao )3 (Sid A5 lalyd 5> RGSO03
(¥ Jgiz) 2l |y MDA (slgioeo oS (LS -5, L
P pials el |5 Sl al U (3L Jgloc
9 86 Bl > sl nl (Jg 03)5 Bl (sles > MDA (glyies
(0 Jsas) 59 dlasMe 15 RGS003
(ROS) Jisb (5uST glssl 2y ol sl 1505 sl e
d9dee LS )3 08 9 OHH0; caaSTygw sl JUS03)) i
Asada, ) 355 0 HLalS 13 splias] (25 sbul el bl
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el dls o 93y > (SCis (15 (Y Jgdo) (o VW/VY
5 OB pld); plB)) g 03,5 hidg)lS (dlgime )3 o gne (yialS
g > 1y Jdg IS (slgiomo o yiaS il 03 9 (p iy RGSO03
Joi2) 3l Sl ol Sgles al> po 93 50 55 (15 Ll 5o pB)|
@ oSy 395 allae > (Khodary, 2004) ,las (¥
Slymome by 3 1) oyl ine ol SA L oad (o3 Joles

339 GBS 5 iy 3 i

SA & ¢S (g oo il b (Bandurska and Stroinski, 2005)
ROS gslaws > ials 4 oeie sl 5] ol 3900 G20
25850 i <05 3,Slas 900 & 2o Tl 5 HO; e
Jolize )_:l FLERIN ULM: @L; :JS 9 b a Jﬁﬁgﬂs ‘5'93'9:0
5 3mopd S g 3 ()b e ol pLE)l g (Sis i
loe (s ine 8l Sl dl b (8L Joloxa (piomen
aS ol ol Laooly uSle dslis (F Jods) cudly Juds IS
olal33l) il Ji8g IS (elsima (it s 25U ol Jybes

I35 050 P81 53 Sibomd Lo sl Uy (ol Jglono 9 (Subd (T Codf Glho 51 (5315 (le Ao -V Jgaa
Table 3- Mean comparison of some traits under drought stress and spraying with SA in cultivars of spring canola

&bl o Sl b (b Jglone o g Dl ala,Sles  waligangdl slgow M"' gl
Irrigation Subpnd Ls number of pod  Grain Yield (t MDA content (nmol 039
treatment SA Spraying plant* ha™) gtFW) H20, ;Tlt:evltlt)(“mm
A pas 0ppm SA  als 55.167 a 3.122b 1.098 d 0.575d
Control 150 ppm ¢l g o V0. 52.583 ab 3.874a 0.976d 0.539d
o8 als o > 55 0 ppm SA aals 33.833d 1.054d 2.737a 2229 a
ﬁ};ﬁjﬁ,ﬁ; 150 ppm gl V0 40917 ¢ 1297 d 22181 1923b
als yo )3 S 0 ppm SA .als 50.917 b 2344 ¢ 2.042 b 1.748 b
S
Stress at podding 150 ppm el VO- 52.833 ab 3.093b 1.610c 1422c
stage
s doyd O ez pdaws 55 (gylol I3 gme BB 28l (gt o D sy SogS Bgy> b plie
Values with the same lower case letters in a column are not significantly different at P < 0.05.
0,0 TS o5 Jlar )P S ST o Ol ) (3105 (eSilen Ammlle —€ Jpu>
Table 4- Mean comparison of some traits under drought stress in four cultivars of spring canola
Tl . i . " . . . . ) -9l slgixe
Solel Lo I35 e o dla Al o Sles 2 Jadg 5 (sl JS Jedg k5 slyome waslles
Irrigation Canola number of  Grain Yield Chlorophyll a Total chlorophyll NS
treatment cultivars  pod plant™ (t ha™) content (mg g FW)  content (mgg* Fw) MDA content
(nmol g~ FW)
Zafar ,ils 55.33 b 3.715a 1.067 cde 1.873 be 0.871f
A pas Zarfam pb,; 54.67 b 3.599 a 2071a 3276 a 1110e
Control Dalgan & 44.00d 2.929 bc 2.029 a 3.336a 1.087 ef
RGS003 6150 a 3.749a 2.24a 3.759 a 1.081 ef
doyo > A5 Zafar il 40.83d 1.013d 0.597 f 0.929 e 2.310c
a5 Zarfam sl ; 44.00d 1.289d 0.806 ef 1.221 de 2.590 ab
Stress at Dalgan & 32.83¢ 1.183d 1.096 cd 1.585 bed 2.645a
flowering stage ~ RGS003 31.83e 1.219d 1.066 cde 1.547 bed 2.365 bc
dye 3 ST Zafar ,ab 54,50 b 3.091b 0.975 de 1.337 cde 1.619d
SRR Zarfam pls; 54.00 b 2.509 ¢ 1.038 cde 1.603 bed 1.694 d
Stress at Dalgan & 46.67 cd 2.741 bc 1.277 bc 1.883 bc 2.178 ¢
podding stage RGS003 52.33 bc 2.535¢ 1.472b 1.944 b 1.813d

A 203 B Jlain] s ;3 (glol o ime BB 18 gt 50 )3 Sy Soo8 gyn b polie
Values with the same lower case letters in a column are not significantly different at P < 0.05.
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Table 5- Mean comparison of spraying with SA, drought stress and cultivars of spring canola

Sawl b (ol gl G 4 aa i35l glgione
Sl Lt c £ 059 MDA content (nmol g
] ultivars Seed oil (%0)
SA Spraying FW)
Zafar b 41111 ¢ 1.770 ¢
Sl olxe pas Zarfam pls,; 40.444 c 1.905 abc
0 ppm SA Dalgan s 42.000 bc 2114 a
RGS003 41.556 bc 2.047 ab
Zafar il 44.667 a 1.430d
plistes YO+ Zarfam pls,; 44.444 a 1.690 ¢
150 ppm Dalgan K> 43.333ab 1.826 be
RGS003 44.778 a 1.458d

s Joyd O ez pdaws )3 (gylol I3 gime BB A8l «yga o D sy SogS By b plie
Values with the same lower case letters in a column are not significantly different at P < 0.05.

(Singh and Usha, 2003) Ligl 5 S (Ramanjuam, 1997 Slgize yd L3l 50 (Hayat et al., 2005) ) San 5 ol
 idgad il Jylne SA LTy (Sis (i cov paS Slodig dges 555 SA L ead e pS el 31, s,
o] clled g Lo IS clgimme bl ys ol o a8 W58 b 158 lgme 3 iol5-8l 35 (Ghai et al., 2002) Lo g LS
gty ola ST ] o 3l cdld (5 ial38l b ol yon 9l Jls a4 0505 0155 SAL Jlew bl s o 1S o 1y bao 1,50,
Ao ialisl s oole meos Culys o g widly L oas jlaw LS o & dad o L 5 (olate b iyl5S

Akandhi and ) 5 o sdalie Jidg S (claxe 3 yials SA

Sk lr ol b (il Jglone 9 (SWid (WS o 0o 155 03, )l 45 addllas 3590 Claw (il ylg 4500 - Jou
Table 6- Analysis of variance (ANOVA) of studied traits in four spring cultivar canola under drought stress and spraying

with salicylic acid

oS gslio @ a by IS (slgime D by IS slgie J5 Jedg IS (slgie sigda, |5 glgime
S 83! Chlorophyll a Chlorophyll b Total chlorophyll y .
(Source) Carotenoid content
d.f content content content
Sy 2 0.151" 0.079"™ 0.448" 0.060"
(ke slos) @ 95518 2 5.810™ 4.444™ 20.166™ 0.039™
(Factor a) (Irrigation treatment)
(aerror)a oLl 4 0.155 0.053 0.156 0.039
(SAL 2l sl) b_ 95t 1 0.398" 0.105"™ 0.913" 0.020"™
(Factor b) (Spray with SA)
axb 2 0.008™ 0.006™ 0.002"™ 0.007™
(b error) b olusl 6 0.006 0.015 0.020 0.015
(PES) € 5yt 3 1.741" 0.3917 3.771" 0.048"™
(Factor c) (Cultivars)
axc 6 0.300” 0.122" 0.652" 0.023"
bxc 3 0.014™ 0.002™ 0.007"™ 0.003"™
axhbxc 6 0.006™ 0.002™ 0.010™ 0.006"™
(c error) ¢ oLl 36 0.027 0.081 0.115 0.007

b o RGS003 ¢ 85 pldj yals ol plB,) . jl5 sime S| pae NS o> G 9 O pdaw )5 (4515 Jxe o jy s o

* and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant. Cultivars were Zafar, Zarfam, Dalgan and RGS003.
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alaw Jlite plas ol (Lis guls tome 98 )3 Aild dlaas
Goldsine b pB,) g Silials el b 5l Jglomo o Suts i
auwlis Jodn (Y Jodn) aiih o5 50 db olis Cao p
2 o pe 0 aOb ol o by a5 ob LS 35 ool 1,Sle
P OES A bgye e 9 (St i pas Lulyd 4 by e bt
P8 5 ol Sl ol 3k Jsbro b 5 (a3 55 oo
alsyo 9 10 > (Bl gl 4 gy STy RGS003 g (5>
1A iy 5 cwdye 50 b olaw (A Jgia) cul ooy L
Angadi et al., ) xsb o 18 50 5 Slas osind JoSis gl 5]
LS e yss > 4l slas Lials 1 S b 3,155 (2003
saog .(Ma et al., 2006) wsb o ol o5 (55 51, 158
UiselS 50 (Tohidi Moghadam et al., 2011) f,San 4 pado
P23 e YA IS 8, (i o1y s yss 50 db ol wgusre
5 M5 olhe 3 ol o5 i balys )3 sae VW/F & sals oy
3,8 IS (p3ess

Al 2wy T9las a8 dmd o Ll Baisd ol 5l il s
o po ) (Sid i g (i e slaledd ) ()9S
OB g8y &Sy oo a5 (A Jga2) 395 )l (B0 y05
o1 byl )3 &y sl aals 4o 5 g by yed (Ser il
L il s lome 8 sm3o o5 Gialef] ) ol (ol 51 ol
i by oli8l g (giniwgid 3 Slas gy 31 b | Vsl SA
Caol 030)5 py95 43 ild olawy il58) &

i el Jolite Sl as ol flis gls 1y 15 3
Sl e iy o shasine 8B pB)) 5 bl glome ¢ S
aS ol ol 5 Laodly :80ke dunlie Jodo (Y Jodo) sl
oo 9 O pae bl 4 bgyje bl )3 &yl 59 n pien
Al Ly (8l oo Ly (o3 g dls o p3 (5 4 bguje
Sty (LS (g)lge 53 9 RGS003 cyils l8) ccuns] Silimullis
(A Jgaz) asls luis lauly 95 o )3 (3l Jsloee 4 s p00
d jd g P SoeS sdl Mg 4 poxie Gliwgd Casyw ialS
ks 4 (Sadagat et al., 2003) s o0 135" by 5 459 bl
Gkl (23053 9 (2 Jolye 5 (Sdd A5 oS A
9 S5 952 (Mol Slge s ialS 5 jiwgis )3 IS

o Joldie y 31 as ol lis gl :%59»55)5 L;!,bu
2 S oisin lis ) g Sl il b 3l Joone s
Sleeas pL5)l 5 il i Lol s IS 55658 st
(5 Jsis) 2izsls 15556)8" (laie (o)l sino 4l Lol gl
2 335598 e o iy 4 S o lis edly 1 Sle duslde
O 3 AT Jgaz) sel Cusday (o058 alse o G5 Ll
o2 Juol> RGS003 8 & bgwye 4595 (ljse oyt £
g by i IS s, 55 as ool s Sldllae (Y Jgds) Cunl
Ol UBBLS G (B0 )95 5 (S gy A5 Sy
O pae kel byl L dglio )3 aadssig)lS 9 b @ g S
.(Din et al.,2011; Qaderi et al., 2006) cuwl o0 s,
ol adgs Jdo 4 (Sis i &S ooy L (6,500 la iyl5S
5 Lo b clile il o basseS M 5 Jké ;5]
Farooq et al.,2009; Jaleel et ) 33,5 o ;Lals y5 05450,l8
(al., 2009
olis Laodly wibylg 4355 51 Jeols gl toma y95 dland
5 Sl sl b o5 Jslomo 5 (St 55 Llize 1 &S ol
3 I ime Lo yd S e 3 pLEHI L SLiS IS eiocen
Sl oy i a8 ol Lis Laodly (S0Le dolds (Y Jois)
ol Ly (il Jgloe 2l )3 o2 CLJB Lald 4 bgrje oy
s iy iz D9 (Bl gl (gar 9 Sl
3 s oS Skl 3l b (o8l Jgloe b asigy 5> 0y
20l a8 g b edamlidie (S (y9ar g (B0 yg> Ay
it g ynien (¥ Jsir) ol Comsty (25 s po 5> (5 Ly
O pe Laulyd 53 RGS003 3, & bgiye Jol alsyo )3 ()95
g o pe balpd )3 p)5 il pB)l @ bgaje (sim dl> e 3
odmliio (803 08y 13 o (pyieS 9 091 (B9 e y3 IS
23 Sdae ol cppnte S92 9> Ggp S (T Jgaz) 20,5
ol clllles ((Angadi et al., 2003) 55, 0 Clus 4 1515 oLS
g )D cpayed i ialS el  SLis il &S sl 00l
IS als oy Sid iy (Gan et al., 2009) 555 o
O S dagi BB alS o J5 5l () dawlgds
Gk il (Sis i ke 4 (Sinaki et al., 2007) 5,5
ool Gy daJS 5l ool (6500 pis 25 0)93 (3905 oS
S5 036 sla e jot 0 JUi) S (s5tmgid dlge Mg ialS
JLos @]y g2 33 2y Slas ials ol 43 Jbs 53 9 48)5
Cably dalgs
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Table 7- Analysis of variance (ANOVA) of studied traits in four spring cultivar canola under drought stress and spraying
with salicylic acid

S aalic “r O 9 Sl g 4 Al Blasd ARG GaSlas ks ok,
(Source) &33! number of pod Number of grains pod™ 1000 Seed Seed yield Seed oil
d.f plant™ g P Weight y
Sl 2 79.63" 0.29™ 0.004"™ 0.003™ 0.88™
(bl o) @ 5510 1946.00™ 488.54™ 1.582" 33526 088"
(Factor a) (Irrigation treatment)
(a error)a oLzl 4 24.63 1.33 0.009 0.046 2.13
(gﬁtgrﬁl}gﬁi}ﬁ Z) 1 82.35" 401" 1.628" 6.092"  165.01"
axb 2 140.39™ 8.18" 0.008" 0.516™ 0.68™
(b error) b olzsl 6 2.54 1.21 0.008 0.051 1.46
(Fact(gf;'; ‘Eéjt Liévars) 3 350.68" 22.46™ 0.102™ 0.324"™ 1.72"
axc 6 12450 8.21" 0.042™ 0.540™ 1.36"
bxc 3 2.20" 7.94™ 0.058™ 0.128™ 6.20"™
axbxc 6 8.74™ 6.22" 0.048™ 0.085™ 2.53"™
(c error) ¢ oLzl 36 13.44 1.15 0.005 0.072 1.66

b o RGS003 ¢ 85 pldj yals ol plB,) . jl5 sime BMB] pae NS o> S 9 B pdaws )3 (6515 Jxe o ey s
*and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant. Cultivars were Zafar, Zarfam, Dalgan and RGS003.
155 0, 8,1 § (Subd (A5 5 Sabpmd s ! b iy Jglome (0l Julite 51 (ile dumplia -A Jgar

Table 8- Mean comparison of spraying with SA, drought stress and cultivars of spring canola

Sskl o Sl s ol U o0y J gl P8, Oy 5> I3 dlaas al> 2 o9
Irrigation treatment SA Spraying Cultivars Number of grains pod® 1000 seed weight (g)
Zafar ,ab 16 cde 3.47 ef
Joli Zarfam pls,; 15 ef 3.26h
0 ppm SA Dalgan 5> 18 ab 3.64 bed
OES pds RGS003 17 bed 3.45 ef
Control Zafar ,als 16 cde 3.79a
pliss VO- Zarfam pls,; 15 ef 3.68 abc
150 ppm Dalgan %> 15 def 3.69 abc
RGS003 17 bed 3.723 ab
Zafar il 7ij 2.93 jk
b sle pas Zarfam pls,; 7j 2.87k
0 ppm SA Dalgan s 7ij 2.88 k
o8 als e > i RGS003 8ij 3.31j
Stress at flowering Zafar il 8 ij 3.43 g
pless VO Zarfam 5,; 8ij 3.24h
150 ppm Dalgan .,\5s 9i 3.07i
RGS003 11h 3.32gh
Zafar ,ab 13 gh 3.59 cd
b Jgloxe pas Zarfam pls,; 18 abc 3.30h
0 ppm SA Dalgan %> 18 ab 3.28h
20y Al ye 3 IS RGS003 15 ef 3.12i
Stress at podding stage Zafar il 14 fg 3.70 abc
pless VO Zarfam 5,; 14 fg 3.55de
150 ppm Dalgan 5> 19a 3.46 ef
RGS003 18 ab 3.79a

A Juoyd O Jlais] prdaws )3 (glel Iy gxe BMB] SEE (gt b )3 Gl S oS g b polie

Values with the same lower case letters in a column are not significantly different at P < 0.05.
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cod b ials (Brooks, 1982) Jelu mewds jl b Llgy o
0y95 LaalS (Blum, 2005) asly ;5 laesMuoswlgid (g 3loo pus
Sl i bl > (Ahamdi and Baker, 2001) «ls .,

Cdo )l 5 (3l Jolre blie Il 1yl (9, Moy
Ty Bl 203 S e )3 (5o Cglds )4y (189 Ao
(Y Jgiz) el cido nl 95 32 oo 3B (s 15
cesl il Joloe s A oo oyl G ool O&L.o 4w lBo
9 pLoy; oy als 0fagd pLB,l L olad )3 o pl Jbo dize dguy
(3l ol 1y Lil38l aoyd YIYY :S5ke jsb &) 13,5 RGS003
(6 Jo2)

aa wlgdy  Sid i 4 S aed e il (godaie Cldlllas
Walton ) sgd o 45 (£, Mo yd idlS o &l o0l Lials
Zareietal., ) l)LSen o =)l; wyp ;5 Js (et al., 1998

= EpSenide yialS i i aS W8 asuie (2010
bl &l ey doyd

8 35 4o

o Ol 3l aa8 als e > (Sid i oS ol Ll ol
Slao g aily 3 Slos o9t Sujsledyse cla Shy 2 SRS
2y ddeye 53 (Sds S L duglie > Sujolg
Sl dl b (8L gl &5 3l (Lt ol oizmen 23,5
059 x5 5 b s e yon dli Slas ]38l 4 e
9 (BI0ygS Al pe )3 (SudS L5 )3 by 3 Slas g 4l e
e (2 dloye ) (Sutd G5 e S (SdS IS pae
99y 3 (Sl (5 A0S S Ol i (Slsie talS
Pl 59235 JS g b @ Jdg S slgiee (il &) joxio dl> o
oosad ol 0 |y lgsme ity RGS003 5 (LU s 5
P Sid iS lalyd 50 a5959) lgime (iomen izl
RGS003 5 pls); pld)l g bl (il 8l (230 j95 ad> o
o Jlasl oly olaidl s 4y 1) 43955, (glgee oy
30,2 ;0 MDA 5 HyO; (slgsize 5o jlo ixe Linlidl 4 yoxie
2 shgby G ulyd LS 5 ool Glise bl 135 dls 5
P Al o 3 g by (AT L duglie )3 (2055 A e
9 H202 (s52x0 (5225 RGS003 5 b (plo); p)] § 592 528
dge 4 e 35 Sl sl b (o3l Jole a5l ) MDA
JS 3 )8l 189y 9 S ShigS gy sl
OB (ke Sl g b Cudly el Sl b (3L Jglore
S oLS csiS’ 9 3y Sas 390 4 oo g Sl | (S
Gl 033,5

5 Sedd i Jolie gl as ol ol gl taild 3 ySdes
2 P 5 (S5 G5 pizpen 5 Sl sl b (3L Jgono
Loodly (550 duolio (Y Jgan) 250 )b size do > S gl
DT g i ple et 4y bgype il 0 Sles o by oS ol L
39 (b e Clb 3 ofgd (ca P dge )3 (Sugb,
2 Sid i by o] S s (s YIRS o))
alsyo ) (S cpitren (Y Jodn) del Cundty (2l dls e
g el a3yl o ab 5 Slee 1y il 5 o iy (25
2 RGS003 4 plsyj e, ol sl &y bgyyo ails 5 Slos o iy
2 OB 9,3 pB)l 4 bogrje (g dlayo 3 5 (A pas Ll
(¥ Jos2) 392 (2202 )95 iy )3 5 Ll 3

3fdes ((Sid i balyd ) S 558 poyme o b
ol 48 05 e MBSl (lalS alesdgn 5 (SSdn
(S gl Sy ddy pilygi 3 LS )b I bdes Jos
Janda ) 5,5 0 Syge Joke il a4 cuwl 5 (gl colin
2 ealS i SA 4 ey e ol cllas (et al., 2007
ohlSed 5 Gl csladllas jo o) ( Sid 35 4 lS Joso
SA L oid Hlaw (84565 LS A, (Hayat et al., 2008)
(O Cm 4S5, S 155 g 090 ddllas (S i Cod
Sy O rslly cLtie (0l padls (s5twgd la el
5 J9)l5 il g 5 Sl s ol clled
9 Odan Gl &5 (Jb )3 wboo (Bl S Of (o lgiee
o (Jls o il o iall ol T clap 5T cullas
o0 553 ela ol aslsl 4 oxie SA L i cow bl
A9 )8

Lo Cavica papaya ;lals 45 a2 o olis b s)lis
Loy 0y Slas 5 (30540 1D ()l xe iul3 8 SA L o
2 ol 35 (6,50 adlles > (Martin-Mex et al., 2005)
D555 SA 1 za8 il | odd jlag (S jpdasS 5 ks 3 Slas
P SA o5 5,8 (Martin-Mex et al., 2007) cowl osis
Kumar ) sei oo M S5 9 (25 (ioli8l & oo 5 Low
00 S e a5 lyiedy SA & sl s oyl (et al., 1999
w3 )13 55l cod |y lalS g gy 9 4 Jes g
Lol 5 s5mgid Dl ) asd (ialS 5 g boaodlS b
&l b g 093y o 3gaeS Lol 39 0 3, Shas p3 wad yials
5 Sy ol s Slgime galS w@igr 0 &l i LialS b
Pashan ) sei oo 135" 55 ails 5,Sles ials el dadsjs, colin
3ySlos 2alS 45 w3 e s 6,50 clilllas (Eslam, 2014
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Introduction

Oilseed canola plant (Brassica napus L.) is an important agricultural crop grown primarily for its edible oil.
It is well known that abiotic stresses especially drought stress are very restrictive factors for agricultural
production around the world. Drought stress affects a vast range of morphological, physiological and
biochemical characteristics in plants. However, exogenous application of materials such as salicylic acid (SA)
has been regarded as a good alternative to counter the adverse effects of various environmental stresses on plant
functions. Salicylic acid is a naturally occurring plant hormone that controls plant growth and induces water
deficit tolerance in plants.

Material and Methods

The experiment was carried out as a split split plot layout with three replications in East Azarbaijan Research
Center for Agriculture and Natural Resources. Treatments included three level of drought stress (well-watered,
drought stress at flowering and podding stages) (as main plot), two level of SA spraying (0 and 150 ppm) (as sub
plot) and four cultivars of spring canola (Zafar, Zarfam, Dalgan and RGS003) (as sub-sub plot). The studied
traits were included number of pods, number of seeds per pod, 1000 seed weight, grain yield, chlorophyll a, b
and total, carotenoid, H,O,, MDA, proline, total sugar contents and seed oil percentage. The collected data were
analyzed using SAS 9.1 software and means were compared with Duncan test at the 5% and 1% level of
probability using MSTATC software.

Results and Discussion

Results indicated that withholding irrigation from flowering stage had a more negative effect on yield
components and physiological traits compared to withholding irrigation from podding stage. Withholding
irrigation in both stages reduced the content of chlorophyll a, b and total and increased the content of H,O, and
MDA. Also, Zarfam and RGS003 cultivars had the highest content of chlorophyll and the lowest content of H,0,
and MDA. Salicylic acid (SA) spraying increased 31.79%, 41.1% and 7.33% of proline content, leaf soluble
carbohydrate and seed oil, and decreased the content of MDA and H,0, by 16.1% and 18.67% respectively. The
results also showed that SA spraying led to 31.96% increase in grain yield under drought stress from podding
stage. SA may compensate the negative impacts of drought stress on plant yield and other parameters.

Conclusions

In general, in this experiment, the use of salicylic acid not only improved the morphological and
physiological traits of the plant under drought stress, probably through the effect on the antioxidant system but
also increased the yield and quality of the cultivars.

Keywords: Growth, Injury indices, Salicylic acid, Withholding irrigation, Yield
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Table 2- Analysis of variance (mean squares) for measured traits affected by plant density and cultivar in sesame
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* Significant at the 0.05 probability level. ** Significant at the 0.01 probability level. ns: not significant
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Table 3- Mean comparison of plant density and cultivar main effect for measured traits in sesame
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Figure 1- Interaction effect of plant density and cultivar on sesame number of capsules per plant. In each density, the means
Jwith at least one same letter have not significant difference at 5% peobability level

(Mohammadian et al., 2013; Ahmadi and Bohrani,
.2009)

o835 sbate wlie (B 3 o154 &yl 59 S3ST
alold ools el U wizily ol Jakusko et al. (2013) .ol oids
2 b GBI G bire ©)god xS &b e s«
2 aSg Ve fl) By 6515 L b a5 il s e
Galiskan et al. Lo wgy oS )0 (@ipeyio )d g O & &0 o
Ngala et al. (2013) Jolio y5 .ol oais jo)l55 55 (2004)
N3 39 (@rerie > 69V BY Sl) o515 51 a8 L0905 (3135
Lisson and Mendham gL .o il ced jly mime 2 ouiS™ 4l
P ade ¥ Ve ) oS as el o 5l SLs 55 (2000)
Linum ) S5 asils 5 (359 = 6yl —ine )31 (et
)l (usitatissimum L.

JS Sdid ouls u Slas
Poine J5 Suis o3lo 3,8kas  otolofl slojlos Lol
VOFY) Sois osle 3y Sdas )5 i (Y Jods) (p< 0.01) 54
K03 b A el Candey sles o STie I (S 3 p S olS
adg Ve g ¥e oS1)5 d Cond mpayio > gy Fe o515 ) aoxiS
2V J922) 35 Mg 65 ke SiS 03le 103 OF 5 A iy
(EI'Naim et cowl o (5,155 alie (s89) 3 4,500 Cladss
a5e ) ;505 slaeSly ,» al., 2010; Caliskan et al., 2004)
s Bld &y Jg plal Bl a8 g S5 St g (@pesie
2 45 YY) 55VLs slanS|ys 4 Cond o 1oy )3 sy S
(Umar etal., 2012) 1l o ials Sis sole 3 Slas (@50 o

OS] g s 4l sl L5 5 55 aoeiS plS ) ey
sl S (30505 9 St S sk & el S99 (gl sine
7 Jgiz) 45 osalie Colgok 9 (Wol pB)) )5 cos iy JguaS
3 gl 4 el ooy i Slidiss Sy ol a5l dgmg b
Sy g ol 4 OBLS cwyiwd e 4 basye JomuS )0 aiby ol
coil dg il (Jg .(Jakusko et al., 2013) Wil o olie
b as olasl gl g dlge ool 3 a3, Uy a8
O 03ca] Cawddy I ime g (ke Siuwods oMoy .ol iglite
(P = -0.517) g > JousS 3t Uy JouuS > asshs slass
ol 9 el oS 5 Slee slinl WSl s Lalg, eauiSugl
s e 53 &3 15 st 3 85 o) 3 35 isles]
by 1y &gy )0 JomuS dldad o 508 g

wlayly 059
9 w51 oless & Gl ) &l i ()9 0 Ses (slial o
53 o 53005 5 55 I8 s o8 3 oST5 lio 5)
39— pL8)) i 3 (V Jo92) 392 )l gime Cdo ol 2 085 (ol
Gl yl50 g bawgie b) (n FeuSiw Caly gb 9 V Gl 68 oy
(5 VINY &ls jl50 (59 bawgie b) (nySuw Sl o8 5 ()51
ol 55 ale Slabl5S sl (¥ Jpiz) 555 1l ol
oo b als i i 5 518 (slacassss 5 o) o8 ol
(Adebisi et al., 2005; Roy et al., 2009; sws cglae
Ll jlsa 59 a8 canl 0oly lis by )y Uzun et al., 2006)
iy jlg adlboe (o) GalS 3 Sles s3> o pOld
S-S B e Jolse 156 cov 508 g 0392 a5 VL



IVAY oyl F 0 yloid I8 s ol ol (o£1)5 Sleindgly a9 pii  AYF

PaSe ¥ gV 11,5 90 (Y Jodo) (p<0.01) s b sze
3,8 Jols 1y asly oy Sae i ¥ il o8y a po o
Iy &by oySlos oy S wS15 daw yo 0 Jda 18y 509 4l 5 )Slos
e 1 51y Gl B e 3 e 81 (Y JSL5) o ol
aie oy i Lol il ioliel als 5 Slhas xpo yio )> &g ¥
Gl L 3) cnl 4 gy 390 BLEST U 05) 4 bgaye a8l
S s A5 2 Slos Lo > YA moyoyio 0 dig Fr a4y Ve jl (ST
sy iolial 4y e o |y dieg o515 50 3, Sas d5us 3505 Mg
Cos Sy 2 4l 305 g @0 a3 JgoueS ol Ulata 5 i
5y Slas cpund )5 23315 bl jlogga pldy) cad) co ol
B w8 j2da (e 39 pB)) plod el el Bl gllas
LA bl b mpoyio j3 &gy Feay Vol oS5 o3l b aslscSs
Lo WA licST 50 o8, a5 b 5o aud dalge ails 5 Sloe
A8yl (Jules 8, s bl cpl ol flas 1y o Sles 20580
) o5 S il G 2 Shes @peyte 3 g Tr o815 5
P3| colas il 5y Slos «wusS oy yipSThie jo a8 s j3 w5 S

D92 S )3 oS el B el 5SSl L e

OOltan ;ws ODarabl &, ol)s  BDashtestan2 g s

Sis ool 3y Shoe iy 8l a S il KT Liolojl ool ls
3 Ses 2al331 L log) qupnyie 3 @532 ¥+ 5l VL o515 )3 o398
O 0dcal Coddy I3 e g (hie | Samad bl gos ol yo 4l
(P qoyoyio a5+ o515 50 aily 5 ,Shoe ¢ St 03l 3,Slas
A3l e dndyd ol oaiSapl = -0.787)

Oalay Sid o3lo 3y Slas 155 5l aslllas 5)50 pl)l 0
035 onls e o Cn e (V Jgie) il 3929 (6l ine
o5 ol 3oL i Sy a5 b o3, Kt 3o 3 Sl
Sid 03le ,Slos g 48 aLE Dlaw a5 o cpl 4 il e
ogdeas (17 = 0.847) 5,1 3539 (615 sino 5 waiitns (SKiuurod
Slgi o Siid 00lo 2,Slos blod I 8l cgles oS cuily angi Al
3Slas 525 o 3103l 35 018 glite (S5 Jpuile 20
eyl Ko L auwlio o pl)) 51w pYL Sis ools
Sy3me B 3 ) ol (SaigsS) e 53k sosimrhis
Lol adllao

dily g Slac
a8 asls 3Slas ol iiSeny g 08, 5 Sy bl

B0ne_branchnaz «sLs < 6 @ Yellow white cylyel, B Halil Jl»

a

1500 ~ ab b
9} W 1250 - a
a i £
2 g 1000 g I
i%i - 150 4 7,
v, © o
3 % 500 + £
iE = %

n
2 0
40 60

(@roye » wig) Alises glapS]ys
Different densities (plants per square meter)
T 33 (5,15 gre Cgldd S puie By SU JBlas 511> o pSilo o515 g2 10 a5uS o8, &ild 5 Shes 1 pdy g o515 e HI-Y IS
W, a0 y3 0 (g ,b]
Figure 2- Interaction effect of plant density and cultivar on sesame seed yield. In each density, the means with at least one
same letter have not significant difference at 5% peobability level
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Figure 3- Interaction effect of plant density and cultivar on sesame harvest index. In each density, the means with at least one
.same letter have not significant difference at 5% peobability level
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Introduction

Sesame (Sesamum indicum L.) is considered as the queen of oilseeds for its high oil quality. Sesame oil is
rich in micronutrients, antioxidants and essential amino acids as well as polyunsaturated fatty acids. It has been
well documented that agronomic practices such as time and rate of planting will have a direct effect on sesame
grain yield, oil content and quality. Therefore determining the optimum plant density is very important in sesame
production.

Material and Methods

In the current experiment, the effect of different planting densities (20, 40 and 60 Plants per m?) was
investigated on agronomic traits of six sesame cultivars (Halil, Dashtestan 2, Darab 1, Oltan, Yellow White and
Naz Tak Shakhe). The field experiment was carried out as factorial layout based on randomised complete block
design with three replicates in research farm of Seed and Plant Improvement Institute, in 2016. Each
experimental plot consisted of four adjacent rows, 5 m in length and 0.3 m apart. To achieve the above-
mentioned planting densities, sesame seeds were sown 16, 8 and 5 cm apart on each row on 6™ June. If required,
the seedlings were thinned at 2-3 leaf stage. The crop was irrigated according to the conventional schedule for
the region. Weeds were manually removed throughout the growing season. At physiological maturity stage, two
middle rows of each plot were harvested for determination of yield and yield components. Data analysis was
performed using SAS 9.1 and means were compared by the Least Significant Difference (LSD) test at the 5%
probability level.

Results and Discussion

The results showed that all measured traits except 1000-seed weight and harvest index significantly affected
by planting density. Also, the interaction between planting density and cultivar was significant on the number of
capsules per plant, seed yield, harvest index and oil concentration. At planting densities of 20 and 40 plants per
m®, the maximum grain yield were related to Dashtestan 2 cultivar. At planting densities of 60 plants per m?, Naz
Tak Shakhe was found to be the best cultivar regarding grain yield. Although the increase in planting density
from 20 to 40 plants per m?, could increase grain yield in all cultivars, the highest grain yield was related to Naz
Tak Shakhe cultivar. Furthermore, increase in planting density up to 60 plants per m? caused severe grain yield
loss in all cultivars except Naz Tak Shakhe cultivar which showed 18% increase in grain yield.

Conclusions
In general, it can be concluded that cultivars characteristics could be considered as essential parameters to
determine the optimum planting density. Therefore, if the plant density is adjusted in such a way that plants
could be able to use the environment and agronomic inputs factors with the minimum intra-specific competition,
maximum economic yield will be obtained.

Keywords: Grain yield, Oilseed, Oil yield, Plant number per area, Yield components
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Table 2- Analysis of variance of the effect of foliar application with distilled water and calcium chloride at different growth

times of Chamran wheat cultivar on shoot dry weight, plant height, spike height, flag leaf length, spike number per plant and
spikelet number per spike
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*and **: respectively, the significant level at the level of 5% and 1%. ™: no significant difference
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Figure 1- Effect of foliar application with distilled water and calcium chloride in different times on shoot dry weight of wheat

(Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 2- Effect of foliar application with distilled water and calcium chloride in different times on Plant height of wheat

(Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 3- Effect of foliar application with distilled water and calcium chloride in different times on Spike length of wheat

(Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 4- Effect of foliar application with distilled water and calcium chloride in different times on flag leaf length of wheat

(Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 5- Effect of foliar application with distilled water and calcium chloride in different times on spike number per plant of

wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Table 3- Analysis of variance of the effect of Foliar application with distilled water and calcium chloride at different growth
times of Chamran wheat cultivar on number of grains per spikelet, number of grains per spike, number of grains per plant,
grain weight per plant, 1000 grain weight and harvest index.

Mean squares sl o il

EHLIIREY] EHARIREY] EHAIKEY &I 39 S 059 LS
a3 o
CHJWS PRI ~d ] o )3 A dg ) dg ) &l il
Source of variation 5! Number of Number of Number of Grain 1000 Harves';
d.f grains per grains per grains per weight per grain index
spikelet spike plant plant weight
“_g’lf . 2 01" 05™ 17.4™ 0.6™ 252" 289™
Replication
ihdsbee ol 6 01" 329™ 196.5 ** 03" 21.4™ 44.8"
Foliar application time
o & 1 0.1™ 0.6™ 0.1" 0.1™ 115" 48.2°
Solution type
Jobe g9 % (Bl Jgle oo
Foliar x Solution 6 0.1"™ 217 ™ 3222 0.4m™ 123 ™ 21.5™
application time type
- 26 0.1 23.8 0.1 0.2 124 12.2
Error
(30)9) Sy e p
Coefficient of Variation - 9.5 103 0.5 118 8.7 7.1

(%)

b pxe BMA] W88 NS bl o Mo )d N 5 doyd O e ) (40D ize prdaw ey . 9*
*and **: respectively, the significant level at the level of 5% and 1%. ™: no significant difference.
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Figure 6- Effect of foliar application with distilled water and calcium chloride in different times on spikelet number per spike

of wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).



VAV ylio ) F 0 ylod I8 s (ol ! (o815 Slesidg s a3 pis  AF S

azmliias y3 4l Slass

Number of grains per spikelet

distilled water calcium chloride

Treatmants Layle.s

015 days before flowering aflowering

15 days after flowering E115 days before flowering and flowering

BAflowering and 15 days after flowering E15 days Before flowering and 15 days after flowering
@15 days before flowering, flowering, 15 days after flowering

(o2 98,) @8 dodivw 53 13 31asS 2 Coglie (Saslo )3 pamall 30,18 g e LT L Sy Jolbono 51—V JSU5
(Wl o0 )55 dwr (elie il (gl (glalae (gl )5y Li)
Figure 7- Effect of foliar application with distilled water and calcium chloride in different times on Number of grains per

spikelet of wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).

60

50

40 -

30 4

20 4

bl yo wls sluws

Number of grains per spike

10

distilled water

Treatmants  L»,Lo.

015 days before flowering [flowering

m15 days after flowering B15 days before flowering and flowering

BAflowering and 15 days after flowering 15 days Before flowering and 15 days after flowering
@15 days before flowering, flowering, 15 days after flowering

(003 3)) @45 Aliiaw 3 s 31as3 3 glite (S 3Loj 53 ol 4,15 9 e Ty (Bl Jolbono 51 —A S5
(3Bl 55 duw o 3 il (s slaluo (5185 L)
Figure 8- Effect of foliar application with distilled water and calcium chloride in different times on Number of grains per

spike of wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 9- Effect of foliar application with distilled water and calcium chloride in different times on Number of grains per

plant of wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 10- Effect of foliar application with distilled water and calcium chloride in different times on Grain weight per plant

of wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Figure 12- Main effect of foliar application time on harvest index of wheat (Chamran cultivar)
(Error bars are the standard error of the average of three repetitions).
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Effect of Calcium Chloride Application Time on Reducing the Effects of Heat
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Introduction The negative effects of heat stress on plants are serious problems, which often cause damage to
crops throughout the world. In addition, the issue of global warming increases the importance of the heat stress.
Currently, to increase the resistance of plants to environmental stresses, some chemical compounds are used that
improve the metabolic activity of the plant. Calcium chloride is one of them and finding the appropriate time to
use it is important. For this purpose, the present experiment was conducted to investigate the effect of calcium
chloride application on reducing the effects of heat stress on yield and yield components of wheat in Ahvaz.

Materials and Methods This experiment was carried out on wheat (Chamran cultivar) plant in a factorial
experiment based on a complete randomized block design with three replications at the experimental farm of
Shahid Chamran University of Ahvaz during a growing season 2016-2017.

The solution type was used as the initial factor: 1- foliar application with distilled water, 2- foliar application
with calcium chloride (10 mM).

The application time was used as the second factor: 1- 15 days before flowering (A), 2- flowering (B), 3- 15
days after flowering (C), 4- 15 days before flowering and flowering (A*B), 5- flowering and 15 days after
flowering (B*C), 6- 15 days before flowering and 15 days after flowering (A*C) and 7- 15 days before
flowering, flowering, 15 days after flowering (A*B*C).

Results and Discussion Regarding the mean comparison of traits, a calcium chloride foliar application on
traits such as plant height, number of spikelet’s per spike, grain yield per plant and harvest index were not
significant (P<0.05). The 1000 grain weight increased under different time traits of calcium chloride foliar
application. The highest 1000 grain weight belonged to the calcium chloride foliar application during two weeks
before flowering. Foliar application of calcium chloride at the flowering time as well as flowering and two
weeks later increased the shoot dry weight. Grain weight per plant was increased in all treatments with calcium
chloride except for foliar application at flowering and two weeks before and after flowering. The highest amount
of grain weight per plant was obtained in the calcium chloride foliar application during two weeks before
flowering and flowering, but no significant difference was observed with other treatments with calcium chloride.

Conclusions Looking at the research, the positive effects of the use of calcium chloride in some plants have
been shown under stress conditions, but there is no consensus on the best time or best type of it. Induction of
heat stress at the onset and during the flowering period by decreasing pollen and ovarian grain yields prevent
fertility and thus decrease grain yield. On the other hand, when the plants were in the post-flowering stage and in
the grain filling stage exposure to high temperatures, heat stress accelerates this stage and reduces the grain
filling period, thus reduces yield. Under heat stress conditions, the use of calcium chloride improved some
properties such as number of spikes per plant, seed weight per plant and 1000-grain weight, and the destructive
effects of heat stress on the plant. According to the results of this study, application of 10 mM calcium chloride
concentration two weeks before flowering is recommended to reduce the damaging effects of heat stress in
wheat.

Keywords: 1000 grain weight, Flowering, Foliar application, Heat stress, Number of spikes per plant
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1- Crude protein
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3- Ash

4- Neutral detergent fiber

5- Water soluble carbohydrates
6- Organic matter digestibility
7- Metabolizable energy

8- Net energy for lactation

395 5 (LS 3 1) Sy e ) (oS35t (g 355
2 05 Ve aia @)Y sl ol ol lind 018 o (i
S Joallgiws 3l g Jloydy ©jgon cutS loj 5 (LS
Tolaw 4 d> g b plool dliy 9 (gon AS g &jlwolsl gulaws
Oy S Y Jolis )y SS pa (gyles LSy g Laygisls calises
w8)5 i 3 e V1B ol yoys 9 jle 0 0 pa Jobo g (o]l
Sy g Lol g o Bl Ve alolb b candy b Jols &5 ai
b &B)S L5 )3 e yie ) g ¥ ST b yie 5l YO sy
Yoo Cans a olowd slodgs ol 5l g SB 905l ol wlul
PSokS Vee g0yl 355 e Sl IS )3 Al g5 p S0k
ey Cliwd g gt jIP205 ©)go U 53 (alls s
A_A»d)_.m‘_;);V—AAB)A)JJ)MU)wc\:)i)M;9WK
Gos b plol didy ja lawg )0 WWAY Cuigud ) £ Zu )l o culs
Szl o 5 Syo il 659l sl D9 yro 8l Y- 44 cilS
slagsylal i) plogl gyl csls 1 am alolidl da s Sy
39y i 5o Ly i ailato lsn g o Ll 4 argi b o e
olS () olS sl Gloj U 5y lacile L oj)le S ploxil LS,
plosl (SOl g,y dn (db Lnled 5o slacale s, Judoo
Erepe S glansls Jl Bl | adgle 5 Slas (s gl 85
S5 S o Canl 554 1) (g A ey 3 55 1o
Bl (slagy pg> Jlo 3 9 Conl gy Cygods Glagy Jgl Jlo 5
9 C;‘_M.’]b)—’ ay/-£1y é.;)l_s ) ("\_’9)@ Lgldéslo L;Lmj).s )f).n )l
2 Sid bjg §pS0ill Gl e A g pSojlul Wl 5
ol ddgle a sy lhio dy L BAS (pjeT g o Suid dslw
Y-V olalad (95,5 oSt jl edlaiwl b o cusldy sladis
sy s u.mliwLo)i gl 5500 0 905 (g0 Bl
L yto il Vo y b a g w0 lwde gl L UPVC
Glod 50 59, VO Sdo 9 150D 03> H1,8 0\ LS Y/ iulS
.(Meneses et al., 2007) sa_s o3l ;1,8 S )b by e 4 35U



WAV Glawo F oylods N8 als sl ! ely) sledidg s g s AD»

5 g 38 Ly (Slpl aed 3 adgle 3 Slas iy oS
leoad 295 Sl Bpme pwaw 13 5 25 @ (op pomgf)
(Karimi Pashaki et )L Son 5 (SLSL 00,5 29 0 Juol>
2 Ol p S el Voo lide U pne &5 Wob lisal., 2013)
ol e 90,8 g A 5 5 ) 5 ddgle 3 Slas (i U
00D s Sy o g doey i ol gl il a1y el
aS a55)S 5y)35 (Shabani et al., 2011) ) )LSen 5 Jlas
S odlo 3y Shos ko 15U Al 435 g 5 o3l
oYL e 5 yhd be e el )5 .crsh alucS, 4o
9 Ongind (G 395 (il Hles jl Sts abgle 5, Shoe

3 Jrols Sl psigal oliand 355 o 355 +onba ol
.(Thalooth et al., 2015)

S s glaS5g
Orimed 95130559558 355 ohag% (alrewd 395 jlade 1Al L
ghew pLS (9 i (390 oIS Cent (slas 8L 2 )8
bgiye (il slo)loss )3 pls (59 jlade o e 8L 38l
Jade Lo ¥ jo)ls 5 (S +abond 355 20> Ve jlad 4
5 bl ol3 8l ao gy Verdald d Cund &S 29 Juo > VAV
9 3oy VISA e am aalis jlos @ bgrye o] Jlade 208

(v JS)

LoV o) 48 )ogime o)y S Sl w3 (K58 S8
3pSdes o3 Ve U jio g | ol 365 B pae (ol
Aoy Ve e 45 (6yob 4 058 Iyl Suis g 5 adgle
J52) atls 5 ¢ oo & G | 3,8ka (i liosd 355
3 oS 95 3 mlS 9 ¥ gl HimaS 9y (s 355 o (Y
2 9353505 g5 aald 5 ¥ o5l e dp Cand (5 piin 3o
(¥ Jgiz) 285 )15 (o)lel 095 S
aS 10,8 )55 (Patten and Glick, 2002) 5 4 5L

Ml sile il (clapunsilSn b 0lS w3y o33l el ST,

ool S T 15Le loigesm Mg o Jsboels sloclind
9 i g e 03 oLS 3y Shos (olj8l cnge (S e
sleg S a0 Ly (Mehnaz et al., 2009) Lo

Sl g dol Sl Jgail adgs Ly o9l obgegagus
ObalS Sois ()9 92, Slae Glul58l corge Gliud 0aiiS J>
Lol howg polie Ol 93 Shos (ial381.003)5 o0 Cilie

P pais il ok SR 4 g 4l bl S Jslore jaud il
=t ol g LT g o) LS 5 qaos )5Sl g ddy) dnwrys

(Saeednejad et al., s il o s SB » pole Sp ol
dga0x |y olS (glaidy ) piunns (iiSTys g Ay yaud 35m0S .20128)
O g Amd e 5 b o |y glie dlge O Gl g e2)S
=l .(Day and Ludeke, 1992) sa5 oo yials' |y 5 Slos iy
sy 5l (Shahverdi et al., 2014) ) Kon 5 (63)50ls idgh

by Ml y Al po 53 (Glagdis C e il ot (Kiyh SIS adgle 3,Shos il lg 42325 -Y g
Table 2- Variance analysis for effect of nutrition management on artichoke forage yield affected as in vegetative growth stage
of artichoke
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Table 3- Effect of chemical fertilizer levels on artichoke forage yield in vegetative growth stage

5 adgle > ,Slos

st :,_S_ Wet forage yield(t ha™) - ‘e’l&_ > .
Chemical fertilizer Dry matter yield(t ha™)
Al 22.86 ¢ 2.97¢
Control
b 355 202 0 40.15b 5.23b
50% Chemical fertilizer
b 355 203 V0 5218a 6.79 a
100% Chemical fertilizer
) 355
Bio-fertilizer
aald 36.25 b 471b
Control
O35 39.77a 5.18a
Nitroxin
Yook 4.85b
Barvar 2
Y opl oS 5 4026 a 5.24 a

Nitroxin+ Barvar2

A8l 05 (P<0.05) jlo gre BMB] glyls gt s 4> S yidio By > L el
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 1- Mean comparison for the effect of nutrition management on the crude protein percent of artichoke silage
(Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test)
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Figure 2- Mean comparison for the effect of nutrition management on the Neutral detergent fiber of artichoke silage

(Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test)
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Figure 3- Mean comparison for the effect of nutrition management on the ash percent of artichoke silage (Dissimilar letters
indicate significant differences at the 5% level according to Duncan’s test)
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Figure 4- Mean comparison for the effect of nutrition management on the water soluble carbohydrates of artichoke silage
(Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test)
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Table 4- Variance analysis for effect of nutrition management on some quality traits of artichoke silage affected as in
vegetative growth stage of artichoke
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df P gy Pl gy A adagw 2 Jelowl BUIT puss
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)'_)"" i 2 3.31™ 0.507"™ 0.484™ 3.805™"
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* *kx

oy i 9 S el maw )3 5 e g ) Gxe e ol 5y X gFF NS
ns, * and ** indicate no significant and significant at 5 and 1% probability levels, respectively.
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Table 4 (continued)
Slaz o (10ke
Mean Square
i gile a8 . JB (g5 o529 855!
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df < Organic matter Metabolizable Net energy for
Water Soluble digestibility energy lactation
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) 295 X glrod 365
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s
22 0.041 0.644 0.016 0.008
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(ho3) Syt a2 222 18 1.94 245
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k kk

oy iy 9 Sy Jlain] o )3 5 gime g ) pxe s o gy X gFF NS
ns, * and ** indicate no significant and significant at 5 and 1% probability levels, respectively.
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Table 5- Effect of chemical fertilizer levels on some quality traits of artichoke silage in vegetative growth stage
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Y a9 5
Nitroxin+ Barvar 1.75¢ 45.32b 6.61b 37D
2
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 6- Correlation coefficients between some qualitative traits of artichoke silage
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Introduction

Artichoke (Cynara scolymus L.) is an herbaceous perennial plant belongs to the Asteraceae family (Ziai et
al., 2004). Artichoke silage quality was less than alfalfa silage but it is as much as corn silage with lower seed
contents and was more than sorghum silage and the palatability of this plant increased after ensiling. Application
of Integrated Nutrition Systems (IPNS) based on the use of biofertilizer is one of the most important factors
affecting the sustainability of food production and soil fertility. Researches have shown that biological or
chemical fertilizers alone cannot be used for sustainable agricultural production, and in most cases, bio-fertilizers
as a supplement to chemical fertilizers can ensure the sustainability of production in agricultural systems.
Regarding the importance of nutrition management in plants, the present experiment was conducted with the aim
of investigating the effect of different fertilizer sources (bio-fertilizers, chemical fertilizers and their integration)
on yield and artichoke silage quality in Isfahan climate conditions.

Material and Methods

This experiment was conducted as a factorial based on RCBD design with three replications at the Research
Station of Isfahan Agricultural and Natural Resources, Iran, during 2014-2015. The first factor consisted of
chemical fertilizers at levels of 100% chemical fertilizer (200 and 100 kg ha™ NP), 50% chemical fertilizer (100
and 50 kg ha™ NP), and control (no fertilizers). The second factor comprised bio-fertilizer at levels of 1 liter ha™
Nitroxin (include Azotobacter, Azospirillium, and Pseudomonas), 100 gha™ Barvar 2 (include Pseudomonas
potida and Bacillus lenthus), 1 liter ha™ Nitroxin +100 gha™ Barvar 2 and control (without inoculation). Seeds
were sown on 26 April 2014. Chemical fertilizer (urea and triple superphosphate) applied based on soil analysis
results. The first half of the nitrogen fertilizer was utilized as strip takes under seed before sowing and the rest at
7-8 leaf stage of the crop. The plants were harvested at vegetative rosette stage. The harvested material was
chopped and stored for about 75 days in laboratory silos. Wet and dry forage yield and Silage quality indices as
crude protein (CP), crude fat (CF), ash, neutral detergent fiber (NDF), water soluble carbohydrates (WSC),
organic matter digestibility (OMD), metabolizable energy (ME) and net energy for lactation (NE,) were
measured. Analysis of variance was done using SAS ver.9.1 software and comparison of the means was
conducted using by Duncan at 5% level.

Results and Discussion

The results showed that soil fertilizer management systems significantly affected forage yield and silage
quality of artichoke. Increasing the levels of chemical fertilizer increased wet and dry forage yield. Among the
bio-fertilizer levels, combined fertilization with Nitroxin and Barvar 2 and application of Nitroxin alone had the
highest forage yield. The effect of integrated fertilizer management on silage quality was higher than the single
application of chemical fertilizer or bio-fertilizer. The highest CP percent (19.25 %) and lowest CP (7.68 %)
were obtained by 100% chemical fertilizer + Nitroxin+ Barvar 2 and control treatment, respectively. NDF
reduced with the application of chemical and biological fertilizer and 100% chemical fertilizer + Nitroxin+
Barvar 2 had the minimum values of them. The highest amount of WSC was related to 50% chemical fertilizer at
all levels of bio-fertilizer. Application of bio-fertilizers increased the OMD, ME and NE, compared to control
level. Also, these traits increased by the increment of chemical fertilizer application.
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Conclusions

Based on the results of this research, using 50% chemical fertilizer + Nitroxin+ Barvar 2 can be
recommended to improve the silage quality of artichoke.

Keywords: Metabolizable energy, Net energy for lactation, Organic matter digestibility, Integrated nutrient



Iranian Journal of Field Crops Research
Vol. 16, No. 4, Winter. 2019, p. 861-879

A

Olnl =y Sl gy 4wl
APA-AYA .o AFRY o oF o loid I als

ALE LG 5555 Aal Cu e S0 Co Y10 O3 dshe AS 5 seS 5 Shes b

A - *Y \
S3 dol =705 e (g — ftlenly g Jaes
YRRV VP 18l 55 gt

daSe>

39008 510k (659l y> Lol Mo 1 (o g sl gl ST S 9000 g > g polic 1S o pta wl ol (sl
&Y game sLoley (05 52 (55,0l bl 3 Jlolge Gl el Ll BB 5 o3 (San (slael) 1 (S adlipo o Sla g ST T lse
sobis Ghalidlecel ol g oad SB (09)She callad (Il sl CungeeS s0)9 9 CumgeaS” jlooliul jlul (g5ysliS 5> ol S 4y (e
Copde (bl ol L))l jekiie 40y JLis 4 1) ol); olS 3 )Shee (il pl g 00035 Bras ol Logas olS 5L )50 olie
Joly olBiily Slados deyzo 50 WYAD-F ely5 Jho > dolojl ((wyd95 v8)) Y5+ o8y )3 ddgle CutS § cuaS p cudldy oloj g (365
355 Cape (il e il golaw Jold ol 5956 05 plsl LSS a3 (Bolat ol slacSsh aly 25k B > Jo)eSlh ©jg0n
Voo cCiwgnoS oyg o yd Fo iCavguoS oys Moyd Vo paiS (6Ll doyd Qv puS (6Ll Mo jd £o paiS 6bls Moy Ve wals) tpdaw 03
Loy Ve g pasS Ll ao ) £ 0gM)a CungoS 05 2oyd ¥ paiS (Ll doyd A 09Mny CawguaS' 0y duo)d Vv cCawguaS’ 09 duo )
alllas 3590 Slao 39 (S0 9 (b Al o 53 il ) srdaws 93 0 Culyy loj g yeSE g (P45 (SLl: duo)d e 09May CuvgeeS 50y
b g 3y Slas g 5 g Aoy ol )3 Jlme ()8 (Slal e (St o3le s Sl bl StS (g (S KB g Sl
A o iiSen 3l a8 ol L osls il ylg 4o puls de yiwSE g (s odigd ) Jeloeel GLIN ¢ gl a9 5 Jolol BLI pls
52l 2 oo 008 lachin 1o (St 3lo puin Sl bl SUS (g Sy KB (g 2 (6255 Co e Sl pls L cuily,
9 bl adsyo S Gne Jlow juuSE doyd g ol (T o> Cullyy dls o Sl ionen gy I3 gine gl odgd > Jaloel LI
D9 losine (5 0dngd ) Jaloal BUI (6395 e (Al i 03l 1 g 5l e Pl b 80)> o (9395 e (Al o ]
CorgaS (sayg 40> Vo 3,8 Ll b 53 9 ald (A (6 als yo 13 (5 VADIYY) dBloo S (59 9 (p)5 VFF) S SUid (g ooy
Lot b iy «Sts odlo muin Sl (gl olS 48 35500 Jols Sloj gllas S ol Cunsty puiS (Sbley 20 ¥ ogdlea,
sl a8 bl doyd o g CangueS (g0pg 203 Ve 9 Fe slacind jl odlatul (ST ok a8l (it S Ao g Ol 53 Jolxe (S
20,8 ddgle cuaS daupo

CavgpaS s0y9 bl ys (loj B gy puS LlEy s g0lS (sWojlg

b b 65)5Wes (Koocheki et al., 2007) cuol o555
Cuwl Hlginl SB Curs Doty Cas 0 Mg polie 25 cy pas
5 S T olge 338y (55,58 5 ol 09 51 (S, 5
doB pyalie il (—sly; classLs 3 il e of clag
51 T dlge 5 Jgmame @y dn S 138 dlge I glalas Mo
el (2L Sy jl las oo (nl 29,5 b 9d e ) ()
s pisan S5 (olge ofoge (2188 dlge 5 (65 s
Sl 2l 2B g o)) (pSee sl Sl 5 (S 055 0 Ll
N gaa s IS g 5,508 (D) > JTslge il
G s S & (LS bl (3,5 sl S 4 el

dodo
A ol Js o ables (g5)0lis ollee Sl (oS
(Kassam et al., 2014) cewl sy )iSa youdio VOO I i

Lo e Logas ol (65)5liS colpio (655 54 po3)
YU el jl cnis e bl la e dawy S b 2ly;

15 oIS «(55y9liS 018l (551581551 09,5 el sl 8> (ggrils -

I3 oty (55)5liS 2aSils elsS 15,51 05,5 eyl =¥

il o8ty (655l 01Kl ¢ 50551,S1 09,8 cdlial —Y

(Email: dahmard@yahoo.com 2 e 03k 5 — %)
DOI: 10.22067/gsc.v16i4.72820


mailto:%20dahmard@yahoo.com

IWAY (bowo) oF olod I8 o ool (o015 Slecdupgy 40yl AFY

Py S &S 2l> dawgs Jl)> )9S AF 13 48 (igekie o 5 e
(Chaudhary et al., xS e walyd w > aydssegu ol ) 5548
93 dawgs Jlo ;5 (slyeiS 1> &yd (gl LolES Vb Jl b.2014)
» ol s (Von Braun et al., 2010) ui aalgs b clolss
St Ay a4 Wy o @yd 3 Slas dlu e o cawl Jbs
e opl osil ela Jlo 13 9 Wb o ialS Loyd Yo 10 390
15 (FAD, 2014) s aalss iy 5aid el Sid e 4
039 )13y55 1 (b gy Jl y3l sladle > 0> cely o ol
4Bl by ixhio B)las g b gl i o ol Sl eslitl
POy eSS 5 xde w (Emam and Niknejad, 2004) ¢!
S o ol Mg g o390, i YO+ 3g9an YoNF Loy o]
(FAO, 2014) cuwsl odumy oy 532 oloxiy 9 Comgd 5 youleo

2 Spmae ddsio 3)lge alar jI0bj sl Jds 4 @)
y= o9 ol pl g0 S 0318 ooty nygulS I (6 b
S5l ol i sl s pd (sl Cgllan Hlws (slddole oS -]
olels ;1 S @y (Karimi, 2007) cowl caslio 35 b sl
o gl A 5 oS 3Skae bl oo o ol Sl
S 6 Jalye ol soasin slnygiSTs ccnl o o
AU adgle codS oy S BB it aome Jolse 5 i pde
Rden L (pwgSae adaly ol 5Slas g ddgle oS )18
5 Cp ek §l (S sl Lo [(Sedighiniya, 2003) 45l
9 PLS g Glgin) gle CudS 5o (slaygSE (g5 Lol
by adgl Jolye 53 o8 labgle a0 (S 03le puan b
Leajls el sl 1y alie (050 cn sVl 03,5 oo iy (o)
5 Shad Jhe3 2 b s by oo )3 0l G il
(Ghanbari et al., 2009; Nazari 33,5 . sbul )] pin cubls
Lol o)y oVl Siis oolo sy oUlg5 )3 45,51 et al., 2014)
Cl o pLs gy (Slyime 330 oy 3 (ol St
cwlio yloj s Ly (Eskandari and Ghanbari, 2009)
3 g oS Bl | on e pls ddsle el e iy,
s sle e 55 5 Sy bt oS Slhogas
yobate 4 )3 plKin > il 9] Canday 1y 5,Slas g Mo
3 ol 93,5 o oS 3 Shes ialiEl Coge )] ddgle I ol
Ubgle CaiS bS5 093 bl 4 4 S35 b & canl Jlo
QS o Jros 500Ky GuSe Jole 93 ol ke talS
g s ) 3 gle sy (loj o omslie sl cplpl
23,5 ool codS onyine Ly oy Slhos (VL ol dxis 5
(Rezvani'moghadam and Nasiri'mahalati, 2004)

3905 A d2gi b olpl HeuS )3 4d 0)l3l (358 55 & jshailen
Cpenl gladgle )3 8 g dgdl o pla oLy o815 5 28 e
sl 5,8 5l il Jeoreci i j MSie L5 (glojs

ol a5 s S gl (ogase oy falS 5 by S
a5 05 ks SB 3 len Jols g Of (gilo 0pdd cud o i3l
wlyd g SIS clod Joiw (yinloyd jials 1 cute il ol &5
Ormed 33 SLE 53 ()9t pegad A e yolis (39
035 0 S lse Sl col (alS bl (o )b 40
Cowl dlunly (plowd 9 (S50 Oluogad 4 s 4 S cuas
Govaerts et ) 3l o (Sojolon Sluogad b (Sodp bl asby

(al., 2007

by o a plai e jobay 1) (SLuS 5 ¢ Jld (gl i S5
Dl i8l g 0dy SO0 Sl 5 opl S e 03] olS ausy
e 1y (63,58 £95 o JWd 4 a8 sy S 9,500 dxels
95w aely> cuonl (Bending et al., 2002) was o )8 55
2945 el (ot i 5 dy S]35I (ol
DS o Uil 23l oo olS Mg 008 e o S (slain] 3
(9,5en Sl S8 551 55t oaiSgisme Jale (et
S a5 gl (S slge By sl JI S 328
Y (13935 (S Slp oM 4 o (Slaiog S 298 03958
2 SBUSS zie 93 4353 5l 3)90 0308 5 pralS 0565 qualiy
a0 ddlsl Jolge g S 055 132550 yolis opl i
ol LS Ll s SLATL pplplsy s (Sie S
Juan et al., ) oS pladl 2L Lld 450 4 g, See
4S aiwn (lodas Jole 42 Sk 03905 9 u;)f O‘}.ﬁ.n .(2008
(Yuste et al., 2007) 1,135 o ;b S 9,500 culld (50
WS a5 il el o cal JTosle S cavgreS 0)g
Dydie S0 Ol (IS cudils (Il g cugb, yuin s
sl (2lie polic 35 o0 el CungoS (00)9 53 S92 90 ()5
yolie Ola a4 B ol g o 5] alS Md) wiw p cBlgSs
i)W [(Alikhani and Savabeghi, 2006) 35,5 o olie
Cdleb il sl CoguaS nyg 5 Cumgee izl
oL 5L 0y90 olis yolie Lilidl el pl 5 oad SB 09,500
=hi olS 3 Sdas Gl ool 9 0030,5 Bpas  polis Logas
(Aranon et al., 2004) 5,l> Jlss « |,
» S i (Zea mays L.) w)d o <ly; olls oy
Baoe @)d il ol ooliiwl S o sl ply g o lusl (glie puols
Mg 5l a3 VO 3ga s a8 )5 bany ] s i & jg0s
35 s o5 Laply Ll 3 able 5oy )3 Sl
otk 5l S @3 (Bozorgmehr and Nasrabadi, 2014)
Los (sly 5 LS fyguden VAL 51 i 53 &S sl (glasls M
(FAO, sl (35 ggmshee Voo 1l o g5 g 9900 S
= o (Triticum aestivum L.) paS ol ) on 4y y> .2014)
ot slp ly plie )8 s ¥ il (Oryza sativa L.)



APY  aLS Ll g 395 Al Gy pote il o Y5+ )5 ddgle S g o8 8 Shos b3,

W g, g g

CaS p LlE 5 (6955 Copde (A pluw (obj)) jskate 4
Jbo 3 talejl ead) (Sojolgd alsyo 93 )3 &3 dgle CuiS
Cygodny Jolj o8 il Sladss dc)io 0 YA _cly;
IS5 s ko ol (slacSyl ol oo B 3 55
Ll aoyd £r paiS sLld o pd Ve cald) rpdaw 63 jd (4365
J_;.o).)?' c&_w%.«fu_n” oy Y. ‘ra.\:S LSL’LQ’ Joyd a-. ‘fa.xlf
L_A_w}‘.of‘_;c)s o yd e 4&\.»»%@5@)9 oy Voo ‘M%Jw”
5o ogMedy CunguoS 0)9 o pd ¥r puiS (bl o> Ar oMoy
Loy Ve ogMledyy CawgueS 0yg Jod Vo g puS cLld oy
2 sl y) rrdaw 93 0 by loj pgd He8 1 5 (pAS Ll
39 (S 9 5y Aloyo

)L’»Ss&’ ).)O_'; Ve LSLM)_s odlazwl J)yg0 u.w?a.ostsn)9 )]..\.OA
3yl S 55 5 A bl p paS bliy ljee g 0093,5 dvwlxe
(adlaio 3 paiS 1S g ol8 5, Sloe 1Sl wlul ) Conl 02335
5 b Glogad sl Gy (S a0 coils jl |8
() Joda) as Jiie oliolejl 4y g obesl olows

Al Gl e 4 g slrodled b g (S 635l pliond
=i slopliipg )l 5 s Soss 2 5 g AL Gl
4wy sl (Ibrahim'ghoochi et al., 2013) couwl ail
g S 0l b 5jysliS Glapiens 2l Hluk syl
g pelaie oy (g (s alrord SLwdsS B pao il
Sl 5 Fge JLSal) Job B a3 5Sdos i g Jpame
u_ﬂ 03lo o 139 L)y 5 0gMe uﬂ oS (Sharma, 2003)
2 Cosd il slasss 5l S sdse dlg e g SB Coods (gl p
A5l g el (elys plals adg o Jglie (sladgS b duslio
a5 L (Hirzell and Walter, 2008) cul is (59, (sgixe
5 liylojl plool 3] elo JuSiis o y0uS lon 5 o Loyl 4,
Ml CdsS g 3y Soe il Cge colie sl Sl 1))
bds g 65)glsS (ol 5l augg odlatul 5 (65)5liS” Y gae
Coponl & i bl (65)5La8 g ps I (b @l 5 &1y
Sty 13 35290 @lio I diue ol g y9-iS 53 ©)5 A
S ey glej (npSmlie e oo 9 jlub (65p9liS
o Bm Uy el ol S 5 8 3,8k 51 Jpuas
5 e lagali 1 Lle 5 358 Al Copte Sl plojen

5 plool el yy oloj g3 b @3 adgle LaS

SB olbows 9 (K58 Olwogad —) Joua
Table 1- Physical and chemical properties of soil

cdl EC Mg Ca Na K SO, oC T.N.V. N P JESES]
Texture (ds m™) (meq L™) (g kg™ Soil) (%) (PPM)  Porosity
w9 803 339 88 6 188 034 162 9.7 128 0019 6.11 35
Loam clay
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Table 2- Results of the decomposition of wheat residues used in the experiment

N P K

Protein C/N

042 027 179

2.53 23.04
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Table 3- Properties and combination of elements in the vermicompost used in the experiment

ocC N

P K
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1- Crude Protein

2- Water-soluble Carbon Hydrates
3- Dry Matter Digestibility

4- Neutral Detergent Fiber

5- Acidic Detergent Fiber

6- Crude Fiber
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Table 4- Analysis of variance (mean of squares) for the effects of harvest stage and integrated fertilizer management on dry
weight forage maize

Oyt @i Sy S 39 Blw Sid 59 N Sds b9 Jwb 039
(5.0.Vv) Leaf dry weight ~ Stem dry weight ~ Ear dry weight ~ Tassal Weight
’I’S“ . 2 190.41ns 111.61ns 226.71ns 7.01ns
Replication
il ale 1 1008.60** 10507.26** 16867.26** 21.60**
Harvest stage
255 S Rl phue 9 1601.25%* 2131.28** 5580.70%* 6.22%
Integrated fertilizer management
BLS Sbli 5 CuvgeeS 00yg Jlite 51
Interaction of vermicompost and crop 9 622.63** 690.48** 3397.67** 5.007*
Residues
s
38 122.59 81.56 157.34 2.20
Error
() Sl - 9.66 8.59 11.16 15.22
Coefficient of variation (%)
ns: Non significant Mo gixe p NS

*and**: significant at 5 and 1% probability level
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Table 5- Interaction of harvest stage and integrated fertilizer management on dry weight forage maize

welojl slajles SpSuds gjy e Sud ggy PSS ol el o
Treatments Leaf dry weight  Stem dry weight  Ear dry weight  Tassal Weight
Cudld yy dl> o 8955 oo (il e
Harvest stage Integrated fertilizer management
| (aald) gmassS pae 9  hi 10433 def 6133 Im 1033 abcd
Without fertilizer (Control)
kS bl 27 11633 cdefy 130.66 b 95  hij 933  bed
30% Crop residues
CuogenS o9 1T 92 hi 99 efg 53 m 11 abc
30% Vermicompost
SesgeaS sy 1 141 ab 10366 defy 9467  hj 1233  a
60% Vermicompost
kS bl 77+ 101 fghi 13033 b 71 Km 1033  abed
- 60% Crop residues
Milky S bl 7 9166  hi 95  efghi 8333 jd 733  d
90% Crop residues
CosgeeS g 1) 87 i 12533 bc 64  Im 966 abcd
100% Vermicompost
(LS Sblar # CampeoS9) 2041 11566 cdefg 109.66 cde 14567 de 10  abed
10+90 (Vermicompost+Crop residues)
(2l (sl umgeaS snsg) YoV 146 a 18533 a 13133 ef 8  bcd
30+70 (Vermicompost+Crop residues)
(AL Sl tomgaS o0 #F 5133 pede 9933 efg 17867 b 1033 abed
40+60 (Vermicompost+Crop residues)
| (ld) g8 pac 103 fghi 81 hij 10533 ghij 9 bed
Without fertilizer (Control)
LS bl /V 133 abcd 110.33 cde 112.67  fgh 10 abcd
30% Crop residues
CuogenS oy 1T 98  ghi 98  efgh 96  hij 833  bed
30% Vermicompost
oz i 8 136.66 ~abc 11866  bcd  101.33  hij 1133  ab
60% Vermicompost
S Ll 75 115  defg 89  fghi 17067 bc 933  becd
&y 60% Crop residues
Doughy S Ll 7 121.33  bedef 8666  ghij 15567 cd 933  bed
90% Crop residues
CeogeaS eesy 1)+ 98 ghi 71 j 8733 ik 766  d
100% Vermicompost
(kS bl +Camgeo 0p9) -1« 14533 a 9066  fghi 126 efg 1033 abcd
10+90 (Vermicompost+Crop residues)
(LS (L +CumgiaS g) VoV 12533 abcde 7866  ij 20467 a 1266  a
30+70 (Vermicompost+Crop residues)
(BT bl ragra g0, P 110  efgh 94 efghi 109  fghi 833  bcd

40+60 (Vermicompost+Crop residues)

L5 (gl gime gl Aoy gy Jlesn] s )3 (Sl (glatels w90l olsl ¢ S ptie By (gl (la 1y Sile gty
Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test.
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Table 6- Analysis of variance (mean of squares) for the effects of harvest stage and integrated fertilizer management on
quality traits of maize

3 Slos
..' pd . L e
G df DMD  WSC cP CF ADF  NDF  Ash O 9y
(s.0vV) Protein
yield
)‘,)S . 2 17.001ns 4.408ns 0.063ns 4.73ns 28.17ns 25.90* 0.14ns 20533.13ns
Replication
Cudl: abye 1 9367 897ns 39.60** 63.57** 5154* 12.73ns 3.27** 123685.2*
Harvest stage
5395 e ol s 9 16.16ns 1891** 097ns  5.89* 14.17ns 15.80* 0.33ns  545094.6*
Integrated fertilizer management
oS GLls g CavgreS 0y Jlize il I
Interaction of Vermicompogt and 9 25.52* 17.59** 1.114ns 3.66ns 22.95* 12.67ns 0.38ns 21067.8ns
crop Residues
ks 38 10.29 5.25 1.52 2.19 9.12 6.96 0.23 22682.94
Error
. (4) et w’w - 4,90 13.13 14.49 4.30 10.81 5.40 7.004 25.1
Coefficient of variation (%)
ns: Non significant I sme e NS

*and**: significant at 5 and 1% probability level

203 S g guy Jleis] e j3 )l e i g

CP= Crude Protein
WSC= Water-Soluble Carbon Hydrates
DMD-= Dry Matter Digestibility
NDF= Neutral Detergent Fiber
ADF= Acidic Detergent Fiber
CF= Crude Fiber

d_uslis .(Samuel et al., 2015, Lazcano et al., 2011)
byly s 5 s oole puin CublB oy iy a5 3l lis b, Ske
L y503 slalos 381 g del Cawday paS (gLl o pd £+ 5,18
e I3l s Vel b S 155 ()l 03,5 S 3 lous
Ll g CngiaS ayy 15U b mian i S 3l puin
9 8290y il SIS, olie o Jodls Gioli sl s a4 puis
ol s )55 (Ramroudi et al., 2005) Lo
poSsge i JB Suid odle ialjal el (10 395 9 (b
Uyl (Almodares et al., 2009) ,LSon g (pwytell g o0
il 29 e B St odle (595 398 Saal3dl b Lidges
Ygore man Cubll )l cilhe jolbs o)y gl b &S 2905 (b
oo L Gy pd Cyao g dgu oo dawlbre i odlo gl
g Gl gl Shg (ad ooll plgied win g 25d (0 5D
(McDonald et al., 1991) 54 & o o ya5 yi,l55 ol
L & Waged 5,155 (Mirlohi et al., 2000) )Ken § (9 yuo
355 By 5 (LS (Ll bawgs S )5 gy (i phl38)

8l Rl gl gme yoboar LB Suis odlo (59

4 Sy o ialS a8 3505 by (Arzani, 2009) il
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155 Wbl & G (5 gogllan CasksS ISy i 15y oo
oEalS adgle )3 Lacs 1 lide w9-b 00 @l olS &5 Glizen 4
She b by (S a Cus Bl oS Gpliean bie
WJidgse pbdy S Sy leidlo plae] cuond .ol gl Logil]
el 0al S5 (g3l 3B 0l b el sl Jols ]
Sl L 01l oLS5 (slmndl |y dblos woxss yishs 45590
4555 Ol ) Ao St et ISl 094 5 ST ¢ Jols
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» (Mohajeri et al., 2015) ,LSen g (s,5lpo i s nles
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Table 7- Interaction of harvest stage and integrated fertilizer management on guality traits of maize

izlojl sla)led DMD WSC ADF
Treatments
Harvest stage Integrated fertilizer management
(i) 3 e 67.08ab 17.22abc 27.02¢
Without fertilizer (Control)
P L 7Y 66.78ab 18.55ahc 29.92abc
30% Crop residues
SesgiaS o 1Y 68.93ab 19.20abc 33.20ab
30% Vermicompost
SesgiaS o9 17 64.32abcd 17.08abcd 29.23b¢
60% Vermicompost
kS Ll 77 69.72a 19.43abc 29.02bc
Eyd 60% Crop residues
Milky AL Ll 7R 64.13abcd 17.18abcd 29.09b¢
90% Crop residues
CowsiaS g 1V 67.6ab 17.93abc 27.39bc
100% Vermicompost
(o8 Sl gzt rg) 341 66.96ab 16.35bcd 27.67bc
10+90 (Vermicompost+Crop residues)
(25 bl #camgyaS ) Vo4V 65.43ab 16.60bcd 34.85
30+70 (Vermicompost+Crop residues)
((PLS (Ll +CumgiaS 0g) 7o4F 65.79ab 16.96abcd 28.12bc
40+60 (Vermicompost+Crop residues)
 (ald) a5 s 67.03ab 17.95ahc 26.42¢
Without fertilizer (Control)
kS Ll 27 62.96bcd 16.65abcd 25.22¢
30% Crop residues
CesgiaS ooy 1Y 59.23¢d 12.93ed 25 36¢
30% Vermicompost
SesgiaS o9 150 69.06ab 20.39ab 24.32¢
60% Vermicompost
P Ll 77 64.13abcd 21.17a 24.62¢
Ive 60% Crop residues
Doughy AL sLle /2 63.82abcd 15.58¢d 28.02bc
90% Crop residues
Caw JARE
355029 ; 65.68ab 17.57abc 26.83c
100% Vermicompost
(PLS (Ll +EumgiaS (09) -1 65.06abc 19.11abc 27.25¢
10+90 (Vermicompost+Crop residues)
AN 58.50d 10.78¢ 28.42bc
30+70 (Vermicompost+Crop residues)
(a5 Sblay #camgyeS ) 7 4¥- 65.93ab 20.11abc 26.79¢

40+60 (Vermicompost+Crop residues)

B85 (I gixe Cglis o yd iy Jlein] a3 (Sl (lasels sz (905 bl 1 oS yrie gy il slapSile (g ya 5
Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
CP= Crude Protein
WSC= Water-Soluble Carbon Hydrates
DMD= Dry Matter Digestibility
NDF= Neutral Detergent Fiber
ADF= Acidic Detergent Fiber
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A8l ge S (bl 5 ol 35,55 355 51 (3 ol 3 Jsbows
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b jglate a pls o) el )3 plS (19 (S 0jl]
(National  s)ls ;1,8 d>5 3y50 BUiS)lgmuis [ileS Cunsyg
by Hlis Weals wilylg 450 zuls .Research Council, 1978)
coilyy adsye U ol jiiSany s 9 55 (il (clapiu odlw
Slopis g Cobly dlsyo Sl piman (5 Jgia) 255 55 ixe
aS ol i Lo pnSlae dulio Dlas lis 1y (gl pxe cgles
Wl (b (e Al po )3 (23 AVY) pB (g dop> (i
(A Jods) el canday
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Awls pla gy g ddole CutS 5 CunS l gu iy il
wsply 3 Al 5, Sloe (slinl 93 Sos iolidl dals Jlie )3 5 ol
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3,5 oo dbgle ChS bl ceel i Sl o s
=5, (Sarepoua et al., 2015, Hatew et al., 2016)
aS 5,8 floog s imgi pln 535 o (Arzani, 2009)
Cyd ddgle poan LB Sis odlo g B pgpn doyd oy i
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Table 8- Means comparison effects of harvest stage and integrated fertilizer management on quality traits of maize

cobalojl o o cp CF NDF Ash a9 3 8las
Treatments Protein yield
C«.A‘.".)).g 4l>)46
Harvest stage
S 9.32a 33.39% 49.31a 7.21a 629.51a
Milky
S 7.70b 35.45a 48.36a 6.74b 538.7b
Dough
6355 Capto (8l i
Integrated fertilizer management
(eld) eansS e 864a  3432b 49b 6.92ab 490.12¢
Without fertilizer (Control)
S L 7Y 766a  3407b  4757b  7.08ab 543.17hc
30% Crop residues
g, i A 8.32a 35.20ab 50.46ab 7.04ab 456.3¢c
30% Vermicompost
g, it % 9.19a 33.53b 47.48b 7.16ab 769a
60% Vermicompost
S SLle 7 828a  3357b  47.74b  6.65b 569.1bc
60% Crop residues
LS bl /“ 8.40a 34.04b 48.46b 7.15b 565.3bc
90% Crop residues
CugeeS (o229 A 8.74a 34.10b 47 47 7.3% 479.3¢
100% Vermicompost
(S Ll Cmgie pg) 1) 852a  3473b  4934ab  6.65b 625.7abc
10+90 (Vermicompost+Crop residues)
(LS Ll +CumgieS pg) Vo4V 8.82a 36.85a 52.58a 6.88ab 696.8ab
30+70 (Vermicompost+Crop residues)
(LS (Ll +CumgiaS (0p9) 74T 8.56a 33.83b 48.45h 6.82ab 645.9abc

40+60 (Vermicompost+Crop residues)

B (gl sime glis o> iy Jlei] s )3 (S (glaials a3l ol 1 oS e g syl cloSibe 5t 5 5
Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
CP= Crude Protein
WSC= Water-Soluble Carbon Hydrates
DMD= Dry Matter Digestibility
NDF= Neutral Detergent Fiber
ADF= Acidic Detergent Fiber
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Introduction

The necessity of using sustainable agricultural systems, especially in agricultural fields, is more important
than the development of arable land. Sustainable agriculture is based on the efficient management of the
elements of production to improve soil quality and one of the main problems in sustainable agriculture is the lack
of organic matter and its consequences. One of the possible, inexpensive and feasible ways to increase organic
matter in agricultural lands is to return crop residues to the soil. In sustainable agriculture, the use of compost
and vermicompost increases the microbial activity of the soil, which increases the nutrient requirements of the
plant, especially the consumed elements, which leads to increased crop yields. In order to evaluate integrated
fertilizer management and harvest time on the quality and quantity of corn forage, this experiment was
conducted in the research farm of Zabol University in 2016-17 crop year.

Materials and Methods

An experiment was conducted as factorial based on a randomized complete block design with three
replications in the research farm of Zabol University during 2016-17 cropping year. The first factor included 10
fertilization levels: (without fertilization, 30% wheat residue, 60% wheat residues, 90% wheat residues, 30%
vermicompost, 60% vermicompost, 100% vermicompost, 10% vermicompost + 90% wheat residues, 40% of
vermicompost + 60% of wheat residues and 70% vermicompost + 30% of wheat residues) and the second factor
of harvesting time were at two levels: (harvest in milky and dough stages). The studied traits included leaf dry
weight, stem dry weight, dry matter digestibility, water-soluble carbon hydrates, crude protein and protein yield,
crude fiber, insoluble fiber in acid detergent, insoluble fibers in neutral detergent and ash.

Results and Discussion

The results of analysis of variance showed that the effect of interaction between harvesting stage and
combined fertilizer management systems on leaf dry weight, stem dry weight, dry matter digestibility, the
percentage of water-soluble hydrocarbons and insoluble fiber in acid detergent was significant. As the plant
mature and the stems grow, the ratio of leaf to stem decreases in forage. The highest leaf dry weight (146 g) and
stem dry weight (185.33 g) were obtained in milk militias and in the application of 70% vermicompost and 30%
of wheat residues. Mean comparisons showed that the highest digestibility of dry matter (69.72%), the highest
percentage of water-soluble carbohydrate (21.17%) was observed in dough stage with the application of 60% of
wheat residues. The highest non-soluble fiber in acid detergent (34.85 g / kg dry matter) was obtained in the
milky stage of grain and in the application of 70% vermicompost and 30% of the wheat residues. Insoluble fiber
in acid detergent was the most important determinant of forage quality. The results of the analysis of variance
showed that the effect of harvesting stage on the percentage of crude protein and ash content was very
significant; the effect of harvesting stage and the effect of combined fertilizer management systems on the
percentage of CF was significant; and the simple effect of combined fertilizer management on the non-soluble
fiber (CF) in neutral detergent was meaningful. Comparison of means showed that the highest percentage of
crude protein (9.32%) was observed in the milky stage; the highest percentage of crude fiber in the grain dough
stage (35.45%) and in the application of 70% vermicompost + 30% wheat residues (36.85%); The most NDF
(52.58 g / kg dry matter) in terms of application of 70% vermicompost + 30% of wheat residues; and the highest
percentage of Ash (7.21%) in milky stage was obtained. The optimal quality is obtained when the plant has a
digestibility of dry matter, crude protein, WSC, and more ash content. In general, using 60% and 100%
vermicompost ratios and 60% of wheat residues improved the quality of forage at harvest time from the milky
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stage. The results of this study confirmed the importance of soil organic matter in improving forage quality.
Conclusions

The results of this study confirmed the importance of soil organic matter in improving forage quality.
According to the results of this study, the combined application of vermicompost with wheat residues has
improved the quantitative and qualitative traits studied in corn. So that application of 70% vermicompost plus
30% wheat residues increased 2% protein percentage compared to control. Therefore, the application of the
combined fertilizer system in the long term increases the content of nitrogen and organic carbon in soil. In
general, 70% and 100% vermicompost ratios and 60% of wheat residues improved the quality of forage at
harvest time from milking stage. The growth stage at harvest time, the most important determinant of forage
quality, is a definite species. Forage quality decreases with the advancement of growth stages.

Keywords: Crude and yield protein, Harvesting time, Plant remnants, Vermicompost
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