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Effect of deficit irrigation levels at four growth stages on yield and quality of
sugar beet
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B. Second growth stage
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Fig. 1. Volumetric moisture change at irrigation levels and growth stages of sugar beet in 2004

C. Third growth stage
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Table 1. Soil physical and chemical properties of experimental field (0-30 cm soil depth) (2004 and 2005)

L. SCsl el bk, (S e b, AL o paie 0 R
Year  Soil texture FC (%) WP (%) Bulk density (g.cm™ pH
2004 CL 21.0 9.2 1.38 7.85
2005 SL 21.6 10.5 1.50 7.7

STos ok b 1 5l g S s ] b

0.C (%) T.N.V(%) EC (dS.m™) K (mg.kg™) P (mg.kg")
2004 0.42 10.5 1.0 350 10.5
2005 0.70 6.0 0.7 235 4.0

Ve 5 (1) o3 00 6HLT Hles a5 sl olas ui o5
Gl oS I (1) JolS” 6)LT 4 i ()55
5 Shes s iae 2alS 4 e cds GV b
as Jlasal o6 a4 s Sles 5 a5 Sas ads
2 6ol oS Ao 10 b K Sole 4 (F Jgd)
5(I3) 53 AD Hlas 53 A8 jdidar A p g a1
)4.:%)3;1&9)36)‘3&‘;@\5((14) Loy Ve
Sl DT Gy o el > g 5 5 Shes
p33 edsl ado o 53 A B s, Shas 5ty s, Slhas
(F Jgds) i sdaline (g )ls me gl eolers
3923 PO U aslemr g pos el o 53 Ol5 o0 0l 2l
50303 plasil (6,28 (5T o3 VO b p sl o
| 035m0 g2 3oy A8 poliir OT o e 5
oS ST A3 5l S J pmas Bl s
5 el SNl 5L g dse ) bl oo 0l
5 oLd,93 «(Al — Kaisi and Broner, 2002) =3 »
3 =)5,2 5 (Doorenbos and Kassam, 1979) (aLMS
Ol s il Cllae (Mirzaei et al., 2005) o1, \Sen
J=l e 318 g2 3 et (5 9o OT e
,;LséfmgTﬁo.@lcmm)wﬁ.:ﬁm,
300 ol T me L iy a1
5 e Ol jn o eSS 55 CaSs e VROV ) (1))
Voo ol e Sl s 0 Sls b sl o 1y ST
S 3 a2 MVA cll 4o ner 53 (L) oy
GolsT OT (s )3 VF zals ool (¥ ISC2) 550

O 61 OT Ul pde 5ol 4y 25 sloml Eely

a4

Ao 3 &0 ezl a5 Jlaasial J16 A3
odalive iy 48 5lgx ol o o (5,15 cme oD
o ian 053,55 Jadb (A8 b Slio i 5 8
(Y Jdzr) 550 )ls ms 5 iy Jla| mlas 5
iy 3, Shee LT Calies -
omamen 3 Jlasul 6 4 5, Shas 13 5 Slas
g 13 g Aoy 6 mhaw 53 glsm el 3 Sas
WJlamzal 0B a5 Ol e 9 A3 Ol e Blod 51 S
A58 s gme LT Calibes - shan 0 sl
Ao yd iy ey LS L@ U s Do
(olls & s lal (Y Jgd) 590 Hl5 gae
5 A8 e sy $8 e ol sl 3 e
5, Ses ey 3 Sas gl b (LT o
Jﬁ)t;@”@cb)mwm@uggw
Y Jsu>)
J= e sles 53 blize 51 0A Hls gae w a5 L
Sl T sb 5 A8y iy 5 e
J.:GJJ:J_{Lw}JJJJchA_&w:JSLw
g o eSS S e il 4 Jlaid
Ly Joml e 51 ST s LT mshw s 55
2348503 0LaS ilsls 4 i gl L pln g
255 s Lo dn g (Gl B ki A s a1
Sl A3 S b 55 (LT slasles o
Lol ot K3 o o a3 (S 5l s
A Jgd) Sl 5 42 5 (613 me D (5T
A o 3 (55T Caliien sla Hlod o SSLe 4y


https://dor.isc.ac/dor/20.1001.1.15625540.1391.14.2.1.4
https://agrobreedjournal.ir/article-1-88-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1391.14.2.1.4 ]

Ly &€l S e 5o LT oS Slsles 53 A s CuiS 55 Shee S e il ls 4 Y Jsdr

Table 2. Combined analysis of variance for yield and quality of sugar beet in deficit irrigation treatments at four growth stages

MS) Sl e o Sle

@oliT s iy Shes A5 Ol ) b o pe 035 3 oSl Jlamd 15 45 01 e Jhamial s 25 oo 3 €55 Sles Jhamial 16455 Shae
S.0.V o pile d.f Root yield Sugar content K Na N Alkalinity White sugar content Yield Molasses Sugar yield White sugar yield
Year(Y) Ju 1 2515.94" 1.59™ 22.72" 5.44™ 29.49™ 264.90" 0.01™ 40.19™ 4.14" 106.96" 73.91"
R(Y) (L), S5 6 140.08 121 3.28 0.24 2.16 11.71 1.7 20.63 0.77 6.84 42
Growth stags(A) s, J~1« 3 326.12" 5.80" 0.25™ 0.01™ 1.53" 4.13™ 7.12" 8.02" 0.08™ 16.08" 13.97"
YxA I X a5y ol e 3 44.79™ 3.71° 0.09™ 0.06™ 0.24"™ 0.64"™ 4.08" 2.85™ 0.02™ 0.31™ 0.17"
Error, Ol sl 18 34.59 0.83 0.5 0.03 0.33 2.5 0.99 3.43 0.1 1.57 1.18
Irrigation (B) T 3 258.84" 0.76™ 0.13™ 0.01™ 0.26™ 234" 0.73" 0.80™ 0.03™ 9.02" 691"
YxB Jl X LT 3 30.82"™ 0.82"™ 0.15™ 0.01™ 0.17" 1.80™ 0.76™ 1.01™ 0.04"™ 1.38™ 1.05™
BxA Ly ol X (51T 9 62.65" 0.21™ 0.09™ 0.01™ 0.16™ 1.29™ 0.20™ 0.64™ 0.02™ 3.01° 239
YxBxA 9 55.26™ 0.60™ 0.13™ 0.01™ 0.17" 1.47" 0.63™ 0.82"™ 0.02™ 2.38"™ 1.81™
Error, o llas 7 27.57 0.48 0.1 0.01 0.11 0.83 0.52 0.79 0.02 12 0.99
C.V (%) ki g 10.11 3.56 6.53 14.74 16.92 25.17 4.17 1.00 7.92 10.84 11.06
ns: Not significant s gme 81118

*and** Significant at 5% and 1% probability levels, respectively
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Table 3. Combined analysis of variance for yield and quality of sugar beet in deficit irrigation treatment at four growth stages

MS) Sl e 5 Ske

(S1) Jsl al> (S2) g3 dl> 0 (S3) p s al o (S4) o)lex d
&l3T s atys Sles 55 Slas Jlasd 643 5 Shes atyys Slas 455 Slas lasal J6 45 5 Slas adyys Shee 55 Slas Jlasd 6 43 5 Shes atys Shes 455 Slas Jlasiad J6 45 > Sas
S.0.V e s d.f Root yield Sugar yield White sugar yield Root yield Sugar yield White sugar yield Root yield Sugar yield White sugar yield Root yield Sugar yield White sugar yield
Year(Y) Ju 1 850.78" 3526 23.89™ 627.64™ 24.57™ 16.32™ 609.01" 25.70" 18.20" 458.44" 22.26" 16.07"
R(Y) (W), 6 31.08 1.65 1.08 173.67 5.40 3.31 52.04 1.75 1.14 38.87 2.87 2.21
Irrigation(B) & LT 3 10.43™ 0.84" 0.72" 53.25™ 1.44™ 1.01™ 329.10" 13.65™ 10.46™ 35.55™ 1.29™ 1.18™
YxB oLl 3 30.10™ 0.63"™ 0.55™ 49.23™ 1.74™ 1.29" 38.12™ 1.99™ 1.39™ 39.21™ 2.26™ 1.80™
Error  _al;T gl 18 35.05 1.47 1.26 42.59 1.46 1.09 23.94 1.09 0.87 18.47 1.25 1.10
CV% ol 11.00 11.51 12.00 12.05 11.36 11.03 10.20 11.48 11.59 8.28 10.99 11.51
ns: Not significant Dl> sxe i iDS
*and** : Significant at 5% and 1% probability levels, respectively 1055 &S5 5 oty el a3 s e e 5 2
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Table 4. Mean comparison of yield and quality of sugar beet in deficit irrigation treatment at four growth stages

(S1) Jyl > o (52) ps2dl> e (53) ¢ g sl o (54) ¢l 4>
a5 Slas 153 Shes Jlaszal L6 13 5 Sk atyy s Shes 55 Shas ezl L6 43 5 Sk a5 Slas 55 Shas Jlaszad L6455 Shas atyys Shes 153 Shes Jlaszal L6 43 5 Sk
b T slales Root yield Sugar yield ‘White sugar yield Root yield Sugar yield ‘White sugar yield Root yield Sugar yield White sugar yield Root yield Sugar yield ‘White sugar yield
Trrigation (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™)
11(55%) 524a 10.26 a 9.15a 52.03a 1032 a 9.19a 41.60b 7.75b 6.82b 50.29 a 9.80a 8.70a
12(70%) 54.88a 10.88 a 9.68a 5193 a 10.26 a 9.15a 43.67b 831D 7.36Db 49.86a 9.94 a 8.89a
13(85%) 53.40a 10.23 a 9.05a 5548 a 10.89 a 9.72a 51.35ab 9.70 ab 8.58 ab 53.99a 10.67 a 9.57a
14(100%) 54.58a 10.70 a 9.52a 57.11a 11.11a 9.84 a 5525a 10.62 a 934 a 53.39a 1037 a 9.25a
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Mean each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's Multiple Range Test
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Fig. 3. Mean comparison of irrigation water in deficit irrigation treatments at four growth stages of sugar beet
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Effect of deficit irrigation levels at four growth stages on yield and quality of

sugar beet

Mirzaei, M. R.! and S. M. Rezvani’

ABSTRACT

Mirzaei, M. R. and S. M. Rezvani. 2012. Effect of deficit irrigation levels at four growth stages on yield and quality of
sugar beet. Iranian Journal of Crop Sciences. 14(2):94-107. (In Persian).

To estimate the crop sensitivity factor (Ky) and to assess water stress effect in different growth stages of
sugar beet, an experiment was conducted as split plot arrangement in randomized complete block design with
four replications. The experiment was carried out in 2004 and 2005 growing seasons in the Agricultural and
Natural Resources Research Center of Hamadan Province, Hamedan, Iran. Main plots consisted of four different
growth stages including; 1: germination to establishment, 2: establishment to 70-80% canopy development, 3:
full canopy development and 4: beginning of canopy senescence to crop maturity (maximum extraction
coefficient). Sub-plots consisted of different water consumption levels; 100, 85, 70 and 55% of full irrigation
requirements. Combined analysis of variance showed that there was significant difference between growth stages
for sugar yield and white sugar yield. Quality properties including sugar content and white sugar content also
differed significantly. There was significant difference between irrigation levels for quantitative traits as well as
alkalinity coefficient. Interaction effect of growth stage x irrigation level was significant for different
quantitative traits. In conclusion sugar beet sensitivity to water stress is alike in all of the growth stages. The
most sensitive growth stage of sugar beet to water stress was the first stage for root yield and sugar yield. The
crop sensitivity factor for different growth stages of sugar beet was 1.23, 1.02, 1.06 and 0.84, respectively. It is
suggested that the available irrigation water is applied during the growth stages of sugar beet with crop
sensitivity factor less than one. Therefore, water consumption can be reduced by 45% at the second and fourth
growth stages and 15% at third growth stage, relative to full irrigation, without significant decrease in white

sugar yield.

Key words: Babbler irrigation, Sugar beet, Sugar yield, Crop sensitivity factor and Water deficit.
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