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esa dh xbZ A rfeyukMq  ls izkIr uewuksa esa dsoy izHksn 12&5¼29vkj45½] 77&5¼121vkj63&1½ ,oa 77&9¼121vkj60&1½ ik;s 

x;s gSa A xsgw¡ ,oa tkS dh  ,ohVh] ,uchMh,l,u vkSj bchMh,l,u lfgr 1635 ykbuksa dks jrqvk jksx ds fofHkUu izHksnksa ds 

fo:} ij[kk x;kA Hkwjk jrqvk dks LVhd :Ik ls igpkuus ds fy, ekbØkslsVsykbZV ekdZj rFkk fj;y VkbZe & ihlhvkj ij 

vk/kkfjr ,d fof/k dks fodflr fd;k x;kA  xsgw¡ esa  Mh,p cukus ds izksVksdkWy dk ekudhdj.k fd;k x;k rFkk Mh,Uk, 

ekdZj ds mi;ksx ls xsgw¡ dh 40 Hkkjrh; fdLeksa esa Ok;Ld ikni ,oa lhMfyax izfrjks/k thUl ¼okbZvkj18] ,yvkj68] 

,lvkj2] ,yvkj24] ,lvkj28] okbZvkj9½ dk ikrk yxk;k x;k A xsgw¡ ds rhu vkuqoaf'kd LVkWd ¼,Q,yMCY;w 31] 32] 

33½ dks ;wth 99 izHksnksa ds fo:} izHkkoh ik;k x;kA  fiNys o’kZ ds 16 ØkWl ls izkIr larfr;ksa dks jrqvksa ds mi;qDr izHksnksa 

ds fo:} tkapk x;k rFkk  vkuqokaf'kd  ,oa thu fijkfefMax ds v/;;u  gsrq  mi;qDr ykbZuksa dks [ksr esa  izR;kjksfir 

fd;kA  xsgw¡] tkS] tbZ vkSj vylh ds fofHkUu jrqvk  izHksnksa dk j[k&j[kko fd;k x;k vkSj vko';drkuqlkj buesa ls dqN 

izHksnksa dks  44 oSKkfudksa@dsUnzksa dks vuqla/kku dk;Z ds fy, Hkstk x;kA xsgw¡ dh fofHkUu jksxksa rFkk muds QSyus dh 

fuxjkuh gsrq fofHkUu LFkkuksa ij MCY;wMh,e,u vkSj lkdZ MCY;wMh,e,u ulZjh dks yxk;k x;kA 

 All the three rust of wheat and yellow rust of barley were noticed on off season/summer 

crop (2015-16) and wheat disease monitoring nurseries. Black rust was observed at Wellington 

(Tamil Nadu), yellow rust at Dalang Maidan (Himachal Pradesh) and brown rust at Dalang, 

Kumkumseri, Shimla (H.P.) and Wellington (Tamil Nadu). Brown rust was first noticed on 3
rd

 of 

October, 2016 on some lines of wheat disease monitoring nursery (WDMN) planted at Shimla. 

However, Yellow rust on main wheat cropping season (2016-17) was first noticed on a cv. 

HD2967 in a farmer’s field of Dabkhera village, Ropar district of Punjab (30
th

 Dec., 2016). The 

disease focus was treated with chemical to contain the infection. For monitoring the disease 

situation in off-season crop and disease monitoring nurseries, total 138 samples of wheat rusts 

were collected/received and 59 samples of all three rust of wheat and yellow rust of barley have 

been analyzed so far. In black rust (Puccinia graminis f. sp. tritici, Pgt), pt. 40A (62G29= 

PTHSC) was identified in all 10 samples analyzed. In yellow rust (Puccinia striiformis f. sp. 

tritici, Pst), 34 samples has been analyzed till the end of December, 2016. Five Pst (46S119, 

110S119, 238S119, 78S84, 7S0) and two Puccinia striiformis f. sp. hordei (M and 57) 

pathotypes were identified. The frequency of occurrence of pt. 46S119 was highest (42.85%) and 

followed by pt. 110S119 (32.35%). In Puccinia triticina (brown rust), six pathotypes (12-5, 12-7, 

77-5, 77-9, 104-2, 104-3) were identified in 15 samples collected from Himachal Pradesh and 

Tamil Nadu. Seedling resistance test (SRT) was performed to identify the rust resistant sources 

in 1635 lines against different pathotypes of three rust of wheat and barley. A diagnostic method 
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based on microsatellite markers and real-time PCR was developed for rapid and sensitive 

detection of brown rust of wheat. Doubled haploid (DH) production protocol was standardized in 

bread wheat. Robust DNA marker were used to identify Adult Plant Resistance genes 

Yr18/Lr34/Sr57, Lr68, Sr2 and all stage resistance genes Lr24/Sr24, Sr28 and Yr9/Lr26/Sr31 in 

40 Indian wheat varieties. Three rust resistant genetic stocks of wheat (FLW31, FLW32 and 

FLW33) found effective against Ug99 virulences. Studies on wheat rust interaction at molecular 

level were conducted.  Repository of pathotypes of different rust pathogens of wheat, barley, oat 

and linseed was maintained and inoculum of wheat and barley rusts was supplied to 44 

centers/Scientists. For monitoring the occurrence/spread of different diseases of wheat, WDMN 

and SAARC-WDMN were planted at different locations. 

 

2. Occurrence of rusts on summer and regular crop of wheat and barley 

 The off-season wheat crop (2015-16) witnessed occurrence of all the three rusts of wheat. 

Black rust was observed at Wellington (Tamil Nadu) and yellow rust in different areas of 

Himachal Pradesh. The occurrence of brown rust was noticed in the regions of Tamil Nadu and 

H.P. Barley yellow rust was noticed at Dalang Maidan, Lahaul and Spiti district of Himachal 

Pradesh. Brown rust was also observed on some entries of wheat disease monitoring nursery, 

planted at Regional Station, IIWBR, Shimla. It was first observed on 3
rd

 of October on WDMN 

at Shimla. Yellow rust on wheat crop of main season (2016-17) was first noticed on a cv. 

HD2967 in a farmer’s field of Dabkhera village, Ropar district of Punjab (30
th

 Dec., 2016). A 

team (Drs. O.P. Gangwar, P.L. Kashyap from IIWBR, R.S. Shimla, P.P.S. Pannu, Jaspal Kaur 

from PAU, Ludhiana and Ashok Kumar from KVK, Anandpur Sahib) visited the site of yellow 

rust occurrence. There was a single focus in an area about 0.5 Sq m (4-6 infected hills). The 

concerned farmer was advised to spray the fungicide. In other visited areas, the crop condition 

was good. The disease prone areas in the sub- mountainous regions will now be regularly 

monitored for the occurrence  of yellow rust infection to check its further spread. 
 

3. Wheat and barley rust samples received/collected 

 A total of 138 samples of wheat rusts were received/collected from off season crop and 

wheat disease monitoring nurseries. All the black rust samples were received from Tamil Nadu 

and yellow rust from Himachal Pradesh. Four barley yellow rust samples were collected from 

H.P. (Table 1). 
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4. Pathotype distribution of Puccinia species on wheat and barley 

 Of the 138 samples of wheat and barley rusts (Table 1), 59 have been analyzed till 

31.12.16, others are being followed. In black rust (Puccinia graminis f. sp. tritici, Pgt), pt. 40A 

(62G29= PTHSC) was identified in all 10 samples analyzed. 

 

Table 1: Samples of wheat and barley rusts received up to 31.12.2016 

 
S. No. 

 
States 

 
Total no. of samples received 

 
Rusts 

Black Brown 
Yellow 

Wheat Barley 
1 Tamil Nadu 38 29 09 - - 

2 
Himachal 

Pradesh 
100 - 11 85 04 

 Total 138 29 20 85 04 

 
In yellow rust (Puccinia striiformis f. sp. tritici, Pst), only 34 has been analyzed till the end of 

December, 2016. Five Pst (46S119, 110S119, 238S119, 78S84, 7S0) and two Puccinia 

striiformis f. sp. hordei (M and 57) pathotypes were identified. The frequency of occurrence of 

pt. 46S119 was highest (42.85%) followed by pt. 110S119 (32.35%). Other pathotypes were 

identified only in few samples. Each pts. M and 57 (barley yellow rust pathogen) was identified 

in one sample. In Puccinia triticina (brown rust), six pathotypes (12-5, 12-7, 77-5, 77-9, 104-2, 

104-3) were identified in 15 samples collected from Himachal Pradesh and Tamil Nadu. 

Pathotype 77-5 (121R63-1=THTTM) and 77-9 (121R60-1=MHTKP) were observed in equal 

frequencies (26.67%).   From Tamil Nadu, pts. 77-9, 77-5 and 12-5 were identified in four, two 

and one samples, respectively (Table2). 
 

5.   Seedling resistance test in wheat and barley against rust pathotypes 

 Seedling resistance test (SRT) was performed under controlled conditions to evaluate 

1635 wheat and barley lines against the virulent pathotypes of black rust (Puccinia graminis f. 

sp. tritici), brown rust (Puccinia triticina) and yellow rust (Puccinia striiformis f. sp. tritici) of 

wheat and black rust (Puccinia graminis f. sp. tritici), brown rust (Puccinia hordei) and yellow 

rust (Puccinia striiformis f. sp. hordei) of barley having different avirulence/virulence structure. 

These lines comprised of advance varietal trial (AVT I and II=151), EBDSN & NBDSN (225), 

released cultivars (417), wheat germplasm (437) and breeder’s material (405). In advance wheat 

material, SRT is being repeated with multiple pathotypes of all three rusts to confirm the reaction 

types. The details of the material studied for seedling resistance test is depicted in Table 3.
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Table- 2: Pathotype distribution of wheat and barley rust pathogens up to 31.12.2016 

State 

Puccinia graminis 

f. sp. tritici 
Puccinia striiformis f. sp. tritici / Puccinia striiformis f. sp. hordei Puccinia triticina 

# 

Pathotype 

# 

Pathotype 

# 

Pathotype 

40A 46S119 110S119 238S119 78S84 7S0 

0S0 

(57) 

* 

1S0 

(M)* 
104-2 104-3 12-5 12-7 77-5 77-9 

Himachal Pradesh - - 34 15 11 4 1 1 1 1 8 1 1 1 3 2 - 

Tamil Nadu 10 10 - - - - - - - - 7 - - 1 - 2 4 

Total 10 10 34 15 11 4 1 1 1 1 15 1 1 2 3 4 4 

GT 59 

# No. of isolates analyzed, * Pathotypes of Puccinia striiformis f. sp. hordei, Black/stem rust:40A (62G29)=PTHSC, Brown/leaf rust: 12-5 

(29R45)=FHTPM, 12-7 (93R45)=FHTTL, 77-5 (121R63-1)=THTTM, 77-9 (121R60-1)=MHTKP, 104-2 (21R55)=PHTTL, 104-3 (21R63)=PHTTL.  

 
Table-3: Details of wheat and barley material’s SRT up to 31.12.2016 

S. No. Description No of Lines 
Pathotypes 

Puccinia graminis f. sp. tritici Puccinia triticina Puccinia striiformis f. sp. tritici 

1 Dr Raghu BR, VPKAS, 

Almora, wheat germplasm 

55 - 77-5 and 104-2 46S119, 110S84, 238S119, 

110S119 and 78S84 

2 Dr A Gupta, IIWBR, Karnal, Wheat germplasm 437 117-6, 40A and 11 77-5, 77-9 and 104-2 110S119, 238S119 and 110S84 

3 Dr R Chatrath, IIWBR, Karnal, PYT-2016-17 

wheat lines 

64 107-6 77-5 and 104-2 46S119 and 110S119 

4 Dr RS Beniwal, CCSHAU, Hisar 17 - Multiple pathotypes Multiple pathotypes 

5 Dr DP Singh, IIWBR, Karnal, Released wheat 

cultivars 

417  77-9 110S119, 238S119 and 110S84 

6 Dr Prakash TL, IARI, Indore, Wheat lines 200 - - 46S119 and 110S119 

7 Dr Sudheer Kumar, IIWBR, Karnal, AVT I & II 151 Multiple pathotypes Multiple pathotypes Multiple pathotypes 

8 Dr Sudheer Kumar, IIWBR, Karnal EBDSN & 

NBDSN 

225 Selected Mix Selected 

9 Dr JC Rana, NBPGR, Delhi, Wheat accessions 69 11 and 40A 77-5 and 77-9 110S119, 238S119 and 110S84 

Total 1635 
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6. Microsatellite based diagnostic assay for rapid and sensitive detection of 

brown rust of wheat 

 Early detection of infection is very important for efficient management of brown rust of 

wheat. To monitor and quantify the occurrence of this fungus, a diagnostic method based on real-

time PCR was developed. The developed PCR based assay showed amplification product of 

~180 bp in genomic DNA of P. triticina pathotypes using primer FDL-Pt-SSR7. No 

amplification was observed in black and yellow rust pathotypes affecting wheat and barley. 

SYBR Green based quantification assay for the detection of P. triticina in infected wheat 

seedlings (Pt 77-5) was developed and validated. The detection limit for Pt genomic DNA was in 

the range from 100 to 0.001 ng/µl and showed 98% level of sensitivity. Quantitative real-time 

PCR method was developed which proved to be rapid, sensitive, specific, cost-effective and 

reliable for the identification and quantification of Pt in plant hosts. 

 

Fig 1: PCR amplification of genomic DNA of Pt pathotypes using primer pair FDL-Pt-SSR7F and FDL-

 Pt-SSR7R showing amplification product of ~180 bp. Lane L is a 100-bp DNA marker. Lanes 1-

 50 = Pt pathotypes; Lane 51-61= Pgt pathotypes; Lane 62-65 = Pst pathotypes; Lane 66-71 barley 

 yellow rust pathotypes. 

 

7. Genetic studies and development of rust resistant genetic stocks 

i. Standardization of Doubled haploid (DH) production protocol in bread wheat 

Wild crosses have been utilized for the production of doubled haploids (DH) for crop 

improvement and genetic studies. The effect of haploid induction in wheat F1s by Zea mays, 
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Imperata cylindrica; and growth environments was investigated. In this study four F1 hybrids of 

spring wheat cross LWH/VL616, HPW266/Yr15, HS490/HI1563 and Local Red/WHD938 were 

used. DH plant production via maize and I. cylindrica technique were equally efficient as was 

evident from LWH/VL616 F1 plants which were field grown during 2015-16 winter-spring 

season. In second environment, four F1 hybrids viz. LWH/VL616, HPW266/Yr15, HS490 

/HI1563 and Local Red/WHD938 were grown in a greenhouse with controlled temperature and 

light conditions and pollinated with maize. Efficiency of DH production was considerably high 

from greenhouse grown F1s as compared to field grown F1s. Results obtained with different F1s 

varied considerably for haploid embryo recovery, embryo regeneration and DH plant produced. 

Among four F1s Cross LWH x VL616 showed the highest frequency and percentage for embryo 

recovery, embryo regeneration and DH production.   

Table 4: Relative efficiency of DH production by maize pollination in four F1s grown under 

greenhouse condition during Aug-Dec 2016. 
 

F1 hybrid 

No. of 

florets 

pollinated 

Caryopses 

developed 

Embryos 

recovered 

Embryo 

regeneration 

Doubled haploid 

plants produced 

n % n % n % n %# %$ 

LWH/VL616 1230 1078 87.6 246 22.8
ab

 135 54.9
ab

 94 69.6
a
 7.64

a
 

HPW266/Yr15 1432 1285 89.7 196 15.3
a
 89 45.4

a
 57 64.0

b
 3.98

b
 

HS490/HI1563 1635 1488 91.0 208 14.0
b
 103 49.5

b
 70 68.0

b
 4.28

c
 

LR/WHD938 1370 944 68.9 56 5.9
c
 22 39.3

c
 12 54.5

c
 0.86

d
 

Total/mean 5667 4795 88.6 706 14.7 349 49.4 233 66.7 4.11 

Percentages bearing different letters differ significantly at P=0.05 (z-test), #: percent calculated from regenerated 

embryos, $: percent calculated from no. of florets pollinated 

 The seeds of each DH plant constitute a different fixed line. DH population of 

LWH/VL616 will be used for identification of slow rusting gene for leaf and stripe rust. More 

DH plants are required for the cross HPW266/Yr15 and HS490/HI1563 for their use in wheat 

breeding programme.  
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Fig 2: regenerated embryos forming haploid plants; b) doubled haploid plants at acclimatization stage 

 

Durum cross Local Red/WHD938 was least responsive to DH induction. With the efficiency in 

the present investigation growing of 40 to 60 F1 seeds will be required to get 200 to 300 fertile 

doubled haploid plants. 

ii. Characterization of rust resistance in wheat lines: 

More than 480 wheat lines were screened using virulent pathotypes of the three rusts. 

During the season sixteen segregating populations were evaluated and planted for generation 

advancement. In the off-season nursery 1585 lines of segregating material were advanced.  

Besides this, studies on resistance pattern were performed and gene postulations based on gene 

matching technique was accomplished.  

iii. Identification of rust resistance genes through gene postulation and robust markers:  

Forty varieties comprising of bread wheat, durum and triticale identified during 2010-

2014 were evaluated for resistance to Indian pathotypes of leaf, stem and yellow rusts at seedling 

stage under controlled conditions. Eight Lr genes (Lr1, Lr10, Lr13, Lr14a, Lr19, Lr23, Lr24 and 

Lr26) were characterized based on differential host pathogen interactions. Three Yr genes (YrA, 

Yr2 and Yr9) were inferred in 40 genotypes where Yr2 followed by Yr9 were most frequent in 

conferring stripe rust resistance. Ten Sr genes viz Sr2, Sr5, Sr8a, Sr7b, Sr9b, Sr9e, Sr11, Sr13, 

Sr24 and Sr31 were postulated in these lines. These Lr, Sr and Yr genes were observed singly or 

in combination. Robust DNA marker were used to identify Adult Plant Resistance genes 

Yr18/Lr34/Sr57, Lr68 and Sr2 and all stage resistance genes Lr24/Sr24, Sr28 and Yr9/Lr26/Sr31. 

STS marker iag95 showed presence of Yr9 in four additional cultivars which were resistant to 

one or more rusts. Sr28 was identified in eleven varieties through wPt7004 marker (Fig. 2). 
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Fig 3: Co-dominant marker wPt7004 showing presence of 196bp band in eleven varieties and 

166bp band in remaining twenty-nine varieties  

 

iv. Development of rust resistant genetic stocks with diverse resistance genes 

 Five wheat rust resistant genetic stocks (FLW31, FLW32, FLW33, FLW34 and FLW35) 

developed by ICAR-IIWBR Regional Station, Shimla were screened during 2016 for seedling 

resistance and adult plant reaction against most prevalent pathotypes of three rusts (Table 5 & 6). 

Among these five stocks FLW31, FLW32 and FLW33 also confer resistance to Ug99 virulences. 

 

Table 5. Adult plant resistance test of five genetic stocks against brown, black and yellow 

rusts during 2016 off-season under polyhouse conditions. 

Genetic 

 stock 
Pedigree 

Black  

rust 

Brown 

rust 

Yellow 

rust 

FLW31 HI1500*1/KS10-2 C83.4 (Sr43) 5MR 10MR 30S 

FLW32 EAGLE(Sr26)/2*RAJ3765 10MR 30MS 30S 

FLW33 C77.19(Sr32)/1*HI1500 10MR 10MR 30S 

FLW34 
CMH79A-955//AGA/4*T171/3NAC-76/ 

1*HI1077 
20MR 5MR 30S 

FLW35 VL907/FLW21 10MR 10MR 10MR 
 

8. Studies on molecular basis of host-pathogen interactions and 

polymorphism 
Plants use various defense strategies to counter attack by particular pathogens. Resistance 

(R) gene mediated defense responses include altered expression of pathogenesis-related (PR) 

genes involved in ROS generation, HR activation, lignin biosynthesis and callose deposition. 

The analysis of changes in expression patterns of PR genes is essential for understanding 

mechanism underlying resistance to the pathogens and devising strategies for resistance 

breeding. In wheat, several race-specific Lr genes, providing resistance to virulent pathotypes of 

Pt, have been identified. Leaf rust resistance gene Lr24 confers all stage resistance to all the 

known Pt pathotypes from India. Therefore, in present study, attempts have been made to reveal 
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the behavior of the PR genes in wheat near isogenic lines differing in presence (resistant; 

HW2020) and absence (susceptible; HS240) of Lr24 during leaf rust infection. 

The quantitative real time PCR studies were conducted to study the expression profiling 

of ten defence related PR genes viz., Phenylalanine ammonia-lyase and Caffeic acid O-methyl 

transferase (COMT1), Class III Peroxiidase (PRA2), Aquaporin (AQP1), β-1,3- glucanases 

(PR1), Chlorophyll a/b-binding protein WCAB precursor (WCAB), β-1,3- glucanases (PR2), 

Endochitinase (PR4), Type 1 non-specific lipid transfer protein precursor (LTP1), Class III 

Peroxiidase (PR9) and Phenylalanine ammonia-lyase (PR10) at seven time points in inoculated 

and mock-inoculated susceptible and resistant wheat NILs. The expression profiles of PR genes 

were determined as relative expression, where the test genes indicated a distinct expression 

pattern at specific time-point in mock inoculated and inoculated susceptible and resistant wheat 

plants. The AQP1, PR4, COMT1, LTP, PR1, PR2, and PR10 expression levels were higher in 

resistant host; whereas PRA2, WCAB and PR9 expression levels were higher in the susceptible 

host. The PR gene expression analysis in present study showed that the maximum defense 

activity of the genes, whose expression was more pronounce in incompatible interaction; 

occurred during the pre-haustorial infection of wheat leaves by Pt. These findings improve our 

understanding of molecular basis of compatible and incompatible interactions between wheat 

and Pt.  

 

Fig. 4: Differential expression of TaNPR1 gene in compatible and incompatible 

interactions of P. triticina and wheat. 
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Expression analyses of transcription factors (TFs) involved in SAR defense signaling pathways 

were also analyzed using the real time PCR in the same experiment as discussed above. TFs 

were differentially expressed in incompatible and compatible interactions of P. triticina and 

wheat. The expression of TF TaNPR1 was almost similar at most of the time points except at 48 

hpi, where its expression was significantly higher in incompatible interaction (Fig. 4). Sugars and 

sugar metabolism are known play essential role in plant defense signaling and responses. Role of 

candidate genes involved sugar metabolism in stripe rust and wheat interactions will be studied 

using the quantitative real time PCR. 

Polymorphism  

Genome and transcriptome data of P. striformis and P. triticina were used to develop 

microsarellite markers. The microsatellite markers were screened for polymorphism detection 

and the informative markers were used genotype P. striformis and P. triticina pathotypes (Fig. 

5). Genotypic data of pathotypes will be used for genetic diversity and population structure 

analyses of pathotypes. Further, cross species amplification ability of designed microsatellite 

markers was investigated and will be utilized for genetic studies, diagnostics and characterization 

of rust pathotypes.  

 

      Fig 5. Genotyping of rust pathotypes using the genomic and EST based microsatellites 

 

9. Maintenance and supply of nucleus inoculum of wheat and barley rusts 

 A collection of 130 pathotypes of different rust pathogens of wheat, barley, oat and 

linseed was maintained in live culture as well as cryo-preserved. During the period 

nucleus/bulk inoculums of different rusts of wheat and barley was supplied to 44 

centers/Scientists working under public and private sector across India (Table 7) for the 

smooth conduct of rust research. 
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Table 6. Seedling resistance test data of five genetic stocks under artificial controlled conditions during 2016-17 

Genetic stock 
Brown rust Black rust Yellow rust 

12-5 77A 77-2 77-5 77-7 77-8 77-10 104-2 11 21-1 40A 40-1 117-1 117-6 47S102 46S102 46S103 46S119 78S84 110S119 

FLW31 ; ;1 ;1 ;1 ;1 ;1 ;1 ;1 0; 0; 0; 0; ; ; 0; 0; 0; 3+ 3+ 3+ 

FLW32 0; 0; 3+ 3+ 3+ 3+ 3+ 3+ 0; 0; 0; 0; 1 1 0; 3+ 0; 3+ 3+ 3+ 

FLW33 ; ; ;1 ;1 ;1 ;1 ;1 ;1 0; 1+ 1+ 1+ 1+ 1+ 0; 0; 0; 3+ 3+ 3+ 

FLW34 ; ;1 ;1 ;1 ;1 ;1 ;1 ;1 2- 2- 2- 3+ 2- 2- 0; 0; 0; 3+ 3+ 3+ 

FLW35 ; ;1 ;1 ;1 ;1 ;1 ;1 ;1 2- 2- 2- 2- 2- 2- 0; 0; 0; 0; 0; 0; 

 
Table 7.    Details of rust inoculum supplied up to 31.12.2016 

S. No. Name Affiliation 
Material supplied 

Rusts Inoculum Seeds 

1.  Ajay Agrawal IGKV, Sarkanda, Chhattishgarh Tr-mix, Gr-mix  

2.  AK Gupta IARI, Pusa, Samastipur, Bihar Tr-mix, St-mix  

3.  AK Basandrai CSKHPKV, Palampur, HP Tr-mix, St-mix  

4.  AV Gadewar MPKV, Niphad, Maharashtra Tr-mix, Gr-mix  

5.  BC Game MPKV, Niphad, Maharashtra Tr-mix, Gr-mix  

6.  BK Honrao ARI, Pune, Maharashtra Tr-mix, Gr-mix, and Gr-40A, 117-6  

7.  CN Mishra IIWBR, Karnal Tr-mix, St-mix  

8.  Deepshikha GBPUAT, Pantnagar Tr-mix, St-mix  

9.  DP Singh IIWBR, Karnal 
Tr-77-5, 77-9, 104-2 and St-46S119, 

110S119, 110S84 
 

10.  DP Walia IARI, Tutikandi, HP St-46S110, 110S119, 110S84  

11.  HK Rawat Mahyco seeds, Bhatinda, Punjab Tr-mix, St-mix, Rr-mix  

12.  JB Singh IARI, Indore, MP - FLW31, FLW32, FLW33 

13.  Jaspal Kaur PAU, Ludhiana, Punjab 
Tr-77-5, 77-9, 104-2 and St-46S119, 78S84, 

110s119 
HP1633, Suwon92xOmar 

14.  JP Jaiswal GBPUAT, Pantnagar  
Lr46, Lr67, Lr34, 

FLW21, FLW22, FLW23 

15.  JB Khan CSAUAT, Kanpur, UP Tr-mix, St-mix  

16.  JB Sharma IARI, New Delhi Tr-mix, St-mix  

17.  KH Dabhi JAU, Junagadh, Gujrat 
Gr-40A, 11, 42, 122, 117-6 and Tr-12-2, 77-

2, 77-5, 104-2 
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18.  KK Mishra VPKAS, Almora, UK 
St-46S119, 78S119, 110S119, K, L, P and 

Tr-77-5, 77-2, 77-9, 104-2 
 

19.  KK Mishra JNKVV, Powarkheda, MP Tr-mix, Gr-mix  

20.  MS Saharan IARI, New Delhi St-mix  

21.  Mangal Singh IIWBR, Karnal Tr-mix, St-mix  

22.  MK Pandey  SKUAST, Jammu, J. & K. Tr-mix, St-mix, Psh-mix  

23.  NV Savant MPKV, Mahabaleshwar, Maharastra 22 pathotypes of Puccinia triticina  WDMN 

24.  Neelu Jain IARI, New Delhi Tr-77-5  

25.  PV Patil UAS, Dharwad, Karnataka Tr-mix and Gr-mix  

26.  Pradeep Shekhawat RARI, Durgapura, Rajasthan Tr-mix, St-mix, Psh-mix   

27.  Prakash TL IARI, Indore, MP 
Tr-104-2 and Gr-15-1, 40A, 40-3, 117-6, 

295 
FLW18, FLW27 

28.  Praveen Chuneja PAU, Ludhiana, Punjab St-110S119, 110S84  

29.  Rajbir Yadav IARI, New Delhi 
St-110S119, 110S84, 46S119 and Tr-77-5, 

77-9, 104-2, Psh-mix 
 

30.  Rashmi Agrawal IARI, New Delhi St-38S102 (I), 46S119  

31.  RS Beniwal CCSHAU, Hisar 
Tr-mix, St-mix, Psh-mix, St-78S84, 46S119, 

110S119, 110S84 
 

32.  RR Mir MRCFC, SKUAST, Khudwani  FLW3, FLW13, FLW29 

33.  SI Patel SDAU, Vijapur, Gujarat Gr-40A, 117-6, 11 and Tr-77-5, 77-9, 104-2  

34.  SK Jha IARI, New Delhi Tr-77-5, 77-7, 77-8, 77-10 and St-mix  

35.  SS Vaish BHU, Varanasi, UP Tr-12-2, 77-5, 104-2 and Tr-mix  

36.  Sabana Parveen Syngenta, Karnal, Haryana Tr-mix, St-mix  

37.  Satinder Kaur PAU, Ludhiana, Punjab Tr-77-5, St-110S119, 46S119 - 

38.  Sudheer Kumar IIWBR, Karnal St-24, G, 57, M, Q (Psh)  

39.  TR Sharma NRCPB, New Delhi Tr-77-5  

40.  Vaibhav Singh IARI, New Delhi 
St-46S119, 110S119, mix, Tr-77-9, 77-5, 

mix 

YR differentials seeds, Yr5, Yr15, A-

9-30-1 seeds 

41.  VK Rathee CSKHPKV, Sirmaur, HP Tr-mix, St-mix  

42.  Vijay Rana CSKHPKV, Malan, HP - FLW32, FLW33 

43.  Vikas Gupta IIWBR, Karnal Tr-mix, St-mix  

44.  Vinod Kumar IARI, New Delhi 
St-46S119, 110S119, Gr-40A, 117-6 and 17 

patotypes of P. triticina 
 

Gr-mix (Puccinia graminis f. sp. tritici pts. 11, 40A, 117-6, 122), Tr-mix (Puccinia triticina pts.12-2, 77-9, 77-5, 104-2), St-mix (Puccinia striiformis 

f. sp. tritici pts. 46S119, 110S119, 110S84), Psh mix (Puccinia striiformis f. sp. hordei pts. 24, 57, M, Q, G) 
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10. Wheat disease monitoring nurseries 

 To monitor the occurrence of wheat rusts in off season and regular crop, wheat disease 

monitoring nurseries (WDMNs) and SAARC nurseries were conducted at more than 60 

locations. Both black and brown rusts were observed at Wellington whereas yellow and brown 

rusts were observed in offseason WDMN (TPN) in Himachal Pradesh. In regular WDMN, wheat 

rusts have not been observed so far.  

11.  Request for collection and mailing of rust samples of wheat and barley  
To monitor pathotype distribution of wheat and barley rusts effectively and detect new 

pathotypes at initial stage, it is prerequisite to conduct surveys routinely for collecting rust 

samples and analysing on differentials. Therefore, help of all the cooperators and other wheat 

Scientists is solicited for collecting wheat rust samples from different regions, farmers’ fields and 

disease monitoring nurseries representing different cultivars/lines in this endeavour to combat 

wheat and barley rusts in the region. 

Collection of rust samples  
A good rust sample needs following treatment:  

 

I. Small bits (2-3”) of rust infected fresh leaves/stems, should be shade dried or overnight 

at room temperature to remove the moisture.  

II. Shade dried samples should be put in paper envelops separately or wrapped in 

newspaper and sent immediately by post.  

III. Following information may be given on each envelope  

a. Type of rust: brown/black/yellow  

b. Details of host: wheat/barley, variety/line  

c. Place of collection  

d. Date of collection  

e. Name and address of the co-operator  

         IV. Since samples from lines/varieties having little rust or from rust resistant material are 

important from analysis point of view, therefore, these should be treated on priority. 

Precautions to be taken  
 

I. Samples should be representative of a locality, variety and not repetitive. 

II. Samples should not be taken from moist, dried or dead plant parts/plants. 

III. Only fresh uredial infections may be sent, as old and dried plant parts may not have 

viable spores. 



 
 

Page 15 
 

IV. Samples should be sent at the earliest possible to us at ICAR-IIWBR, Regional Station, 

Flowerdale, Shimla 171 002 H.P.  

 

Very Important  
I. Glossy paper/polythene envelopes should not be used for collecting or mailing samples. 

II. Samples should not be taken from the sites of artificial inoculations; otherwise it should 

be mentioned accordingly.  
 

12. Visitors and news 

i. Visitors 

 Dr. Gyanendra Pratap Singh, Director, ICAR-IIWBR, Karnal (Haryana), visited 

the station on Nov. 1
st
, 2016 and interacted with scientific, technical and 

supporting staff. 

ii. Training/conference 

 Dr PL Kashyap, Scientist (Plant Pathology) attended a training program on 

“Standardization of stem rust field notes and germplasm evaluation, with 

discussions on stripe and leaf rust” at KALRO, Njoro, Kenya from 3rd Oct to 12 

Oct., 2016.  

 Dr Hanif Khan, Scientist (Genetics and Plant breeding), participated in “1
st
 

International Agrobiodiversity Congress” held at New Delhi, Nov.6-9, 2016.  

 Dr Siddanna Savadi, Scientist (Plant Biotechnology) participated in “Hands on 

training on bioinformatics and supercomputing” at IIT, Delhi, from Sept 26 to Oct 

6, 2016. 

iii. Award 

 Best poster presentation, awarded to Hanif Khan, SC Bhardwaj, P Prasad, OP 

Gangwar and Subodh Kumar in 1
st
 International Agrobiodiversity Congress, held 

at Delhi, Nov.6-9, 2016. 

iv. Superannuation 

 Sh. Chaman Lal, Multi-skilled supporting staff, superannuated on  Oct. 31, 2016 

after serving ICAR for more than 36 years. We all wish him a very meaningful 

and happy time ahead. 

v. Hindi Divas  

  The station celebrated Hindi divas on Sept. 14, 2016. The day was marked with 

interactive discussions. Different staff members put forth their views. Messages of 

President ICAR, Home Minister, Govt. of India were read. Activities and efforts to 

promote Hindi in day to day activities were discussed. A satisfaction was felt on the 

achievements made during the preceding year.  
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13.  A tribute to Dr. S. Nagarajan, Former Head (29.09.1980-16.03.1987), 

IARI RS, Flowerdale, Shimla, H.P. 

 

Dr. S. Nagarajan 
                                                         (November 7, 1945-December 25, 2016)  

 

 Dr. Subrahmaniam Nagarajan was born in Chennai, India. He studied in Chennai till 

high school and completed his early education at the Agriculture College, Coimbatore (Tamil 

Nadu). He pursued his masters at the Indian Agriculture Research Institute, New Delhi and 

received his doctorate in Plant Pathology from the Delhi University. He made significant 

contributions to the Rust pathology and our understanding of wheat rusts and Karnal bunt. His 

publications on wheat rusts and Phytosanitory issues of Karnal bunt were lauded internationally. 

He was very famous for Indian Stem Rust Rules, perpetuation and epidemiology of wheat rusts. 

He could relate weather with the occurrence of wheat rusts. He designed models to know the 

yield losses and the movement of wheat rusts. He joined the Indian Agricultural Research 

Institute, New Delhi in 1974 as Wheat Pathologist. Later on, he shifted to IARI, Regional 

Station, Flowerdale, Shimla, H.P. and headed this station from September 29, 1980 to March16, 

1987. I had a privilege to join with him as ARS probationer and learn from him nearly for one 

year and later on as our Project Director. 

After leaving Flowerdale, Dr. Nagarajan joined IARI as Leader of Wheat Pathology 

group in March, 1987. He continued his research interest on the epidemiology of the cereal rusts. 

These devastating diseases pose a serious threat to wheat crop in different parts of India. On the 

basis of a series of epidemiological investigations he propounded the stem rust rules and using 

climatic data explained the nature and recurrence of Puccinia graminis tritici and P. triticina. 

These rules suggest that the urediospores originating from the Nilgiris spread to Central India 

under the influence of tropical cyclone that occurs in the Bay of Bengal during November. Based 

on this a disease management strategy was formulated and implemented to contain crop losses. 
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On a similar basis he and his team explained the nature and recurrence of the leaf rust (P. 

triticina) and the stripe rust (P. striiformis) over the Indo Gangetic plain. He proposed a new 

Near Isogenic lines based binomial system for wheat rust pathotype identification. Consequently, 

the NIL based system helped in documentation of rust resistance genes in wheat material of India 

on the bases of gene matching technique. Thus rust resistance genes of a variety are known 

before it is forwarded for official identification. "Gene Deployment" as a strategy was 

propounded by him which is being used efficiently as varietal deployment today. The execution 

of the strategy he did, as Project Director of the All India Wheat program was so perfect that for 

the last so many years there had been no serious crop loss due to rust epidemics. Thus, India 

saves each year nearly 6 to 7 million tons of wheat grain, otherwise that would have been lost 

due to the outbreak of wheat rust diseases in different parts of India. 

 As ADG (PP) ICAR and as Acting DDG (CS) he was involved with several AICIPs and 

variety identification process for number of crops. As a Member of the Central Pesticide 

Registration Committee, Central Variety Identification Committee, Chairman MEC, Co-Chair 

RCGM, GEAC facilitated Cotton transgenic evaluation, approval and in various policy 

decisions. As Chairman of several special committees constituted by the various Government 

departments and he submitted several reports on the task assigned. He was a member of Board of 

management of TNAU and RajAU, NDRI and IVRI. He also served as member of the GB and 

SFC of the ICAR.  

 During his period, as Director of the wheat program, he developed new tillage options as 

zero tillage, organic kitchari recipes, and the raised bed system of planting and popularized them. 

Also, he initiated wheat molecular biology program at national level for marker-aided selection 

for rust resistance and for grain quality improvement. Along with his colleagues he identified 

two new leaf rust resistance genes as Lr48 and Lr49. The trade has acknowledged the grain 

classification and grading system recommended by him. He has been the torchbearer of India’s 

wheat program. He and his colleagues developed a wheat variety DBW 14 for the eastern 

Gangetic plain and was released by the CVRC. As Project Director Wheat, the largest network 

project, his team produced maximum amount of breeder and nucleus seed, established wheat 

germplasm bank and produced wheat germplasm catalogue. Number of genetic stocks were 

developed and deposited with NBPGR and Dr. S. Nagarajan along with his co-workers hold a 

http://kitcharirecipe.com/
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US patent for a chemical male gametocyte which when sprayed at low concentration renders 

sterility of the wheat anther. This opens an opportunity for wheat hybrid.  

  He joined as Director of IARI in 2002 and in less than four years he made structural 

improvement in the research and teaching agenda of IARI by re-writing the PG School 

Curriculum, vision document, reframing the research projects and IARI filed 11 patents in one 

year, established the Business Development Cell, institute Industry interphase meetings and 

transferred products like Hybrid rice, Bt Brinjal etc to enterprise on an agreement. To link the 

institute with private and commercialize its products organized biannual interphase meeting. 

Established referral facility for SPS and Codex related issues and modernized the research and 

teaching activities of IARI. During the centenary year of the Institute started new “Rural 

development activities with the motto “Progress through Agriculture”. He was the Chairman of 

the Indo-French Joint Working Group and was a member of several committees of the 

Department of Biotechnology, Department of Environment and Forestry and Ministry of 

Agriculture.  

 He was a member of the Centre Commissioned External Review (CCER) of CIMMYT, 

Mexico. He was recognized for his significant contributions with the Rafi Ahmed Kidwai Award 

of the ICAR (1978-79), Conferred “Award of Distinction” at the International Plant Protection 

Congress, The Hague (1995), The Best Institute Award for DWR by ICAR (1998), M.O.P. 

Iyengar Lecture Award of the University of Madras (2000), Om Prakash Bashin Award (2001), 

Chaudhri Ram Dhan Singh Award for contribution to wheat improvement (2002) by HAU, 

Hisar, Dr. K.S. Bilgrami Award of INSA (2004), Dr. Norman Borlaug Award of the Coromandel 

Fertilizers (2005), Dr. A. S. Cheema Award of the Young Farmer’s Association of Punjab 

(2005), received from the Prime Minister of India the “Dr. B P Pal Gold Medal” in the 93rd 

Indian Science Congress for contribution to Science and Technology – wheat pathology and 

wheat improvement (2006) and is a recipient of the Silver Jubilee Medal of INSA for 

contribution to Agriculture and Allied Sciences (2006).  

 He was Fellow of the National Academy of Agricultural Sciences (1992), Fellow 

National Academy of Sciences, Allahabad (2002), Fellow of the Indian National Science 

Academy (2005) and Fellow, Alexander von Humboldt Foundation (1978) Germany. He 

presided over the convocation of the Punjab Agricultural University (2005), and delivered the 
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convocation address of TNVASU (2006). He has visited more than 25 countries during his 

scientific career. He is author of more than 200 research papers, 90 book chapters, many edited 

books and two textbooks. The younger scientists in the country consider him as a role model by 

virtue of his inspiring leadership. It is because of his vision and foresight that he laid the 

foundation of a very sound wheat rust programme at Flowerdale, Shimla which he strengthened 

as Project Director also.  

 Dr. Nagarajan has left us shocked and grieved. Today he is not with us physically but he 

is alive in the form of his contributions to the Institutional infrastructure, science and a treasure 

of publications. He would always inspire the new generation of Scientists. 

           We, the entire wheat family at ICAR-IIWBR, RS, Flowerdale, Shimla salute him for his 

contributions.We remember Dr. S. Nagarajan and pray almighty to grant peace to the departed 

soul and give strength to the family, all near and dear ones to bear this grave loss. 

 

 

S.C. Bhardwaj 
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Annexure I   

Constitution of differential sets- 0, A and B for the binomial designation of 
pathotypes of wheat rust pathogens  

 
 

 

Set-0 Set-A Set- B 

Brown rust (Puccinia triticina) 

IWP 94 Lr14a Loros (Lr2c) 

Kharchia Mutant Lr24 Webster (Lr2a) 

Raj 3765 Lr18 Democrat (Lr3) 

PBW 343 Lr13 Thew (Lr20) 

UP 2338 Lr17 Malakoff(Lr1) 

K 8804 Lr15 Benno (Lr26) 

Raj 1555 Lr10 HP 1633 (Lr9+) 

HD 2189 Lr19  

Agra Local Lr28  

Black rust (Puccinia graminis tritici) 

Sr24 Sr13 Marquis (Sr7b+) 

NI 5439                Sr9b Einkorn (Sr21) 

Sr25                   Sr11 Kota (Sr28+) 

DWR 195                Sr28 Reliance (Sr5+) 

HD 2189                Sr8b Charter (Sr11+) 

Lok 1                  Sr9e Khapli (Sr7a,Sr13, Sr14) 

HI 1077                Sr30 Tc*6/Sr31/Lr26 (Yr9) 

Barley Local           Sr37  

Agra Local      

Yellow rust (Puccinia striiformis) 

WH147 Chinese 166 (Yr1) Hybrid 46 (Yr4) 

Bilara 2    Lee (Yr7) Heines VII (Yr2+) 

WH416 Heines Kolben(Yr6) Compair (Yr8) 

HD2329           Vilmorin 23(Yr3) T. spelta album (Yr5) 

HD2667 Moro (Yr10) Tc*6/Lr26 (Yr9) 

PBW343           Strubes Dickkopf Sonalika (Yr2+) 

HS240            Suwon92 X Omar Kalyansona Yr2(KS) 

Anza Riebesel47/51(Yr9+) Yr24/Yr26 

A-9-30-1   




