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Effects of sprinkler and furrow irrigation systems on powdery mildew
disease severity in sugar beet
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ABSTRACT

Powdery mildew is a fungal disease which causes a serious reduction in both root yield and sugar yield in sugar beet fields. This
study aimed to determine the effect of different irrigation methods on powdery mildew’s infection severity in sugar beet fields.
Eight sugar beet commercial cultivars with different susceptibility and resistance to powdery mildew were evaluated under sprin-
kler and furrow irrigation systems in randomized complete block design with four replications at Mahidasht Research Station, Ker-
manshabh, Iran in 2011-12. Combined analysis of variance showed that the disease severity under furrow and sprinkler irrigation
was about 49.1 and 5.9%, respectively. Therefore, sprinkler irrigation is more effective on the control of sugar beet powdery mil-
dew than furrow irrigation. A wide range of infection was observed among cultivars. The highest (36.6%) and lowest (10.62%) rate
of infection was observed in SBSI004 and Brigitta, respectively. Although not statistically significant, root yield was 0.7 t ha™ higher
in furrow than sprinkler irrigation. The highest root yield (65.13 t ha’l) along with the lowest infection percentage was observed in
Brigitta cultivar. Irrigation method had significant effect (P < 0.05) on sugar content, so that furrow irrigation yielded higher sugar
content (15.04%) than sprinkler irrigation (13.59%). As a result, furrow irrigation resulted in 1.45% higher sugar content and less
amino-N and Na accumulation in the root.
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quick beginning and spread of the disease
(Whiteny 1987; Asher and Dewar 2001; Asher
1987; Asher and williams 1991,1992). In recent
years, an average of 150000 hectares of arable
lands were allocated to sugar beet planting in Iran.
Different irrigation methods are used by farmers
and most fields are irrigated by furrow or surface
irrigation method. However, sprinkler irrigation is

INTRODUCTION

Powdery mildew is one of the sugar beet dis-
eases which causes reduction in root yield and
sugar content. The disease is almost widespread in
all sugar beet production areas in Iran (Basati
2008; Basati et al. 2003). The causal agent of
powdery mildew is Erysiphe betae fungus

(Weltezien 1963) and it acts at the time when
sugar beet is synthesizing sugar and accumulating
it. The disease damage varies in different regions.
The disease spread and severity is largely depend-
ent on weather condition in last winter and the
summer of planting year so that moderate winter
following dry and warm summer results in the
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also used in some areas. Sprinkler irrigation not
only reduces water consumption per hectare, but
also prevents some diseases widespread (Alimo-
radi et al. 1998). All irrigation methods such as
furrow, basin, and sprinkler are used in sugar beet
planting in Iran (Alimoradi et al. 1998). Most stud-
ies showed that irrigation methods have remark-
able impact on disease control. Miller and Arastad
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(1976) showed that high water consumption
leaches out nutrients from plants reach and in-
creases pest and plant disease problems which
ultimately reduce performance.

Improper water management increases insects
and weed population and also disease widespread
which consequently prevents steady growth of
sugar beet (Dainello and Hall 1996). In a study by
Malekzadeh et al. (2009), the armyworm popula-
tion was significantly lower under sprinkler irriga-
tion than furrow irrigation. Sprinkler irrigation can
have significant effect on the reduction of sucking
pest damages and is more effective than furrow
irrigation (Yosupov et al. 1975). Christman (1976)
suggested that this type of irrigation results in re-
duction of the disease widespread and population
of some sugar beet insects including agrotis (Agro-
tis segetum), sugar beet aphids, and flea (Chae-
tocnema tibialis 1.). Another study showed that
sprinkler irrigation controls root aphid more effec-
tively than furrow irrigation and aphid population
in furrow irrigation was more than sprinkler irriga-
tion (Parihar and Name Singh 1999).

The relationship between irrigation method
and sugar beet powdery mildew has been studied
before. Research conducted in the USA showed
that the semi-arid and hot conditions are suitable
for the outbreak of the disease. Micro-climate
conditions developed under sprinkler irrigation
increase humidity and slow outbreak of the dis-
ease. In general, the widespread of powdery mil-
dew disease under sprinkler irrigation is slower
than furrow irrigation (Gallian 2001). In another
experiment, Gallian (2012) showed that powdery
mildew has more widespread in furrow than
sprinkler irrigation because sprinkler irrigation
rinses the causative agent of the disease from leaf
surface and prevents the disease stability. In an-
other study, Gallian (2002) illustrated that sprin-
kler dramatically reduced powdery mildew
widespread. Sprinkler irrigation rinses fungal hy-
phae with less infection since this fungus needs
warm and dry condition for distribution. There-
fore, sprinkler irrigation decreases infection
(O’Connell, 2013).

Because under microclimate condition resulted
from sprinkler irrigation, the humidity is more
than fungi need, the disease development is slow.
Therefore, sprinkler irrigation limits the disease
development (Gallian, 2001). Other studies in the
United States showed that the fungi conidia are
able to grow under any humidity condition, so the
fungus can develop and cause infection through-
out the season. Only under rainy circumstances,

the disease widespread is limited (Hill et al 1975;
Hill et al 1980). Powdery mildew disease infects
sugar beet fields in Idaho, Oregon, and Washing-
ton states every year. Other agronomic factors
have little impact on the powdery mildew wide-
spread, but sprinkler irrigation significantly re-
duces the powdery mildew (Gallian 2002).

Irrigation method has significant effect on root
yield, qualitative traits, and the development or
nondevelopment of some diseases. Study of the
effects of furrow and sprinkler irrigation on the
guantitative and qualitative characteristics of
sugar beet showed that under furrow irrigation,
sugar beet root yield and sugar yield per hectare
was higher than sprinkler irrigation (Eckoff et al.
2001). In another study, three irrigation methods
including sprinkler, drip, and furrow were studied
and results showed that in sprinkler irrigation, the
sugar beet root yield was higher than the other
irrigation methods (Butrus and Nimal 1981).

It was shown that the water consumption un-
der sprinkler irrigation was on average 22.2%
lower than furrow irrigation. Root yield under
sprinkler irrigation was higher than furrow and
drip irrigation methods, but sugar content was not
significantly different. Moreover, sprinkler irriga-
tion caused higher extractable sugar per hectare
than the other two methods (Rezvani et al. 2008).
Therefore, the type of irrigation method not only
influenced the disease severity but also influenced
guantitative characteristics such as root yield and
qualitative traits such as nitrogen and sodium.
Under furrow irrigation, the root yield was higher
than sprinkler irrigation but the amount of some
impurities such as nitrogen and sodium de-
creased (Davidoff and Hanks 1989; Hosainpor
2006; Safarian et al. 2006; Malekzadeh et al. 2009;
Basati et al. 2011).

MATERIALS AND METHODS

In this study, eight foreign commercial sugar
beet cultivars were evaluated under two irrigation
(sprinkler and furrow) methods in randomized
complete block design with four replications at
Mahidasht Research Station, Kermanshah, Iran in
2011-12 (Table 1). In the first year of the study,
the infection was created artificially but following
experiment showed that the infection was as high
as can be used for treatments differentiation.
Therefore, in this station, the powdery mildew
natural infection is sufficient for treatment differ-
entiation. The irrigation frequency was 16 times.

Soil samples were taken from 0-30 cm depth
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Table 1. Genotypes tested at Mahidasht Research Station in 2011-12

No. Cultivar Characteristics

1 SBSI004 Susceptible to powdery mildew, domestic cultivar, diploid

2 SBSI005 (Pars) Susceptible to powdery mildew, domestic cultivar, diploid

3 SBSI006 (Torbat) Susceptible to powdery mildew, domestic cultivar, diploid

4 SHIRIN Susceptible to powdery mildew, domestic cultivar, diploid and Z type
5 BRIGITA Resistant to powdery mildew, foreign cultivar, diploid

6 ISELLA Susceptible to powdery mildew, foreign cultivar, diploid

7 14442 Resistant to powdery mildew, resistant bulk, diploid

8 Rasol Susceptible to powdery mildew, domestic cultivar, triploid, N type

Table 2. Analysis of variance for root yield, sugar content, sugar yield, N, Na, K and infestation rate

S.0.V. df Root yield Sugar content Sugar yield N Na K Infestation rate
Year® 1 219 11.33 3.48 2.83* 1.37 4* 250.5%*
Error 1 6 27.8 3.04 2.16 0.28 0.54 0.52 14.59
Irrigation 1 15.65 66.8* 51.3 6.18 3.21%* 7.22 58887.4*
Irrigation x year 1 42.4 0.35 3.83 0.11 0.001 0.52 361.4%*
Error 2 6 9.72 1.73 0.68 0.30 0.12 0.19 5.11
Cultivar 7 1227.02** 44.7%* 51.88** 7.13* 0.63 1.79 1071.5*
Cultivarxyear 7 50.43* 5.8*% 4.5% 1.17* 0.66* 1.08* 237.1%*
Cultivarxirrigation 7 4.51 3.53 1.57 19 0.22 0.34 1030.8*
Cultivarxirrigationxyear 7 88.3*%* 9.28** 14.32%* 2.09%* 1.64%* 1.1* 162.3**
Error 3 90 19.7 1.62 1.32 0.33 0.19 0.39 6.3

cv - 7.92 8.89 10.16 19.85 16.69 13.09 9.06

®Year was considered as random.
*and **, significant at 5 and 1%, respectively

and fertilizer recommendation was performed
based on soil analysis. Seedbed was prepared in
March following wheat - fallow - sugar beet
rotation. Each entry was represented by a 3-row
plot with 60 cm apart and 8 m length. Plant to
plant distance was 20 cm. At harvest, 3 m from
the beginning and end of the row was discarded
as border. When the severity of the disease
reached its maximum, recording was conducted to
determine the extent of infestation. For
determination of infestation percentage and
selection of healthy plants, the index suggested by
Paulus et al. (2001) was used which is the latest
index used for powdery mildew damage. In this
method, the infestation score of 0-5 was
attributed to the leaves based on 10, 35, 65, 90
and 100% infestation. For each treatment in eacg
replication, 100 leaves were recorded and
infestation score was attributed. Using the given
score, K (rate of infestation) was estimated for
each replication as follows:

 (Given Score x leaf number with given score)

Total leaves

R= K1+ K2+K3+...+Kn /n

where R is the sum of replications. Using Paulus et
al (2001) index, infestation percentage was
calculated using the following formula:

Percentage MLAD = 100 [sin(R*18)]*

where MLAD is a mature leaf area disease and 18
is a static factor. Root numbers were counted and
weighed for each plot and 25 roots were sent to
Sugar Technology laboratory of Sugar Beet Seed
Institute for quality analysis. Infestation scores
were transformed using the arcsinvY; however
original data were used since no difference was
observed between transformed and original data
(Yazdisamadi 1997). Data were analyzed using SAS
software.

RESULTS AND DISCUSSION

Powdery mildew status under sprinkler irrigation

Year treatment had significant effect (P < 0.01)
on infestation rate (Table 2). The average
infestation rate in the first and second years was
28.93 and 16.13%, respectively (Tables 2 and 3).
Significant difference was also observed among
irrigation methods. Under sprinkler and furrow
irrigation, the infestation rate was 5.9 and 49.1%,
respectively. Significant difference (P < 0.05) was
also observed among cultivars for infestation
score. The highest (36.5) and lowest (10.62%)
infestation rate was observed in SBSI004 and
Brigitta, respectively. The population 14442
showed 21.62% infestation (Table 2, 3). Cultivar x
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Table 3. Mean classification of root yield, sugar content, sugar per hectare, N, Na, K, and infestation percentage

Year Irrigation method  Cultivar  Rootyield (tha™)  Sugar content  Sugaryield (tha’) N Na K Infestation (%)
meq/100 g root
1 55.56a 14.02a 11.15a 3.07a 2.54a 4.59 28.93a
2 54.74a 14.61a 11.48a 2.77b 2.74a  4.95a 16.13b
Furrow 55.5a 15.04a 11.94a 2.7a 2.48b 5.01a 49.1a
Sprinkler 54.8a 13.59b 10.68a 3.14a 2.8a 4.53a 5.9b
SBSI004  55.36¢cd 13.31cde 10.65c¢ 3.34ab 2.6la 4.56ab 36.5a
SBSIO0S  59.17b 12.46ed 10.84c 3.5ab 2.77a  4.8ab 31.25ab
SBSIO06  63.75a 11.73e 10.79¢ 3.27abc  2.78a 4.66ab  30.5ab
SHIRIN 51.96d 14.18bcd 10.58c 2.9bcd 2.68a 4.65ab  33.8ab
BRIGITA  65.13a 15.61ab 14.66a 1.95e 2.24a  4.4b 10.62c
ISELLA 58.03bc 15.25abc 12.71b 2.23de 2.86a 4.55ab  26.36ab
14442 37.76e 15.65ab 8.51d 2.38cde 2.48a 5.4a 21.62bc
Rasol 50.05d 16.34a 11.75bc 3.8a 2.7a 5.14ab  29.62ab

Means with similar letters in each column are not significantly different.

irrigation interaction was also significant (P <
0.05). All treatments showed lower infestation
under sprinkler irrigation.

Powdery mildew outbreaks occur under certain
circumstances such as air moisture and
microclimate of the field. If the moisture content
is higher than the pathogen’s optimum level, its
activity decreases and consequently the damage
reduces. Sprinkler irrigation causes unfavorable
condition for the disease since it increases
microclimate moisture, rinses the fungi from leaf
surface, and prevents conidial growth. Results
showed that under sprinkler irrigation, the
infestation level was low because of unfavorable
condition for the disease widespread. Results of
this study are in accordance with other studies
which showed that sprinkler irrigation decreases
the disease widespread but furrow irrigation
contributes to the leaf and root disease
widespread as well as pest population increase
(Yosupov et al. 1975; Christman 1976; Miller and
Arastad 1976; Dainello and Hall 1996; Gallian 2001
and 2012; Parihar and Nam Singh 1999). In this
study, sprinkler irrigation application controlled
the infestation rate up to 5.9%; however, results
of Kermanshah showed that four times insecticide
application decreased infestation rate to 20%.
Thus, it seems that sprinkler irrigation was more
effective in powdery mildew control than furrow
irrigation.

The disease infestation had a fluctuation in
different years so that the infestation rate under
furrow irrigation in the first and second years was
52.24 and 46.08%, respectively with an average of
49.1%, and for sprinkler irrigation it was 6.12 and
5.62%, respectively with an average of 5.9%,
although the effect of sprinkler irrigation on the
disease control was confirmed in the both years.

In this study, both susceptible and resistant
cultivars were used. Resistant cultivars showed
low infestation under furrow irrigation albeit the
rate was lower than susceptible cultivars.
However, under sprinkler irrigation, both
susceptible and resistant cultivars did not show
much difference in infestation rate since sprinkler
irrigation prevented the disease widespread. The
disease infestation never reaches zero percentage
since some leaves especially the old ones remain
away from direct contact with water and thus a
low infestation rate can be seen on them. In this
study, about 6% infestation was recorded under
sprinkler irrigation. Therefore, resistant cultivars
also showed low infestation rate of 5-6% which
illustrates that under sprinkler irrigation, the infes-
tation rate was limited to 5-6%.

Brigitta, Isella and 14442 had lower rate of in-
festation compared with the other cultivars ac-
companied by lower N content in root. However,
cultivars with higher rate of infestation accumu-
lated more nitrogen in root. A correlation was
found between infestation rate and N content but
it is not still clear whether infestation results in
high N accumulation or N increase in the root
causes more infestation widespread in the leaves.
It seems that cultivars with more ability to absorb
N provide better opportunity for higher infesta-
tion since leaves become more succulent and
fresh and this condition makes fungal hyphae es-
tablishment easier. Another assumption is that
cultivars with high level of infestation force the
plants to absorb more N due to high density of
fungal hyphae establishment on leaves and feed-
ing of the leaves. This was confirmed by Basati
(2000) in Kermanshah. Genotypes with more ni-
trogen in the roots showed higher infestation rate.
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Table 4. Classification of irrigation x cultivar interaction for root yield, sugar content, sugar yield, N, Na, K, and infestation rate

Cultivar Irrigation method Root yield (t ha™) Sugar content Sugar yield (t ha™) N Na K Infestation (%)
meq/100 g root

1 1 56.3a 13.90ab 11.36ab 3.10a 2.29a 4.63a 66a

1 2 54.3ab 12.72ab 9.94ab 3.59a 2.93a 4.49a 7c

2 1 59.9a 14.05ab 12.07ab 3.12a 2.44a 4.96a 57ab

2 2 58.4a 10.88b 9.62ab 3.89a 3.10a 4.64a 5.5¢

3 1 63.6a 12.63ab 11.60ab 2.93a 2.70a 4.69a 55ab

3 2 63.8a 1083b 9.99ab 3.61a 2.87a 4.63a 6¢

4 1 52.6ab 14.14ab 10.70ab 2.09a 2.52a 4.84a 62a

4 2 51.3ab 14.22ab 10.47ab 3.70a 2.84a 4.45ab 5.5¢

5 1 65.7a 16.05ab 15.25a 1.61a 2.19a 4.77a 15¢

5 2 64.6a 15.17ab 14.08ab 2.30a 2.29a 4.04a 5.5¢c

6 1 58.5a 15.85ab 13.30ab 2.16a 2.68a 4.86a 46ab

6 2 57.5a 1465ab 12.12ab 2.30a 3.05a 4.25a 6¢

7 1 37.9b 16.65a 9.09ab 2.47a 2.35a 4.85a 37b

7 2 37.4b 14.65ab 7.93b 2.30a 2.62a 4.95a 6.25¢c

8 1 49.4ab 17.05a 12.21ab 4.15a 2.70a 5.46a 53ab

8 2 50.7ab 15.64ab 11.30ab 3.46a 2.70a 4.82a 5.5¢

Means with similar letters are not significantly different.

Root yield

The effect of year on root yield and sugar con-
tent was not significant. Year had significant effect
on N and K and the amount of these impurities
was different within the two-year experiments.
Year had also significant effect on infestation rate
so that the infestation rate was significantly higher
in the first year compared with the second year
(Table 2). Irrigation method had no significant ef-
fect on root yield. Under furrow irrigation, root
yield was 0.7 t ha™ higher than sprinkler irrigation
(Table 2, 3, Davidoff and Hanks 1989; Hoseinpor
2006; Malekzadeh et al. 2009). Contrary to these
results, other studies showed that sprinkler irriga-
tion yielded higher root yield than furrow irriga-
tion (Butrus and Nimal 1981; Eckoff et al. 2001;
Rezvani et al. 2008; Jahedi et al 2012). Thus, we
see that irrigation alone will not increase or de-
crease root yield. Although there may be some
difference in root yield in each of irrigation me-
thods but the difference is not significant and it
cannot be concluded that irrigation method influ-
ences root yield. Under furrow irrigation, more
water is available to plant (Rezvani et al. 2008)
and as a result, it is expected that obtained root
yield must be higher than sprinkler irrigation.
Sprinkler irrigation can be considered as a kind of
stress compared with furrow irrigation since less
water is available to plant. Studies showed that
under both irrigation methods, root yield and oth-
er characteristics such as sugar content, N, Na and

K varied under stress. Under normal furrow irriga-
tion, root yield was higher than other treatments,
whereas under stress condition, the obtained root
yield was lower than normal irrigation (Carter et
al. 1980; Fotohi et al. 2008; Abaspor 2003; Ebra-
himipak 2010; Jehadakbar 2003; Noorjo and Ba-
gaee 2004). Owing to the fact that under normal
irrigation, more water is available to the plant and
in furrow irrigation more water was available
compared with sprinkler irrigation (Rezvani et al.
2008), higher root yield is expected and likewise,
in this study furrow irrigation yielded a bit higher
root yield than sprinkler irrigation.

Sugar content

Irrigation method had significant effect on sug-
ar content (P < 0.05). Results showed that sugar
content under furrow irrigation (15.04%) was
higher than sprinkler irrigation (13.59%, Table 2).
Similarly, Davidoff and Hanks (1989) reported that
by increasing the amount of water, sugar content
increased in root. In most studies, water stress
resulted in sugar content increase in plant (Carter
et al. 1980; Fotohi et al. 2008; Abaspor 2003;
Ebrahimipak 2010; Jehadakbar 2003; Noorjo and
Bagaee 2004). Water stress condition is similar to
sprinkler irrigation since less water is provided to
plant compared with furrow irrigation. Results of
this study are in accordance with Davidoff and
Hanks (1989).
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Sugar yield

Irrigation method had no significant effect on
sugar yield. Under furrow and sprinkler irrigation
methods, 11.94 and 10.68 t ha™ white sugar yield
was obtained, respectively (Tables 2 and 3). Fur-
row irrigation produced 1.26 t ha™ higher sugar
yield than sprinkler irrigation. Under furrow irriga-
tion, plants receive 22.2% more water than sprink-
ler irrigation (Rezvani et al. 2008) and this results
in more root growth and sugar content and finally
sugar yield. Under furrow irrigation, the disease
rate was high which imposed damage to root yield
and sugar content. Under sprinkler irrigation, ow-
ing to the disease control, the disease severity
almost wiped out and the performance achieved
approximately the same as furrow irrigation. Has-
sanpour (2006) showed that furrow irrigation pro-
duced about 6% more root yield than sprinkler
irrigation; however, in this study, furrow irrigation
resulted in 0.7 t ha™ higher root yield than sprink-
ler irrigation and this small difference was
achieved through the disease control. Therefore,
sprinkler irrigation not only consumed less water
but also controlled the disease in desirable level.
Basati (2008) showed that chemical control de-
creased the infestation rate to about 20% but
sprinkler irrigation controlled leaf infestation up to
5%. Sprinkler irrigation has the advantage of pro-
ducing sugar vyield and sugar content similar to
furrow irrigation while consuming less water and
makes insecticide usage unnecessary.

Quality traits

Sugar beet quality traits such as N, Na, and K
were also influenced by irrigation method. Irriga-
tion method had significant (P < 0.05) effect on Na
content only. Under furrow and sprinkler irriga-
tions, N contente were 2.7 and 3.14 meq/100g
root and Na contents were 2.48 and 2.8 meq/100g
root, respectively. Therefore, N and Na content
under furrow irrigation was lower than sprinkler
irrigation but K content under furrow irrigation
was higher than sprinkler irrigation (Tables 2 and
3). Different studies showed that plants accumu-
late more N and Na under stress and the impuri-
ties decrease under normal irrigation (Carter et al.
1980; Fotohi et al. 2008; Abaspor 2003; Ebrahimi-
pak 2010; Jehadakbar 2003; Noorjo and Bagaee
2004). In this study, the N as well as Na accumula-
tion was lower under furrow irrigation than
sprinkler irrigation.

Significant difference was observed among the
cultivars for root yield (Table 2). Brigitta, Torbat,

and Pars with 65.13, 63.75, and 59.17 t ha™ root
yield were superior to the other cultivars. Among
the cultivars, Torbat with high root yield and me-
dium infestation is recommended for regions with
powdery mildew disease.
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