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water deficit irrigation and rhizomania disease under field conditions

Fua-fé ole crLgA.o:-\ S gRn c‘d:l{T Wﬁ . L&Jj c\*oli.bo:u v.;:-J

(J g 05 )50 01 2 76533158 a5 7 3 55T eidiond Ol lr 0B ki 5y g 3 Do) i s go L5 )

DIl S e5s WS s 5 5 sl e liiond Olajlos B suliir s g 5 Dol Sl ds g slokil Y

T35 3 P saT «Dlaos Ol (695, DLl 2 (neb wlie 5 (5559liST 25 gl 5 Dl S po (ol iy Sl iy okl ¥
Ol gl edgn 53 50E8"

T35 3 AT el Olajl ¢ g 8 Ol )3T g e 5 (555517 25 50T 5 Dlidiond S jo bt Dl i sloked F
O pleoT sbile g 5kE8”

10.22092/A1.2019.121794.1293: 035 3305 p Blulids — 1FAY/V NV 1 59y oo \FAV/ £/ :08b 50 &b
oM

oS % (Beta vulgaris L.) 43 yuaer 06\ 5l g3liws 2S15 s &5 (> 98 p (Sho>l g (ST Chwgs c.y (Ol oszo
50 bl s 5 Bl olen 5 SOLT
VoPAYA Y Ol 1YY duly £ osled — 1Y 0398 (£10) SOl Sy g 4 4

N O gl W8 yiz £5130 10 8 Khos bl s fole 93 Lilog 3 5 (S low 9 ST T @l dgmes”
Sleah b B 53 Likg 31y Sslew 9 SOl oF 4 S WS sid (Jol o851 AST19 SR9% ol 59
AL o o VA+ s bl (SolT 593 5 ki (SoWT B90cd T 515 owip Sig0 SOl _ols”
(WUE) (8 s T (5390 3@ cowimod 9 A8 3 ;hos g pd)y 531457 318 QUi iy 319 4 35 guolid .39 A wIS”
B 0T B pan (559 0,5 30 B Cuigi) DM T Wi juuaz 10 4 3 7 Wil s (P<0.01)3g 515 o
30 w8 o hos Hlde i 3 pBl Cui § 45 Al podro piod LCal BOT 8 Khos fuily 10 BWS1 Loy
Pl 9 Ky 0 00 (Solow 4 FoT Sl ph 538,10 Sglel K aKb 03T o Ll ol b odglT Ll ol
22 b 4 (P<0.01) 618 gm0 (A0 § Cdo (Shnod SIS ud j 4 K5 3 o b (Solow Dud
G0 (R0 § (R (Shundd (S 9 (D503 0303 Solow 4 008T pé Lulh 50 . Aidgr /T g o/EE Cynd
S Oy05 0p0d b B 3 Khos  Kiumod (Sslow @ 03987 Lyl 4di 30 4TIl 53 .kild Wi 3 Khos b (P<0.05)
S W8T w3009 (P<0.01) 15 Jxe g (P> 0.05) 510 o pé ci 4 (J9 (A0S 9 S 9
a0 (69 0@ 31 O g 9 Bk istd 1 cbodly (oS 398 LY Sl 31 ¢ 539 FIT Ll S 2 gty ST o6
Ndg 18355 g ol Sy ¢ L I o e 33 9 Vb W8 8 Ko 9 ST T

Gl o (S5 g b Lilog 35 «id yuider (T B g (539 0 5@ (Sl S 0319

R_Mohammadian@hotmail.com :J s o6 )& S5 S oy o y5T



....Aﬁ)xig-cﬁ)lj\é:\MJlfl)w)ﬁ

Eeb Sl (Sas 35 w4 Gl wly Lo
338 oS 5 Sles b ls 55 bl
Col ol 4o ¢ |4 (Cattivelli et al., 2008)
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Olpl ps db)dir S5 anmy 5 (A4S
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et al, 2009; Uchkunov et al, 2016).
o3ns ey 4 Llgn, ol
ECRU TSR S0 ST S PR GNPy
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Table 1. Names and some characteristics of sugar beet cultivars used in the experiments

3 Slasia ¢ Slasis
Cultivar Characteristics Cultivar Characteristics
ST g3 o 0K il 4 pslie il 3! Blei e Llagss 4 polie
Resistant to rhizomania, bolting and Resistant to Rhizomania and
Antek Isabella
cercospora nematode
LT Blas cLilay s 4 pslae sy WS 5550 legss 4 pslas
. . . .. Resistant to Rhizomania and
Arya Resistant to rhizomania and nematode Laetitia . .
rhizoctonia
53T D gpsS o Gl 4 pslae <S4 LS 5500 cBles 4 pslae
. . . . Resistant to Rhizomania and
Azare Resistant to rhizomania and cercospora  Loriquet . .
rhizoctonia
w2t Llagps 4 psle oolele g sS e Glag o) 4 pslie
. . . . Resistant to Rhizomania and
Baiji Resistant to rhizomania Mandarin
cercospora
S Lilagps 4 pslie S e sS oo e Glagsns 4 pslie
. . . Resistant to rhizomania and
Baloo Resistant to rhizomania Merak
cercospora
NWolse BlascLileg sy 4 pylie s Libagsy 4 plie
BTS213 Resistant to rhizomania and nematode ~ Muraille Resistant to rhizomania
WS LS 95 Wlegsy 4 polis EITESY: 5S35 osprsS e Glagz 4 pslie
Resistant to rhizomania and Resistant to rhizomania, cercospora
BTS233 . . Novodoro . ? P
rhizoctonia and rhizoctonia
o s WS 555 ¢ legs) 4 plas L S g il 4 pslis
Resistant to rhizomania and . . . .
BTS335 . . Palma Resistant to rhizomania and bolting
rhizoctonia
e Ky gl ool Lilegse) 4 Jomeie g
Chiemmene Resistant to bolting Pars Nearly tolerant to rhizomania
s 55 5500 s sS o e Wl 4 pslas Ly &1 oS 4 Jome
Resistant to rhizomania, cercospora
Delta . ? P Paya Tolerant to drought stress
and rhizoctonia
ESTH LS g5 lasn, 4 pslis G, by, 4 polie
Resistant to rhizomania and . . .
Dorothea . . Perfeekta Resistant to rhizomania
rhizoctonia
obLs’ S s 4 pslhe 5 Llayj s 4 Jamte o U 20 LS 5505 5 Wless) 4 pslae
Ekbatan! Nearly tolerant to rhizomania and Rosire Resistant to rhizomania,
resistant to rhizomania rhizoctonia
sk LS 95 Wlegsy 4 pylis oy g pslis
Resistant to rhizomania and . . .
Flores . . Sharif Resistant to bolting
rhizoctonia
123 LS 55 e blesp, 4 polie 6,5 Bl 5 Lilagse) 4 pslie
. Resistant to rhizomania and Resistant to rhizomania and
Ghazira . . Shokoofa . .
rhizoctonia rhizoctonia
o0l LS 0500 Wlagsy 4 pslie o8 s i Loy y 4 pylie
. Resistant to rhizomania and Resistant to rhizomania and
Iris Toucan

rhizoctonia

nematode

"
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Table 2. Soil properties in 0-30 cm depth at the experimental fields

Locationaik:. Jl < ol L6 el Ol b jaub ST s
Sl sl T s
Year _ru i SN s pH JS 055 gl S Absorbable potassium  Absorbable  Organic carbon
Homxﬂ:o Electrical conductivity Total nitrogen ~ NH4 NO3 phosphorous content
(dS/m) (%) (mmolkg™") (%)
2 T - 1.7 7.9 6.8 12.3 620.5 20.6 1.3
Karaj 2016 Loam . . . . . . .
\was Y el oo
i 1.9 7.5 - 9.1 24.4 433.6 18.6 1.2
2017 Silty/clay/loam
a e Mg 1.7 7.9 0.1 210 11.6 0.4
Mashhad 2016  Silty/loamy . . . . ,
\rag
o 1.3 8.0 0.1 126 8.4 0.7
2017 Loam
. _ e e
Miandoab 7.t Silty 1.6 7.5 0.1 - - 432.4 16.0 1.0
2017

1y
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Table 3. Summary of field operations calendar in the experiments

aikaie o DS m T e OT e Sl g b 5T 53) (bl slaases wla S2lesT 53) (b me T e Loy Joas b Syl e
3 ©okTys Harvest date Oslers Oslrs
Location  Year Z:.Bcwﬁ of The amount of The amount of water consumed 12.6. mBoE: ow
Seeding date ITIZALONS ter consumed in Number of irrigations in the  in irrigation in the adjacent precipitation during
(Application of irrigation(m?3.ha!) adjacent experiments experiments growing season (mm)
first irrigation) (m3.ha!)
oS Y \RE D
6 6999 11 11326 13.8
Karaj 2016 30 Apr. 27 Oct.
Y4 Y/YO MY
7 8549 10 10850 8.3
2017 15 May 24 Oct.
dgde VY40 ¥/ AY
Mashhad 7 7650 12 13500 15.1
2016 31 May 24 Oct.
Y4 Y/Y» AR
8 8100 13 14600 52
2017 10 May 1 Nov.
OTadkls V4 /14 /YD
Miandoa 9 9988 13 14982 5.3
b 2017 9 May 17 Oct.

.ﬁtqfQgcv‘fqrrﬁtfcrmgcrru.\i;rx_ntqv.c.*@f:wu%aF,_kbrm{(mmzhwﬁﬁ,iw,?u>. 5o A IS a5 6Sib 1 e el 038 e 5 5wl S adsl OT s Sl e b 6 )LT

el Jlo 5 LT L g i Csl8

*Irrigations were conducted after two initial irrigations for germination and seedling emergence based on evaporation from class A pan: irrigation after 80 and 180 mm
evaporation for normal and deficit irrigation conditions, respectively. **The adjacent experiments were the experiments with the same seeding date under normal irrigation.

1Y
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et al., 1999; Mohammadian et al., 2016,
2017)

LT (ST (sla (35 03,07 o Lol 5o
QUL ¢ 95 IOl 5 o YYY Ll 5 o
7230 ¢kl ool eladly n ke Y Ul
S e e sle3T dle 55 55 1,88
ot Do 53 ol 55 el 63 gidone 3
P61 olem 4 03T Ll pas 8513
(Iose (g YWYl g o WY Wl S
SlabT i 53 05 5 BG, dlly
S5 g el 05,5 53 (LT Y Jolas)
N TSR R I PN NE g
5 8es ob5sl o fege Olse 4 (WUE)
Gr) adlge &G Olsie & (> 5 A5 o
23 Fs oblE s (Ses 4 Caslis
358 Clods Ol Ll ooyl ot S L
S o5 ot T s g a5
O e S0 o Pl S (Mol sl
S bl S e e Ve T
(Blum,> o o faS (S & Zaglie s
(Ober et al., o1 )\San s 513 53 5 opl L .2009)
b | U8y ki 5 45 Wiles S e s 2004)
bies «OT O pae Sos0,8 53 LGS 55
bl 0T Sl 5 Shesys Sl I
03 G ol 3 ol mls Sl 4w g
ST e (505 o 5 B 3 Shes 5,4
Glesl ol WSl G opl (Bl o lie
e Dbkl Ol e sl
ool s 215 oS gl elge 4
Wb bg e o b LT Gk 5l ST

ol S3055 55 edalin I S & Slea

11¢

Ll s e T oS0l amlis |
Jsdr 53 dige Ll 15 L (LT o) S5lejT
sk 4 Sl bt pl 53 &8 S8k s Ol o ¥
- I RS YENIEPRS DR PN e wi.l.:o
ol 03l QLA F J g 5 pman (ol Bl
Agiv 35 S p 4{;:}5-11 Sl &Sl
35 SRl gy 48 OTsuila 590 dgie 47
(F Jga)
SaS sl ol byl 4 e o]
ST ose st omen 5 5 3 Slas o35
e o Sl alS” 53 (WUE) b jeae
A8 :ﬁw By ls gae Ao s dii Jlea|
587 dgte A0 dghe BF £ S A0 £ 5 55
A Q=0 esgdos j3 5 adf OT sl
S5 S s 5P F 54T Y F Y
S90S i 03 9dowe (O Jad) Zuils
Aghe AF £ 5 A0 £ 5 55 35 B T
93 iy 4 4% OTskle 5 45 dgia A0
AVAREWA VI W/ NAVA EA IAVA WA AP W S
xS a sl S0 S ASTV/E -
b aels (8 Jgdr) Lzils 5l 3 5 s T
S| § 55 oduns Ol Olalin s &3
Sslie Gl Laes 4 2S5 3 gl
A )i b G g Jemily Dl Ll
K laie Lo 33 LT oS Ll
(Mohammadian et al.,Cwsl ol i /f %
2002; Sadeghian et al., 2000; Ober et al.,
o Joily O] | pioman .2004)
s Ko Slidsd o Llegy, ol o

(Kajiyamacuwl odd 3,15 s 48l
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Cils Ol opiomans 5 i) fozd Lanlsl 5o
A5 g sy 5V B s Shae I dxils
58 5 Shes b goley Sd it oo
(Mohammadian et al.,2016,5 4 ol uj')‘)?
i 51 S 58 bl Olg 11U 2017)
oS Ll s s el 5l ot 3,18
Lo A8 a5 e LT 5 GobT
Ll i 55 Ll L(Ober et al., 2004) Cl aslins
2T oS s Lbys, Goles & S 24T
S ol b oS Ll b oa e

Lol Dglaze Ll g o

75 5 (OTsble 5 dgia) 03T Ll ,d o
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S i B ran OT Sy0,4 5 43 5 Shas
O R S PPN
dgte) o3 0T Ll s )3 55 el a8 5 Shee
e b (2 8) 03T 18 L (OTsdiln
So> smn LU, aS 5ls QLS 550/ Y s5u
s kb 53 ol 53 pB)l A5 s Ses
3345 ) ghilen pimeen (P>0.050Y K051
ST Ll 553555 (r otalin S an
o 03 (ST skils 5 dglie SLEsLe3T) (olow @
3 Sdas b olen Ds asls 5 8, K
e 3 e (Soan Gl 4 S

sle 4 L3 g (P<O.01, R2=0.4) (g ,l5 _ine

ST Gl Gbls 5o Soben 4 (S3 9T Gy — F s

Table 4. The condition of the disease at experimental locations

055 Shas Sl 50482, Shee S

435 Sas Sk
- 5 (- . N
2T 3k edalinn s 51 B o I kb
— - Appearance of Mean of sugar Mc.ean of sugar potie £ ol
Location  Year Visi.ble signs of yield among y‘:: ;E\‘/’:g Ratio of suga}r Severity of
infection resistant cultivars . yield of sensitive  giqeage
(t. ha'") cultivars to resistant
(t.ha'') cultivars
¥4
- 6.8 6.3 09 -
5 2016
Karai y¥as
ard) - 10.8 10.6 1.0 -
2017
¥4
+ 9.2 3.6 0.4 0.6
R 2016
Mashhad ~ ¥4%
asiha . 34 0.5 0.5
2017
Tyl \¥4s
+ 12.4 3.7 0.3 0.7

Miandoab 2017

odd slgiiy dslae jleslazal b (ghlay Cdd s .ol (Golew 3925 e 5 3y odias OLL 5 lge g oD e

el o amloee (Mohammadian ez al., 2016) 01, Kes 5 Obdeses Lo 5

* Plus and minus signs indicate the presence and absence of the diseases, ** The severity of
the disease was calculated using equation proposed by Mohammadian ef al., (2016).
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Table 5. Sugar yield (SY) of sugar beet cultivars in the experiments under deficit irrigation

conditions
J;E:Jﬂu— .J.;ébih»c
Sugar yield (SY) Sugar yield (SY)
(t. ha) (t.hal)
5, 5, Tyl
™ s g <Totls ™ s g s
1ti Iti Miand:
Cultivar Karaj Mashhad ~ Miandoab Cultivar Karaj Mashhad 1:3 ©
140 Y48 ISR Y ate (LTI L Y VAR U LV
2016 2017 2016 2017 2017 2016 2017 2016 2017 2017
ST ) Ul
7.8¢d 11284 12,00 6441 12.6b° 8.32¢ 11.5%¢ 8.0ce g.5%¢ ]2.2b¢
Antek Isablla
LT ) Lasy )
6.7%¢ 10.6*4 8.5b¢ 6.0¢ 10.9¢f 7.644 11.3*d 10.6*4 634 11.6°¢
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Fig 2. The relationship between sugar yields of 30 commercial cultivars under infected conditions
and non-infected conditions and also measurement of leaf color scores and index of disease severity
under the disease-infected conditions. The leaf color was scored on the scale of 1 to 5 (1 completely
yellow and 5 fully green) in the middle of the growing season and the index of disease severity was
scored on a scale of 9-1 (Luterbacher et al., 2005).
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Table 7. Correlation between scores of leaf aging and leaf wilting and sugar yield under
rhizomania-infected (Mashhad) and non-infected (Karaj) conditions. The scoring was based on
Ober et al,,(2005)
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Fig 6. The superiority index (P1) for 30 sugar beet cultivars under different rhizominia-infected
and non- infected conditions and also under water deficit irrigation as proposed by Lin & Binns,
(1988). Bar lines indicate standard error.
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Table 8. Principal component analysis for three attributes of sugar yield (SY), water use efficiency
(WUE) and superiority index (Pi) in 30 sugar beet cultivars
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Fig 7. Biplot of principal component analysis for three attributes of sugar yield (SY), water use
efficiency (WUE) and superiority index (Pi) in 30 sugar beet cultivars
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Extended Abstract
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beet (Beta vulgaris L.) cultivars to water deficit irrigation and rhizomania disease under field conditions
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Introduction: Drought is one of the most important environmental stresses in
agriculture. Many efforts have been made to improve yield of crops grown under
water deficit conditions (Cattivelli ef al., 2008). One of the proposed strategies for
lower water consumption is the use of drought resistant cultivars. However, due to
the complexity of drought resistant mechanisms, no significant progress has been
made in improving yield under drought conditions. On the other hand, rhizomania
is another limiting factor in sugar beet production in Iran and many regions in
the world (Mohammadian et al., 2017). The most effective and easiest way to
control this disease is to use resistant cultivars (Radivojevi¢ et al., 2008). Due to
complexity of drought tolerance, perhaps introduction and use of high yielding
cultivars under water deficit conditions can be an effective approach in reducing
injuries arising from water stress.

Materials and Methods: The response of 30 commercial sugar beet cultivars
to water deficit irrigation and rhizomania disease was investigated in 2016 and
2017 cropping seasons under non-infected (Karaj) and disease-infected (Mashhad
and Miandoab) field conditions, using randomized complete block design. The
irrigation method was furrow and irrigation intervals, after the application of
two initial irrigations for germination and seedling establishment, were based on

Email address of the corresponding author:R_Mohammadian@hotmail.com

16



The Study of response of some ...

evaporation of 180 mm from class A evaporation pan. The scoring for ageing,
wilting and color of leaf was done in the middle of the cropping season and the
severity of rhizomania disease was determined at harvest time. Root yield and
sugar content were analyzed at harvest time. Water use efficiency (WUE) and
superiority index (Pi) were calculated.

Results and Discussion: In these experiments, there was approximately 30%
decrease in water consumption as compared to control farms (irrigation based on
evaporation of 80 mm from class A evaporation pan). The results of analysis of
variance showed that cultivar effect on sugar yield and water use efficiency (WUE)
was significant (P< 0.01). It was confirmed that, in sugar beet, cultivar differences
for water use efficiency are mainly due to differences in potential yield. The results
showed that the ranking of cultivars, in terms of sugar yield content, differed under
disease-infected conditions and non-infected conditions. In other words, the sugar
yield obtained in water deficit irrigation can not be regarded as the sole criterion
for selecting appropriate cultivar to grow under both infected and low irrigation
conditions. In rhizomania-infected conditions, the leaf color score and the severity
index of the disease had a significant positive (R*= 0.44) and negative (R*= 0.39)
correlation with sugar yield (P< 0.01), respectively. In non-infected conditions,
the leaf wilting and ageing scores had a negative and significant correlation with
sugar yield (r=-0.45* and -0.42*, respectively). However, in the disease- infected
conditions, the correlation of sugar yield with the leaf wilting and ageing scores was
non-significantly negative (r=-0.20, P> 0.05) and negatively significant (r=-0.52,
P <0.01), respectively. The results of principal component analysis showed that
among the 30 commercial sugar beet cultivars Antek, Baloo, BTS233, Dorothea,
Isabella, Laetitia, Lorquet, Palma, Perfekta, Shokoofa and Toucan exhibited the
highest water use efficiency and sugar yield and at the same time, higher stability.

Conclusion: Due to the difference in the rank of the sugar yield cultivars under
water deficit irrigation and the disease-infected conditions as compared to low
irrigation and non-infected conditions, breeders should make attempts to enhance
drought tolerance and resistance to rhizomania in sugar beet genotypes in the
breeding programs, simultaneously. Based on the findings of this study, it was
concluded that in order to achieve the higher sugar yields under disease- infected
and low irrigation conditions, the resistance to disease may be a more important
index than the resistance to low irrigation in sugar beet cultivars.

Keywords: Low irrigation, rhizomania, sugar beet, superiority index, water use
efficiency.
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