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stripe rust of barley
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Abstract

Stripe rust caused by Puccinia striiformis f. sp. hordei is most important foliar disease of barley causing
severe loss in favourable conditions. Stripe rust occurs in epidemic form in cool and moist regions. The
epidemiological factors influence the incidence and severity of the crop diseases. The present study is an
attempt to assess the role of weather parameters on stripe rust of barley disease development. The
experiment was conducted on susceptible barley variety RD 2035 grown under five different dates of
sown conditions at Rajasthan agricultural research institute, Durgapura (Jaipur) during 2016-17 and
2017-18. The weather factors (temperature, relative humidity, rainfall and sunshine hours) imparted an
important role in the progression of stripe rust. Significant variations in AUDPC were observed among
the crop planted at five different dates and the partial correlation was indicated that the weather factors
positively correlated with the disease severity in all the planting dates. In the multiple linear regressions,
the coefficient of determination was ranged from 0.59-0.77 which shows 59-77 per cent disease severity
under influence of six meteorological factors. The normal sown crops were more vulnerable to stripe rust
as compared to early and late sowing crops.
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Introduction

Barley (Hordeum vulgare L.) is an important coarse cereal crop of India, being grown in
northern plains as well as in northern hills, mostly under rainfed or limited irrigation condition
on poor to marginal soils. Sowing date is one of the most important factor which influence the
yield potential of any crop under given set of conditions (Dhillon and Uppal, 2019) BI. Barley
is grown in more than hundred countries (Sarkar et al., 2014) 81, Barley production has been
estimated at 1590 thousand tons from 618.4 thousand ha area with an average national
productivity of 25.73 g/ha. In India, Rajasthan is the largest state having >52% in production
and 46% area followed by Uttar Pradesh. (IIWBR, 2019-20) 19, Stripe rust caused by
Puccinia striiformis f. sp. hordei is a major biotic factor which limits barley production
especially in the northern western plains and northern hills of India (Verma et al., 2018) 24,
Historically stripe rust was commonly prevalent in cool and moist seasons. But in recent years,
stripe rust is emerging as a serious threat in warmer areas where the disease was previously
considered unimportant or absent due to movement of new aggressive strains of stripe rust
which have ability to adopt higher temperature into non-traditional areas (Hovmoller et al.,
2008) B, Many field crops can escape various diseases with the shifting of sowing time (Sud
and Singh, 1984) 2. Gradual increase in disease severity along with the advancement of
sowing dates resulted into reduction in yield. This is probably because of the change in
environmental condition, which might be congenial for disease development. Therefore, under
epidemic conditions and non availability of resistant varieties, cultural practices is the only
option in reducing rust severity as a component in integrated management of the disease.
There is very little information published on the different date of sowings and meteorological
parameters to manage barley stripe rust in India.

Material and Method

The experiments were laid out in completely randomized design (CRD) with four replications
during Rabi season 2016-17 and 2017-18 in cage house under artificial rust inoculation
conditions. The seeds of susceptible cultivar RD 2035 were sown by staggered sowing at 10
days interval initiated from 30" October, 10" Nov. 20" Nov., 30 Nov. and end with 10™
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December in 25 cm earthen pots. The inoculum suspension
was prepared by suspending the mixed pathotypes of PSH in
sterile distilled water (95ml) in which 5ml of Tween-20 was
added and shaked vigorously for uniform mixing of PSH
pathotypes. Prior to inoculation, the seedlings were sprayed
with fine mist of distilled water followed by smooth rubbing
of leaves by fingers to disturb the wax layer and to open the
stomata of leaves. In the periphery of the experiment, the
susceptible infector rows were grown and artificially
inoculated with mixture of races (G, M, 24 & 57) of stripe
rust using spray and dusting methods. The twenty five days
old plants of each sowing date was inoculated with mixed
pathotypes of PSH. After inoculation, plants were misted
again with hand sprayers and kept in saturated moist cloth
chamber for 48 hours. After that regular mist-sprays of water
were applied for creating optimum humidity in the pots (5
times per day). The effect of different epidemiological factors
viz., maximum, minimum and average temperature (°C),
maximum, minimum and average relative humidity (%),
rainfall (mm), sunshine hours (hrs/day) on the development of
stripe rust was studied with the barley plants sown on
different dates. The metrological data were collected from
Agro-meteorological observatory, Rajasthan Agricultural
Research Institute, Durgapura. Area under the disease
progress curve (AUDPC), which is a better indicator of
disease expression over time (Vander der Plank, 1963 23
Chaurasia et al. 1999) @ was calculated on the basis of rust
score recorded at weekly interval according to the formula
suggested by Milus and Line (1986) 131,

AUDPC = [N1(X;1 + X2)/2] + [N2(Xz + X3)/2] + [N2(Xs +
Xa)/2]

Where: X1, Xz, X3, — the rust intensities recorded on the first,
second and third; N1 — the interval day between X3 and Xp,
and N2 — the interval day between X, and Xs.

Correlation- Let Y, X; and X, be three variables, the
correlation between the two variables Y and X; after
removing the liner effect of variable X, is called the partial
correlation, denoted by the symbol ry 1, 2 and is estimates as
follows:

N, oK

’\/(1_ rYZZX:I_— 'izz)

Multiple linear regressions- Multiple regression of Y on X’s
isY= Bo+ B1X1+B2X2+. Lt BeXe

Suppose  Xi, X,... Xg are the cause of variation
(meteorological parameters) in Y (predicted disease severity)
then in the model PBo= Intercept, B;1 to Pe = Regression
coefficients. X; to X = Meteorological parameters, X; =
Maximum temperature (°C), X, = Minimum temperature (°C),
X3 = Relative humidity (%) morning, X4 = Relative humidity
(%) evening, Xs = Rainfall (mm) and X = Duration of
sunshine (hrs/day).

The inoculated plants were monitored regularly starting from
last week of November to observe the initial symptoms of
PSH. Disease severity (per cent infection) was recorded by
modified Cobb’s scale (Peterson et al., 1948) [ on randomly
tagged plants, with the appearance of symptoms. The severity
of stripe rust was recorded on weekly interval between 48%
Standard Meteorological Week (SMW) to 10" SMW during
both the years.

iz
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Results and Discussion

The results of two consecutive years have been described in
Table 1 to 6. Out of five sowing dates the lowest Area under
disease progress curve value was shown by 10 December
followed by 30 November in both the year of studies and
found statistically similar during 2016-17 and 2017-18. The
area under disease progress curve also different from October
30, November 10, 20, 30 and December 10. The AUDPC is a
quantitative measure of disease intensity with time. It is used
in plant pathology to indicate and compose level of resistance
to disease among, effect of weather factors and different date
of sowing. Lower AUDPC represented slower disease
progression and the high AUDPC represents faster disease
progression. Overall, both the seasons were normal but
rainfall during the crop season 2016-17 was reasonably
distributed and 27.7 mm higher than during 2017-18.
Considerable variations were noticed in both AUDPC with
plants sown on five different dates on stripe rust development.
Recent devastating epidemics have occurred in warmer areas
where the diseases was previously infrequent or absent
(Hovmoller et al., 2010; Mboup et al., 2009) [ 111,

In case of first date of sowing, primary infection appeared in
49" SMW (3" Dec. 2017 and 9™ Dec. 2017 respectively) and
AUDPC value were 5.2 and 16.8 both the seasons,
respectively. Second date of sowing, period between 8" to
10" SMWs the AUDPC values ranged from 315.3 to 328.2
which were higher as compared to first date of sowing
according to Wanyera et al. (2009) I the cool weather
conditions, frequent rainfall during the growth seasons of crop
which is highly favourable for yellow rust infection and
development.

The maximum disease progress was noticed in the plants
sown on third date of sowing as compared to other dates of
sowing. There was rainfall (22.4 mm) and favorable mean
temperature (14-20.45 °C), for rust development during 3™ to
8™ SM weeks which end result an abrupt increased in AUDPC
ranging from 146 to 381.1. Thereafter, the disease progression
was constantly increased in the 9" and 10" SM weeks with
AUDPC value 401.8 and 423.0 respectively. Study supported
by Fender (2004) [ the disease severity of cereal rust highest
in early-planted crop and delay of autumn planting date may
provide a useful cultural control method of rust pathogen.
Similarly, during second season, AUDPC value was 11.9 (51
SMWs). Thereafter, gradual increase in disease progress
during 2™ to 4" SMWSs with AUDPC ranging from 119.8 to
189.1. The disease rapidly increased in 5" to 7" SMWs
AUDPC ranged from 246.9 to 325.0 due to favorable weather
condition for rust development. Last three SMWs (8-10)
AUDPC value of 358.7. Other workers, Gupta et al. (2013) []
recorded that the highest disease prevalence due to conducive
environmental conditions coupled with virulent pathotypes
outbreak. The fourth sowing was done on 30" Nov. and initial
AUDPC value was 6.65 and 14.0 (SMW-1) during both the
season respectively. At last the AUDPC was calculated as
220.8 and 237.1 during 9™ and 10" SM weeks respectively. In
second season rust progression higher AUDPC was recorded
in the 81" SMW (204.3) followed by 9" and 10™ ranging from
214.9 and 220.5 respectively. The area under disease progress
curve (AUDPC) was maximum in susceptible and zero in
resistance verities Sandhu et al. (2016) 71,

The last date of sowing strip rust appeared late due to cool
weather conditions during SMW 1% - 3" resulting in longer
incubation period. During this DOS the rust progression was
less as compared to four other dates of sowing. The AUDPC
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in 4" SM week was 6.3 and after that in 5" to 10" SM weeks
slow rust progression were noticed ranging from 14.4 to
172.1. Similar results found in second cropping season the
AUDPC range 8.8-37.9 in the 2" and 3 SMWs and
thereafter it increased from 74.2 to 174.8 in between 4™ to 71"
SMWS. The disease progress was very slow in last 81 to 10t
SMW which ranged between 187.1- 199.0 The optimum
temperature for development of stripe rust in plants is 13-
18°C. Under optimum conditions, the time from inoculation
to sporulation is 12-13 days (Line, 2002; Davis & Jackson,
2002) 341,

During the first cropping season 2016-17, the period between
4" to 8" SM weeks was found most favorable with minimum
(17.2), maximum (20.45) average temperature and rainfall
(22.4 mm) for stripe rust development with high AUDPC
values. During the second cropping season 2017-18, the
period between 4™ to 7" SMWs (22" Jan. to 12" Dec.) was
found most favourable with minimum (15.95 °C), maximum
(19.2 °C) average temperature and rainfall (1.4 mm) for stripe
rust development with high AUDPC (Table 1 and 3). Murray
et al. (2005) [ observed that the infection efficiency of rust
pathogen affected by meteorological parameters. Temperature
and humidity play an important role in disease infection.
Infection requires high humidity for 4 to 6 hr at 10 to 15 °C.
Infection seldom occurs below about 2 °C and ceases above
23 °C.

Correlation analysis of various epidemiological factors with
the severity of stripe rust in five different DOS during 2016-
17 and 2017-18 were performed to know the any significant
association among them. Correlation analysis of per cent rust
severity with weather parameters indicated that maximum
(29.9 °C) and minimum (5.7 °C) temperature and sunshine
hours had positive but non-significant correlation with the
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disease severity. However, statistically analysis of rainfall
showed positive correlation but non-significant with the
disease severity at all different dates of sowing during 2016-
17 (Table 2). Work supported by Singh et al. (2007) 19
relationship between weather parameters and occurrence of
stripe rust, Maxi. and mini. Temp., wind speed, evaporation
and sunshine hours showed positive correlation, whereas
morning and evening relative humidity and rainfall showed
negative correlation with stripe rust intensity. Perusal of the
data presented in Table 5 indicated that under I, 1l and IlI
DOS, the temperature (maximum and minimum) and sunshine
hours had non-significant but positive correlation with the
disease severity. In case of IV and V DOS indicated that the
temperature (maximum and minimum) had positive
significant correlation and sunshine indicated positive non
significant correlation with disease severity. Salman et al.
(2006) [ reported that the stripe rust have been showing
highly positive correlation with minimum temperature,
relative humidity and rainfall.

Multiple linear regressions: - Perusal of the data presented in
Table 3 and 6 indicated that coefficients of | to V DOS (R?)
were 0.71 to 0.75 and 0.59 to 0.77. It indicated that there was
71 to 75% influence of six meteorological factors and the
remaining 25 to 29% variations were unexplained which
showed that 71 to 75 per cent disease severity was depended
on the meteorological factors taken into consideration during
cropping season with all different dates of sowing.. which was
in confirmation with the findings of others workers who
reported that stripe rust severity had strong correlation with
maximum temperature, minimum temperature and sunshine
hours having ‘R’ value of 0.45, 0.3 and 0.47, respectively
Ahmed et al. (2010) 4,

Table 1: Effect of epidemiological factors on the progression of stripe rust of barley with different date of sowing during Rabi 2016-17

H Ha H *
Standard Dates of Temperature (°C) Relatlv?oz)umldlty Rainfall [BSH Agggﬁ
week - \meteorological weeks = T viax] Min, [Mean| ™™ | (") 3556t 70 Nov. 120 Nov. |30 Nov. | 10 Dec.
48 | 2611161021216 | 264 | 134 | 199 | 70| 38 | 54 | 00 |60] 0 0 0 0 0
49 | 312.16109.12.16 | 27.8 | 108 | 193 | 80 | 29 | 545 | 19 |89] 52 0 0 0 0
50 | 10.12.16t016.12.16 | 27.6 | 134 | 205 | 72 | 34 | 53 | 2.3 |79 165 | 8.0 0 0 0
51 | 17.12.161023.12.16 | 254 | 89 |1715| 73| 19 | 46 | 00 |92 326 | 222 0 0 0
52 | 2412.16t031.12.16 | 259 | 102 |18.05| 87 | 31 | 59 | 00 |87 | 634 | 449 | 1435 | 0 0
1 1117t07.1170 | 232 | 104 | 168 | 89 | 45 | 67 | 00 |82 | 879 | 759 | 51 | 665 0
2 81171014117 | 193 | 57 | 125 |82 | 29 | 555 | 0.0 |80 |1109| 1112 | 8585 | 2815 | O
3 151171021117 | 206 | 7.4 | 140 | 70| 28 | 49 | 00 |84 |1381| 1528 | 146 | 474 0
z 221171028117 | 231 | 122 |1765] 77 | 49 | 63 | 224 |65 |1731| 195 | 2041 | 768 | 63
5 29117104217 | 242 | 122 | 182 | 82 | 45 | 635 | 0.0 |88 |209.7| 2459 | 260.9 | 1125 | 144
6 5217t011.217 | 240 | 104 | 172 | 82| 58 | 70 | 00 |86 |2381| 289 | 2995 | 1391 | 263
7 122171018217 | 272 | 106 | 189 | 77 | 36 | 565 | 00 | 9.1 |2715| 3157 | 347.5 | 1665 | 63.2
8 102171025217 | 287 | 122 |2045| 72 | 24 | 48 | 00 | 9.8 |30L1| 3345 | 38L.1 | 196.2 | 925
9 26217104317 | 299 | 152 |2255| 54 | 21 | 375 | 64 |87 |3136| 3496 | 401.8 | 220.8 | 1282
10 5317t011.3.17 | 27.7 | 138 |20.75| 61 | 29 | 45 | 3.8 |86 |3238| 359.1 | 4230 | 237.1 | 172.1

* AUDPC- Area under disease progress curve, Mean of four replications. ** DOS- Date of sowing, Observation started 7days after inoculation
and at weekly intervals. 1t Sown- 30 Oct. 2016 2" 10 Nov. 2016 3920 Nov. 2016 4" 30 Nov. 2016 5" 10 Dec. 2016

Table 2: Correlation of epidemiological factors with the progression of stripe rust of barley during Rabi 2016-17

o Temperature (°C) .
Epidemiological Factor Max Mini Rainfall (mm) BSH (hrs)
1 DOS 0.16 0.26 0.17 0.36
11 DOS 0.16 0.27 0.17 0.34
111 DOS 0.21 0.33 0.19 0.32
IV DOS 0.30 0.40 0.17 0.32
V DOS 0.42 0.49 0.13 0.32

DOS — Dates of sowing
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Table 3: Multiple linear regressions of epidemiological factors and stripe rust of barley during Rabi 2016-17

Date of sowing Constant (a) X1 X2 X3 X4 Xs X R?
1 DOS -3.06 -3.76 2.90 -2.09 1.42 1.03 24.78 0.71
11 DOS 3.51 -3.87 2.39 -2.70 1.98 1.11 28.63 0.73*
111 DOS -1.08 -3.68 2.73 -3.30 2.30 1.29 32.32 0.74*
IV DOS -6.78 -1.20 1.39 -1.80 1.13 0.56 16.30 0.75*
V DOS 2.29 -0.40 1.52 -0.95 0.26 0.16 7.37 0.71
X1 = Maximum temperature (°C) X2 = Minimum temperature (°C)

X3 = Relative humidity (%) morning

Xs = Rainfall (mm)

R? = Coefficient of determination

X4 = Relative humidity (%) evening

Xs = Sun shine hours/day

**significant

Table 4: Effect of epidemiological factors on the progression of stripe rust of barley with different date of sowing during Rabi 2017-18

Temperature | Relative Humidity AUDPC*
Standard Dates of Meteorological (°C) (%) Rainfall |BSH DOS**
week weeks . . (mm)  |(hrs)] 30 10 20 30 10
Max.[Min.|Mean Max | Min. | Mean oct. | Nov. | Nov. | Nov. | Dec.
48 26.11.17t0 2.12.17 28.3|11.0|19.65] 59 16 375 0.0 871 0 0 0 0 0
49 3.12.17109.12.17 24.4011.40/17.90| 64 30 | 47.00 0.0 45]168 | 0.0 0.0 0.0 | 0.0
50 10.12.17 t0 16.12.17 23.8010.0016.90 65 33 | 49.00 5.4 66| 475|175 | 0.0 00 | 0.0
51 17.12.17 t0 23.12.17 25.008.40(16.70| 62 19 | 40.50 0.0 72| 710|405 ]| 119 | 0.0 | 0.0
52 24.12.16t0 31.12.17 24.907.90(16.40] 79 24 | 51.50 0.0 85949 (805|319 ]| 00 | 00
1 1.1.18t07.1.18 22.50/6.00(14.25| 88 24 | 56.00 0.0 7.9(129.4[119.9| 684 | 140 | 0.0
2 8.1.18t0 14.1.18 23.806.40(15.10] 80 18 | 49.00 0.0 9.11157.0|169.6 | 119.8 | 436 | 8.8
3 15.1.181021.1.18 26.708.10(17.40] 71 18 | 44.50 0.0 8.9|173.3[195.7 | 1456 | 76.4 | 37.9
4 22.1.181t028.1.18 23.90/8.00|15.95| 84 29 | 56.50 1.4 8.2191.5|211.9|189.1 | 104.6 | 74.2
5 29.1.18t04.2.18 27.5010.90[19.20] 61 19 | 40.00 0.0 8.8 206.0 | 231.0 | 246.9 | 138.7 | 125.1
6 5.2.181t011.2.18 24.609.80(17.20] 50 19 | 34.50 0.0 6.6 |242.8 | 273.2 | 296.5 | 167.6 | 160.4
7 12.2.18 t0 18.2.18 25.80/10.0017.90| 69 23 | 46.00 0.0 8.41266.9|307.6 | 325.0 | 186.0 | 174.8
8 19.2.18 t0 25.2.18 31.1014.60[22.85| 65 22 | 4350 0.0 8.7 1278.4|315.3 | 342.3 | 204.3 | 187.1
9 26.2.18t04.3.18 31.90/16.4024.15| 63 21 | 42.00 0.0 8.6 | 287.8 | 323.2 | 350.7 | 214.9 | 193.2
10 5.3.18t0 11.3.18 31.5015.40[23.45| 53 17 | 35.00 0.0 9.3292.3|328.2 | 358.7 | 220.5 | 199.0
* AUDPC- Area under disease progress curve, Mean of four replications.
** DOS- Date of sowing, Observation started 7days after inoculation and at weekly intervals
1%t Sown- 30 Oct. 2017 2M 10 Nov 2017 3420 Nov 2017 4™ 30 Nov 2017 5t 10 Dec 2017
Table 5: Correlation of epidemiological factors with the progression of stripe rust of barley during Rabi 2017-2018
o Temperature (°C) .
Epidemiological Factor Maximum Minimam Rainfall (mm) BSH (hrs)
I DOS 0.48 0.39 -0.23 0.48
11 DOS 0.49 0.38 -0.26 0.51
111 DOS 0.53 0.47 -0.22 0.44
IV DOS 0.58* 0.55* -0.17 0.41
V DOS 0.56* 0.59* -0.13 0.34
DOS- Dates of sowing, *Significant at 5%
Table 6: Multiple linear regressions of epidemiological factors and stripe rust of barley during Rabi 2017-18
Date of sowing Constant (a) X1 X2 X3 X4 Xs Xs R?
I DOS 106.72 -14.80 13.37 -0.79 1.89 -9.34 24.92 0.59
11 DOS 120.35 -17.92 15.89 -1.12 2.57 -12.40 31.67 0.62
111 DOS 154.91 -21.65 19.62 -1.70 3.47 -15.34 37.17 0.70
IV DOS 69.02 -11.57 11.02 -1.13 2.35 -8.95 21.56 0.72
V DOS 69.97 -11.04 10.06 -1.43 2.94 -9.67 21.49 0.77*
X1 = Maximum temperature (°C) X2 = Minimum temperature (°C)
X3 = Relative humidity (%) morning X4 = Relative humidity (%) evening
Xs = Rainfall (mm) Xs = Sun shine hours/day
R? = Coefficient of determination * Significant
Conclusion epidemiological ~ factors. Minimum and  maximum

Maximum disease severity was observed in timely sown crop
101 -20™ November (AUDPC: 323.8 - 423) while, minimum
disease severity was recorded in late sown crop on 10%
December (AUDPC: 172.1). There was sharp increase in
AUDPC between 1 to 8" standard meteorological week due to
favorable weather conditions for the stripe rust. The
development of stripe rust in barley was influenced by various

temperature, rainfall and bright sunshine hours showed
positive, while maximum, minimum and mean relative
humidity showed negative correlation with rust progression.
The coefficient of determination ranged from 0.59 - 0.77
which indicated significant relationship between stripe rust
progression and epidemiological factors with all the planting
dates. Thus it is recommended that barley may be sown
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before November 20 to avoid losses caused by stripe rust
disease.
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