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Table 2- Analysis of variance of some growth traits of black cumin plants under moisture stress
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oy e e W) Jsb - o)) Suis (59 S g
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83! &g LW JPLILEVS lop el LW )
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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ol 4o Cuws dopd Ve gAY SV R 250 iy ILCA82
&9y slasdles > e (Shaban et al, 2011) cél, jials
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0 yuals ecel SCid s aS ab saalie (Oryza sativa)
Ekanayak ) 1 (5 st logs & Cus iy Jgbo (5303
2> i 0 yiwl oS (g9, (oainlojl jl Juols moli (et al., 1994
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
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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



viY

e ySdos gl g 0, los 1 (6995 Sy pue g S Fu b “S)Lﬁi o Cili Coans ).JL

OO Sl (NP0 Claogad G9) (83395 9 Sl &)U syl O5T (Sl nSile dumlio T Jgo
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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Jr P)j \\‘\‘/aa) J._f 0393 um ) .))._ilo& (B U &> y0 b‘.;
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
L asby o, Slas oy i s 9 b oo (iul38] aild 5 Slas ¢ old 268
hlSen g oMoV a s 0] o Candas iSa y3 5 ¥ 2 )8
5 00l (sla sl a s wisly L (Seghatoleslami et al., 2013)
sls oLS S o0 5w 3 Shes o cuslS b g d)tﬁ.ﬁ Jlize
B 9 55 Lo Ve lul Yo &S gyebs 2351 )3 e 55

vy sl aBlw gl g aBluw JS dlaai p 2395 g CudlS gy U WiiSod p1 (s 1Sl dny B —£ Joua
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.


https://en.wikipedia.org/wiki/Roselle_(plant)
https://en.wikipedia.org/wiki/Roselle_(plant)

VAD  o,Sdos glial g 8,5hes 3 6395 Sy 9 odlS gu )b g kel O Cilisn glaw il

0P Sl Lgy o Llj a8l dlasi 1 (23355 9 CodlS U (g lel SeR 2 G la(lhe duunslio -0 Jgux
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






Iranian Journal of Field Crops Research olnl =) Gt gy 4 yis

Vol. 16, No. 4, Winter. 2019, p. 723-741 EAgiAdn YYY-VFY .o FRY e oF o lod 15wl

o LSy, Jew g 4 ) Ol B Okl s 8 uhe r-*-'g s 5es b
Jesls 5 Shos
'S sS Lo e =T Mo (g i (5040

WWADNN/YF (3l 5 b

2SS

S (e35 3 pa8 gl jym sladdle 5 laig)lag Bl I g)le g li polie 5 Ol Cadgazme cigns bl 53 Juwilly 5 Slas (i
3y Shas )5l gl (oilwdnis (sla Jse jl oslitul 3 ol Codgasme 555 9 JolS slmodld dy oyt pae .l ely; &Y guasme 3,Slas
5 olisebl ool (gl Jao cpl 51 oslaiwl 1 i aidl 9 o Cgmone (mwlio (330l 0dd ool (sla Jde I eolitwl &yaocpl 1> g ol Jumilsy
sl 31 alato a3 W8t 5 paS ueilly 3, 8Mae hagl cal )3 Bl (50900 (Silotend sl to b dunlis ) gl iy @508
i 350 Lo gy €83 5 3yl (iluand Joo 5 b s 5 (Slslos ool (g aus S odlizl b (j5ils 5 st vty o) 595 ol
1 plog) (RUE) y35 Gy )5 1 it by 5 (FAO-M) g6 aibly yois Jo (FAO) 86 gy olal » 03k Slusloes el 4185 15
Ol 3 Jpame 9 Jouily 5 Slae 35500 35510 (2lsn 5 ol (slaodls wilale (il Sl oalitil b g Aolas 5 Alusgtr Jruiliy 5,Slas gl 53 &5
leihin ol oLl (olys M 5 Sgdse 1] lop 5 o &ljg) slaosls bl » 45 SUCROS g LINTUL (gl Jio Lo 3lolic
oad oanltio 3 Shos (S .85 118 aunlie 390 (o)Ll sloadls (ol 1 Gy O (it 308 9 45 (St 55 Wdg 00 (ily
PP VIEY EEAY o ddlaie dw paS Jawsly 3,Sles 1Sl oy Cod gy B )0 939 568 50 o5 VIV sy Cod ddlaie duw jd pAS
ol Candey (1 ¥I5F) 2o 3 0 51 yiaS o3l gy dw (sl g VYR (gilodnd slaJde 3y90 13 (dmyim slas wlul oyl p dd o i S
5 o Vo NF BYINY e g 51 (s iloens (slaJso 51 stk o0k sy s syt (RMSEy) s lasye (Solio s omad i 45 (63535l
xS0l ol Slas Sl 390 /54 5| 5YLRUE g, 15 ot 9 e 55 (ME) (g5lw s (o])8 ogMeay .cuisls 1,5 gllae 039050 )
8,0 53 (5 AR gaoes 53 Cilisie (sla gy 4 0dd (i Jeily 3Sles (:Slee &5 Jls 53 39 JlS 53 (55 A/ Wi 0
bl sl padli ol 2 el sty Sl Jg 292 (sl (sla o 31 a8 o0l (slagshgy dlsges jitip 3,Shos (ot ©B> .l
L ool sl yogy Jolite jliel i 10 0,50 559l0 0o pd YV jl o g, oyl (glys 0 dpwlne RMSE, oS (gy5bdy A Cguono Joud LB
o1 L 48 ol Cnday oy (slo o g o3l (sl by, b 0ad b s Sles (6 tae (Stusen 35 (Silod sl o
el 3,Skae gise olom 5 ol sloosls Bl g ool Sluoloxa (sl g, 31 odlital b 48 s L5 3aios oyl golis camled] ogllan 5l
0l  oiwly 585 jobods 45 (glwdnd sla Jdo 4 (wyiwd pae gy alb gy w3, yglp Jod Bl B L) el); Y guae
dae S5olsS1,ST slagsanaing )3 58 g sladlate (ol ;3 3)Ses M (o3 S Wiljgy alp g Ol ol slaosly (il Hlasl ) 5 il
Dy Ainles

Silodd gloJse oM sl Jao csiloJse ) o Slos st 1 5lS” 50319

e by Lagl 3y Slas 15,5 1,5 (5 sladile 5 lagslosy
5 oS Sl 92 CBle D)l a2y gt pdads
o b ol 3y Slas (ol 90 e pB)] (S5 Sluogad
van Ittersum et al., ) cewl pgwge (TML:{,) 058l 3, Slos
Bblis 0 pasuie (£l); 465 S (gl & canl o 5 (2003

2- Potential yield

LV RS

sl Cadgazme d92g (i (dailpd ) (2hy; QLS aoslix
wl8T) 0u55 Jolge g (Lavoass¥WT 5 olie yolic ) oy pé

Agudo w9y ol (g jyaliS 0aSLisly (bl Mol 5 sl 05,8 liwl -
(Email: mnassiri@um.ac.ir t ot odin g5 — )
DOI: 10.22067/gsc.v16i4.62556



VAV ylio ) F 0 ylod I8 s (ol (8155 Slesindgly 49 pis VYY

Boote ) il aaled gles Juwsly baylyd 3 s cond sanlie
9 (90wl yS) (xiwly 09N c 4, .(Hoogenboom et al.,1996
5290 0,0 5L el 585 (slaodls 4 b Jse ol Hliel pouss
= 45 asb Lo (Muchow and Kropff, 1997) call,S
ol 385 laosls 3929 (193 5 (595 sl sl e
(ot el o 5 el (e Caa las e Sliyloj]
@50 53 il b 015 0gilly 3 )Sles 3510 )3 (pgllae b
oz Sluobros 1 odlaiwl pusus 5 5485 (cboodly &y o yiwd pie
Do Aalg5S Medgw i Wby sla Jde o ad, K4 LS,

Mo oy yiags | quzno g JolS sloodld a4 (oo yiwd pae
335l % it sl Jis jlodlainl plin )9S (udie
siaig 4o byype Slalllas )3 55 9 3 S M cogilly 5 Slos
3 oS Taacd ol sla e £S5 4 (il o 5 ABbos
ool adlee sz by 93 LB )3 wsy (ola Joe Slusloe v yo3U Ll
Brooks and ) 54— o rgire (330l (5 Sal) 24 o 451,
Gl P gy ool sba g, (il 5l (slaises .(TObias, 1999
15 1) (So3 g8y 5] cslasaizaiag 55 Jomilly 3,8k 3,9l
13 Sl plosil ogos 4zl (FAO, 1981; FAO, 1978) col
9 48,5 )38 angi 3)90 joS (lpl 3 0ad 4o sy Jie (i
sl 9350 jlas 39S padime Lawgs bl 3,0 3,15

obeld sl ot Jgpae 93 0gilly 3 Slos o5 cpl )3
g &liusj Jouase laican (Triticum aestivum) puiS o
9 0)lp0 LS loica, (Beta vulgaris) as s o glasl
aindS Gl S 45 (5920 & Cudgacme (o baulyd > (glady,
Lzl ool b wisl 5)Sos 048 (uend Ol 423 5 (Sud0n
obm Silednd S Jde dlgay i g odle Slale ()
duzlie 3)50 odamg (Sl Jde ) o 03l (gla by bl g 0
el 4855158 Ll g 55

gy g 2lge
5y Shas 3590y (gl o3l Slusle oy, 4w addllae ol )
= 005 ) A oo ) ol 4B, S5 aBjuide g S Ll
iy o e 0si)) gl 48 0y ol syleze dls o dus (6]l
tlod 05y Bl e (St oole pesd b ol Culg 3 g ks
5 35S Jol 1) 035 0)53 S5 jl 003 ¥e g ¥O (i oy s
l._g .J_.w)u.c ).Q«c LY 9 ol LS —\M)) u.C).M) ‘D.\)‘&uﬁb o yd VO JLl

3- Summary model
4- Exponential growth
5- Linear growth

Y game ddgi sl g ,d sl ;0 g dales glate calises
Bly 5, Slae U ] ool g 0gdll 3,Shas e 5 25T el
MBS oamd s a8 &)l 5l sy BB aBly Joaso ix
15 (Licker et al., 2010) 55 s alys tao by 23L o' 3 Shos
0l pl g 0j Jolge 5l (lacgemme il cos 3, Slas M gl
- = 2 Y s . . 1
Wbl o3 B il b 1 &S W o0 s g ae
0ySlos dnin ©ygo s (el opl . (Caldiz et al., 2002)
O e ame Jolgs b 09,5 oS 5 3,Shes sl gl
a0 b ol 50 s wialgd 5)yel 5 Slas M g ably 3, Slos
5SS n dlp el slayKaly 6l el 5 Sles M o 4
ool 0sdlly 5y Sloc ay slg 5, Sloe 0,8 05 5 M5 ]
9 »J . (Kropff et al., 2001; Bhatia et al., 2008) .55
Sy ly eyl (el )y y (Caldiz et al., 2002) 1Ko
U°9) Q-’I wl_w‘ ..\_3.); UU &g Q»Lu 2 .))Slo.c PYES )JLJ
S o 5 a5 53 pl8 o) ety 380w 3515l
—=ly; oalS Caliste pl )l cuslS ke 0gill 5 Shas 3,4l
Jb e 3 g cilises ol baylys b iblie 1 586 clislejl
skt 5 Al o oLS sai g By el wosllae MlS L)y sl
M 9 Yol Sloj 15 5l L inghs £95 cnl syl & ol
S 698 Hl ol ilwan s sladie abb e asn
e Calisee bl b jd el Y gm0y Sl o i
b Jso cpl 516 o el diy sla Jdo slacabB o3l s
2ly 5> g odlitwl 0ySloe o i (glp iz sla wlids (o
Py oySles Gllwg L w0l wy (gilwdnd db i sba Joe
Jagtap and ) «_ilis (Batchelor et al., 2002) ac o o
Priya and ) ,s—iS (Jones 2002; Kiniry et al., 2004
Stehfest et al., ) Sles wlis > > L 4 (Shibasaki, 2001
i lisee Slalllas ) 56 olpl )0 b e ol a8 gw i (2007
lossis 00y JLSay gllas uls Uy (sldilais 5 o pdaw jo
Koocheki et al., 2006; Nassiri Mahallati et al., 2006; )
.(Soltani et al., 2001
Ol 5> (ilodnd s Jde gy sl slod )8 w8 e
(Sl o b ikl U o )S l cglaie sla ywlibs )0 9 calizes
13 il 639y slmodly pls s 4 gl i <l
sl Gl S )5 (LS 5 algn 5 Ol (glaosly &S Ll
e b (a5 BB lie & lnJio st 2315 LsS) 5o Jso

1- Yield gap
2- Monitoring



YYD olwlys bl 5o ool jusss g pusS 8 Shes Gl

TDM) ouis sy s oole S5 dgi oo Cgumo $l8 s,
1] o Cawdts ¥ dlae I (LS 3 p S olS
TDM = 2500 + DM, + DM (v)

wles als o 55 00w Siid oo ljue YO+ ol 3 &S
e ol Al o (S0 > £5518) (oled 5 s oo
0] oo Candts ¥ dolee 5IDME s DM (6,38 sl> L TDM
TDM=2500+(0.4xpxLGR)+(0.15xpx0.5XLGR) (¥)

S )3 p,56lS) s als o jd Ady e LGR ] 3 &S
AT 9 -/¥ wl)_.o J._.«:Lu_.o ()9)) ..\_u'f:) 0)9 Js_)o p ()9) 2
239> IS 5l (ald 28y 9 (s 45 09> waw 0L iy
O alolre Cygods lgi oo b 03l I s 1y B dlolee Lol 0ai
D)5 eagil
TDM = 2500 + (0.475 xp x LGR) o)

3 Ay sy o aloj] (olmodld dy o yiand pas O jgo 4
:.)94.:3‘_;0 .))91).3; dolxo )] u_‘a.'> 4l>)A
LGR = GPHOTx (1 -Cp x Cy) X Ec x C_ *)

PAHS) plS AL g Co s (5 Kike GPHOT
P o yel Crnwddy 050 aST ML o (joy 40 JiSa yd S'6IS
535 p55LS) (65 i s 1 it 56 )
o=l el (ad 0dy 0y (b j0 (it ool p)S5lS (dlilay
Syl a2y (Sl sl o Jlade g 03 Sl a2 b o s
MR (o sy s g (a3 1Sy 0)90 (b
Al Cundty ¥ S 1 caliseo Y guae

£ 4o diaw Iy Ry placie 0ol il ¥ S 1 oolaal (gl y
olo p)S oS lil & 35l 2SS’ + /o) Joles aiB)aiie (61 Ry
YV ool aBynas Cp plade ¥ USG50 il e jg) pd SWis
oy 8 slis am V) oS il a0 YY (glod )3 g 2 o B
Dy ..\!b|5> AR Lg).g‘ﬁ (C.'>).o d[o.) )‘ ).:\/l.:

o o ol ol (sl 6055 5 g s G
(390 ¥7) 0393 =l Sylasbissl Jo-bo I oS iy (s 035 0590
Al o Candty 0SS 5l oo opl Hlade il

i ol ade g Al o StS odlo 4 SIS s s B
reeas o s CL il oas L)V Jgas )3 caliseo &Y guao
u] )l_\.s.o o G]a> BWJ) u‘o 5 1_5"9’1‘{ J.AK 0Py L ]oy)o
039 /Y LLAI=Y ;5 g «/A Joleo LAISY 3 (S ply LAI=D j»
MLL;Q AW ﬁl).g Y dolxo Jel odlaiwl LS‘)J. UT u.:i;l.:.n 9

ol 25 b & ey dw & bgye Slusle Sl ol

S Gl a0 g8l s Shas 5T

Slagaidizg > ol sl PLS bawgi o5 (g ol 5
FAO, 1978; FAO, ) o1 &l el < guame (S olsSTs 51
135 ,LiSa 45 p)Se kS LGR) as dls yo ;5 1) e oo (1981
2 (LS 3 p5els TDM) o1 a1y Suis o3le JS 5 (59,
Wl oo Candds ¥ 9 ) OVoleo I sl byl yis

LGR - _0:-72xGPHOT 0
(1+0.25%Cj xp)
DM - 0.136><GPHOT "
(- +0.25xCj)
p

0ALBL jiiwsd ey (wSle GPHOT &Yoleo (ol 5o
9 (392) 45 009> Jo-bo P (595 2,15 13 3515 2,555 (98
Lospo &Yoleo gl el ppolio 5 Cosl ' (6)uaS5 uS gy G

. . & . . . v - e

e Al oo (SRS (il o pd quval g Mb) (i 4
V USC 5§ eyt dlig, g 5] Lodau y» 45 GPHOT
ey ySTo ool GPHOT o S oyl 15 23985 oo i3
F Y’ . - - I Sl e “a
2 CO2 pSoks FY) 5y glodl bulyd 1> S (Rl jiiwgid
b el 1 5 eolisal (gl g ol o 391 (sl jo HlSa
5L polas FQ e

Ol a3l (Al (AL 95 oMo S Srwgd Sy
2y Sy S jrwgd Sy yShe FQ &y 3 g abbioe Jo
sleog, S oy FO jlas ¥ JSCs o ol i slacs)l >
0l Bl iyl s > 5l g dlely (o ely; GV pane calisee
Fg jlade ol ) 5 5lw as Ve (slod o U5 ol (bl s e
bl e el )3 S 13 COy pySobs Fr Jole 133,000 (5l
28 0 GPHOT jlaie V S Cuwly Cuows pdlie s denlyo b
Sl p S ¥V Jlao @y jio 3 Joile Ve ailjyy giinds 53
el Aalgs Cunddy 59, 0 S,

£ 5 2 SladisS (sl o] e 5 035 &l a0 U G
P9 ge gl Pl ¥ S5 5l oS

S 8Ly uudS lig ) b 0 gL 0 ySlas 39T s
oS 099 9 Gy 03 4o Jae 48 (g (2]
a8l 035 95 5 Al o (Versteeg and van Keulen, 1986)

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.
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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).
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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
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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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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 (%)
(Loam) -5 0.18 8.00 1.0 11.0 326.0 0.05
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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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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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67S:33M 286% 483"

0S:100M 214° 2.86°

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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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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Table 1- Average precipitation and temperature during the season growth of cannabis in 2013 and 2014

May June July August September October November

2013 o> (e 211 267 272 27.2 23.6 20.9 10.4
Average temperature (°C)

Bk ke 248 02 0 0 11 4.4

Average precipitation (mm)

2014 12 (5le 223 257 285 253 224 19.6 134
Average temperature (°C)

Bk ol 38 04 0 0 0 6.2 11.2

Average precipitation (mm)
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Table 2- Properties of the soil (0-20 cm depth) and animal manure in 2013 and 2014

&yl EC SonsS  ojes Pt sy S SR
- |:| (dsm?) Organic  Nitrogen C/IN  phosphorus ~ Texture Silt  Clay Sand
P carbon (%) (PPM) %) (%) (%)
5 o
Jl? 7.98 0.06 8.66 0.06 8.66 10.3 =) 26 20 54
Soil Loamy
2013 sandy clay
o 358
Animal 85 0.66 19.09 066  19.09 1240 - ; ; ;
manure
b oy
Jl_> 7.79 0.04 7.75 0.04 7.75 9.8 = 26 22 52
Soil Loamy
2014 sandy clay
ol 258
Animal  8.01 0.58 21.15 058 2115 1180 - - - -
manure
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1- Leaf area meter
2- Kjeldahl method
3- Bartlett's test
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