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Abstract

Cotton leaf curl virus poses a major threat to cotton productivity in Pakistan. Screening
of germplasm to explore resistant source is a basic step towards the solution of this
hazardous problem. With this objective genetic material comprising 11060 genotypes of
cotton of different research centers was tested at Cotton Research Station, Vehari during
2002 to 2007. During 2002-03, 3694 genotypes were tested on the basis of cotton leaf curl
virus disease incidence and 30 (Code No./varieties 124, 141, 170, 185, 218, 244, 252, 338,
FVH-153, VH-176, 609, 721, 723, 724, 752, 834, 891, 918, 1018, 106, 111, 114, 115,
141, 156, 160, 175, 178, 183, 253) lines showed no symptoms of this disease. Out of 2792
genotypes screened during 2003-04, 7 (Code No./varieties 124, 170, 244, 252, VH-176,
VH-209, 609) were found virus free. During next three years i.e., 2004 to 2006, all the
genotypes (4364) showed susceptibility to cotton leaf curl virus disease. Two genotypes
(China-1 and China-2) out of 210 tested during 2007 exhibited resistance to cotton leaf curl
virus (CLCuV). 119 genotypes were screened on the basis of cotton leaf curl virus intensity
during 2002-07, out of which 37 (Code No./varieties 654, 1050, 1411, 1448, 124, 141,
170, 185, 218, 244, 252, 338; 609, 721, 723, 724, 752, 834, 891, 918, 1018; NIBGE-106,
NIBGE 111, NIBGE 114, NIBGE- 115, NIBGE 141, NIBGE156, NIBGE160, NIBGE
175, NIBGE 178, NIBGE 183, NIBGE 253, FVH-153, VH-176, VH-209, China-1,
China-2) lines were found virus free. Twenty four lines were tested against Cotton Leaf
Curl Virus on the basis of sick plot technique during 2002-07. Among these lines 609 from
Cotton Research Station Multan, 3232 from Central Cotton Research Institute Multan, VH-
156 from Cotton Research Station Vehari, China-14 from Nanjing Agri.University China
showed minimum disease incidence 0.8%, 7.6%, 14.75% and 23.5%, respectively. The
results of recent research demonstrated that it is possible to explore resistant material from
germplasm through screening on the basis of incidence and intensity. The same can be
utilized in the breeding programme for evolving CLCuV tolerant/resistance verities of
cotton.

Introduction

Cotton (Gossypium hirsutum L.) is the world’s leading food and fiber crop. Cotton
recognized as white gold of Indo-Pak plays a pivotal role in the economy of Pakistan
contributing a lion’s share of 57% in the foreign exchange earning. Since 1947 Pakistan
has made a significant increase of 11.2 and 4.4 times in lint production and seed cotton
yield per acre, respectively. But still there is a wide gap between yield of our cottons and
that of the advanced cotton growing countries of the world.

One of the major reasons constituting a primary limit is Cotton Leaf Curl Virus
(Watkins, 1981; Briddon et al., 2000). This disease was first reported in 1967 on upland
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cotton (Gossypium hirsutum L.) at Khokhran near Multan on few individual plants
(Hussain & Ali, 1975). It became a serious problem after 1991-92 and continued till the
development of Cotton Leaf Curl resistant variety CIM-1100 in 1996. But this problem
arose again during 2001 in Burewala breaking the resistance of all the available cotton
cultivars/lines (Mansoor et al., 2003). Now cotton leaf curl virus is one of the most
destructive disease of cotton in the Punjab area of Pakistan. This virus is 8% different
from the previous virus on molecular basis (Mansoor et al., 2003), but symptoms are
almost the same to the previous CLCuV.

This disease is characterized by upward curling of leaves, the veins of the affected
leaves become thickened which are most pronounced on the underside. Two types of veins
thickenings are seen, small vein thickening and main vein thickening. Initial symptoms
consisted for transient vein clearing on young leaves (Mansoor et al., 1993; Nateshan et al.,
1996). Infected plants develop both upward and downward curling of leaves accompanied
by thickening and sometime development of leaf enations (oval or cuplike foliar worth) on
the underside of leaf. In severe conditions, plants became stunted and give fewer yields.
Highest reduction in seed cotton yield due to cotton leaf curl virus disease has been reported
by many workers (Harrison et al., 1997; Brown, 2001; Ahmad et al., 2002; Idris 1990).
Mahmood et al., (1996) reported that in cotton cultivars the average reduction in plant
height 40.6%, boll weight 33.8%, number of bolls per plant 72.5%, ginning outturn 3.9%,
fibre length 3.4% and fibre strength 0.7% due to cotton leaf curl virus disease. Russel
(1982) found that boll weight was negatively affected by CLCuV.

The long-term approach to cope with this problem and to save this crop from the
ravages of CLCuV is the development of Cotton Leaf Curl resistant varieties (Akhtar et
al., 2002), as previously practiced in Sudan and Egypt (Kirkpatrick, 1931; Khan et al.,
2001). The first step is to explore resistant genetic sources through massive screening in
the environment highly favorable for the incidence/intensity of Cotton Leaf Curl Virus.
Cotton Research Station, Vehari being located in the epidemiological zone of new Cotton
leaf Curl Virus (Burewala strain) was selected by the provincial as well as federal
governments for the screening of germplasm of all the cotton centers of Pakistan. The
main objective of the present study was to find out resistant material/genetic source,
which if possesses desirable characteristics, can directly be used for commercial
cultivation, or it can be used in hybridization programme for the development new
resistant varieties.

Material and Methods
Experiment 1

Screening on the basis of cotton leaf curl virus incidence: The genetic material/
germplasm comprising 11060 genotypes (exotic and local) of different Cotton Research
Centers of Pakistan were pooled at Cotton Research Station, Vehari during 2002-03 to
2007-08 in normal growing season for screening against cotton leaf curl virus (Table 2).
Each genotype was planted with plant to plant and row to row distance of 30 cm and 75
cm, respectively. Sowing was done from May to June in simple lay out (non-replicated).
Recommended agronomic practices were carried out from sowing to harvesting. All the
plants of a genotype were thoroughly observed for incidence/appearance of cotton leaf
curl virus symptoms such as vein reticulation, vein thickening, leaf curling along and
stunting of plant etc. Any plant showing these symptoms was considered as
“diseased/susceptible”. Data were recorded on fortnightly basis. Only cotton leaf curl
virus free (no symptoms of CLCuV) lines were accounted for results.
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Experiment 2

Screening on the basis of cotton leaf curl virus intensity: The experimental material
consisted of 119 promising strains of different research centers of Pakistan along with 4
highly susceptible lines (Table 3). Depending upon the response of different genotypes to
cotton leaf curl virus intensity, number of entries varied in each year. Genetic material
was sown during May in field in non-replicated fashion with plot size of 10m x 3m.
Recommended agronomic practices were carried out through out the crop season. Data
for cotton leaf curl virus intensity were recorded on fortnightly basis. At the time of
maturity seed cotton yield was calculated and the genotypes were classified on the basis
of disease intensity (Akhtar et al., 2002) and seed cotton yield (kg/ha).

Experiment 3

Screening on the basis of sick plot technique: In this technique two rows of
resistant/tolerant genotype along with one row of a highly susceptible cultivar were
planted in field. Sowing was done in May with row length of 20 m, plant-to-plant and
row-to-row distance was 30 and 75 cm, respectively. The objective was to verify
resistance/tolerance of a genotype by providing full inoculum of cotton leaf curl virus.
Employing this technique a total of twenty-four highly promising genotypes (Table 4)
were tested in the field during the year 2003 to 2007. Inoculum of whitefly (carrier of
virus) was also created for spread of cotton leaf curl virus disease. All recommended
agronomic practices were kept same for all genotypes. Fortnightly data were recorded for
incidence of CLCuV. At the time of crop maturity, data for plant height (cm) and seed
cotton yield per plant (g) was recorded.

Results and Discussion

a. Screening of cotton germplasm on the basis of cotton leaf curl virus incidence: A
total of 11060 genotypes both local as well as exotic (Table 2) of cotton were screened
for incidence of Cotton Leaf Curl Virus disease at Cotton Research Station, Vehari,
Pakistan during 2002-2007 under natural field conditions, where virus source (diseased
plants) and vector (whitefly) were abundantly present. The results showed that during
2002, only 30 genotypes out of 3694 were found free from CLCuV symptoms (Table 5),
8 entries (124, 141, 170, 185, 218, 244, 252, 338) from Cotton Research Institute (CRI),
Faisalabad, 2 strains (FVH-153, VH-176) from Cotton Research Station (CRS), Vehari, 9
lines (609, 721, 723, 724, 752, 834, 891, 918, 1018) belonged to Cotton Research Station
(CRS), Multan and 11 entries (106, 111, 114, 115, 141, 156, 160, 175, 178, 183, 253)
from Nuclear Institute for Biology and Genetic Engineering (NIBGE), Faisalabad.
During 2003 only 7 lines (124, 170, 244 and 252 of CRI, Faisalabad, VH-176 and VH-
209 from CRS, Vehari and 609 from CRS, Multan, did not show symptoms of this
disease (Table 5). Later on from 2004 - 2007 we could find only two CLCuV free entries
(China source). Cataloging of cotton Germplasm against CLCuV has been reported by
several research workers (Alim, 1997; Muhammad et al., 1998).

b. Screening of cotton germplasm on the basis of cotton leaf curl virus intensity: It
has been observed that the cotton germplasm varied greatly in its reaction/intensity to
cotton leaf curl virus, which was based on symptom expression. Genotypes showing
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100% incidence of cotton leaf curl virus differed in seed cotton yield. For assessing the
yield potential and tolerance of genotype to cotton leaf curl virus, it is advisable to screen
the genetic material on the basis of cotton leaf curl virus intensity rather incidence. A
total of 119 genotypes (Table 6) of cotton were screened during 2002- 2007 in the field
for determining their response to cotton leaf curl virus disease. Field observation
indicated that most of the lines were susceptible to CLCuV infestation, but there were
different grade of tolerance in different varieties (Muhammad et al., 1998) During 2000-
2003 crop season, out of 67 entries 34 entries (Code No. 654, 1050, 1411, 1448, 124,
141, 170, 185, 218, 244, 252, 338; 609**, 721, 723, 724, 752, 834, 891, 918, 1018;
NIBGE-106, NIBGE 111, NIBGE 114, NIBGE- 115*, NIBGE 141, NIBGE156,
NIBGE160, NIBGE 175, NIBGE 178, NIBGE 183, NIBGE 253, FVH-253 & VH-176)
were found virus free (having no symptoms of CLCV), with yield range of 3035-3455
kg/ha. Five entries i.e. (BH-147, NIAB-111/S, SLH-224**, SLH-227 & VH-142) showed
high tolerance while the yield range was 2500-2656 kg/ha, 15 entries (CIM-496, CIM-
497, CIM-506**, CIM-511, CIM-707, CRIS-168, FH-925, FH-945, FH-1000*, MNH-
635, NIBGE 1, NIAB-98, RH-112, CP-15/2, LRA-5166) and 5 (BH-160*, CIM-499,
CRIS-467, FH-925**, MNH-636) exhibited tolerance and moderately tolerance having
yield range of 2005-2259 and 1518-1913 kg/ha respectively, 3 entries (CRIS-468**,
NIAB-999, CIM-473) were moderately susceptible exhibiting yield range 1278-1474
kg/ha and 5 were highly susceptible (CIM-70, CIM-240**, CIM-443, S-12, S-14%)
showing yield range of 211-471 kg/ha ( Table 6).

During 2003-2004, out of 41 entries, consisting of virus free lines of previous year and
some promising lines of different research centers, 8 entries (Code No. 609, 124*, 170, 244,
NIBGE-114, NIBGE-115, VH-176, VH-209**.) found CLCuV free and yield remain in the
range of 3311-3745 kg/ha, 3 (Code No. 654*, 723, 252**) having high tolerance were
exhibiting yield range of 2611-2678 kg/ha, ten genotypes i.e. CP-15/2, CIM-506*, Code
NO. 218, 338, 752, 1018, FH-768, FVH-153, LRA-5166, VH- 176** found moderately
tolerant with yield range of 1602-1790 kg/ha, three entries (CRIS-168*, CRIS-468**, RH-
510) moderately susceptible having yield range of 1225-1434 kg/ha, thirteen genotypes i.e.
CP-15/2, CIM-473*, CIM-496, CIM-497, FH-925** NIAB-111/S, NIBGE-2, SLH-279,
VH-144, TH-41-83, MNH-700, BH-160, LRA-5166 were susceptible possessing yield
range of 549-914 kg/ha and four (CIM-70, CIM-473, NIAB-999**, S-12*) were observed
highly susceptible with yield range of 250-406 kg/ha.

During 2004-05 twenty strains were studied for CLCuV tolerance and among these
there was no CLCuV free varieties but fifteen highly tolerant genotypes were found
(Code No. 609, Alseemi-151, BH-162*, CIM-534, CRIS-460, CRIS-468, FH-115,
NIAB-98, NIAB-884, PB-899, NEELUM-111, NIBGE-2, MNH-700, SLH-279**, VH-
209) having yield range of 3026-3900 kg/ha, two lines (CIM-496**, MJ-7*) were
tolerant with yield range of 2355-2421 kg/ha, one entry (CIM-499) moderately tolerant
with yield figure of 1890 kg/ha and two entries were (S-12*, CIM-70**) moderately
susceptible possessing yield range of 1222-1485 kg/ha.

In 2005-06 total no. of strains screened for CLCuV tolerance were 28, among these
23 strains showed high tolerance to CLCuV which included Alseemi-151, BH-162, CIM-
499, CIM-534, CIM-538, CRIS-461, CRIS-466, FH-113**, FH-115, MJ-7, FH-207, GH-
99, NIAB-824, MNH-786, MNH-789, MNH-6070*, NIAB-884, NIBGE-4, PB-899, VH-
231, VH-148, TH-35/99, TH-84/99 with yield range of 2555-3698 kg/ha, one entry (VH-
156) moderately tolerant was exhibiting yield range of 2100-2500 kg/ha, three entries
(CIM-70**, S-12, S-14*) were susceptible having yield range of 600-1000 kg/ha.
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During 2006-07, 26 entries were observed for CLCuV comparison and out of these only
one strain showed highest tolerance to CLCuV i.e. Code No. 609 with yield value of
2611 kg/ha, four strains (FH-113, Code No. 3232, MNH-786**, VH-209) showing
tolerance were giving yield range of 2150-2193 kg/ha, four genotypes (CRIS-342**,
CRIS-466*, NIAB-846, NIBGE-115) having moderate tolerance were exhibiting yield
range of 1547-1849 kg/ha, six strains (CIM-538, NIBGE-4*, MNH-789, NIAB-824,
SLH-284**, VVH-148) were found moderately susceptible possessing yield range of 1190-
1359 kg/ha, eight were susceptible (Alseemi-151, ASR-1**, BH-167, CIM-541, CIM-
496, FH-127, GH-99*, MJ-6) with yield range of 639-988 kg/ha and three strains (TH-
84/99**, S-12*, CIM-70) were highly susceptible to CLCuV having yield range of 150-
235 kg/ha (Table 6).

For CLCuV screening in 2007-08, 27 genotypes were studied among them 2 lines
(China-1, China-2) were CLCuV free, two lines (VH-280, VH-289) having high
tolerance were showing the yield range of 3550-5544 kg/ha , one (VH-255*) showing
tolerance exhibit yield figure of 2100 kg/ha, one (CRI1S-342) showing moderate tolerance
gave the yield value of 1508 kg/ha, , eleven lines, i.e. CIM-554, CRIS-129, CRSM-38,
CRSM-70, FH-113, GH-102, NIAB-777, NIAB-846**, NIBGE-115, RH-610*, SLH-284
were moderately susceptible with yield range of 1033-1440 kg/ha, three strains (GS-1,
TH-86/02*, TH-198/94**) were susceptible possessing yield range of 771-973 kg/ha and
seven entries (ASR-1*, CIM-496, BH-167**, CIM-541, S-12, CIM-70, NIBGE-115)
were highly susceptible having yield range of 360-461 kg/ha (Table 6). These may or
may not produce infection started appearing 20 days after sowing and continued up to
maturity of the crop is in close conformity to previous work reported by Shah and Khalid
(1998) who found an incubation period of 2-3 weeks. For the first time such a large
number of genotypes were put together in field for testing against cotton leaf curl virus.
Normally a set of 10-20 varieties had been evaluated for assessing disease resistance (
Hameed et al., 1994; Mirza et al., 1994; Tanveer et al., 1995; Ali, 1997; Shah and
Khalid, 1997).

The data are consistent with hypothesis that the resistance against Gemini virus
could be governed by many factors (Thomas et al; 1988). As stated by Mansoor et al;
2003) Gemni virus diseases are rapidly spreading in terms of their geographical
distributions host range. Threatening nature of their virus and their world wide spread is
attributed to the new biotype Bemisia tabaci, now regarded as new species Bemisia
argentifolii which is reported to have much wider host range preference for feeding
(Polston et al., 2002). It will be desirable to monitor the population of new biotype of
white fly and establish it as a potential vector of CLCuV. From breeding point of view, it
should be determined whether dominating or recessive genes for which all types of
genotypes on available govern resistance in cotton against CLCuV.

c. Screening of cotton germplasm on the basis of sick plot technique: Increase in seed
cotton yield is one of the major objectives in cotton breeding programmes. Genetic
variability in cotton genotype with respect to seed cotton yield has been reported in
various studies (Murtaza et al., 1992a; Azhar and Rana, 1993; Sayal et al., 1996; Ahmad
and Azhar, 1999).For assessing the yield potential and tolerance of genotypes against
CLCuV, it was necessary to screen the genetic material in sick plot technique. Twenty
four varieties/strains obtained from different cotton research centers of Pakistan were
screened against CLCuV using sick plot technique at Cotton Research Station Vehari
during 2003-2007.



SAGHIR AHMAD ET AL.,

3338

cl 09 09 uelniy .:oﬁﬁm [AIBASAY UONO) A._U—unwu._n_mv =S

09 ChH C L ueynin .._._Cﬂmsm UAIBASAY UONO)) Qg._ﬁt_._ﬂmv 9617-INI1D

0S| 0zl iy LIBUDA “UONEIS 2IBASIY UONI0) [€T-HA

0TI STl <1l LEUDA “UONEIS DIEISIY UONO)) 9S1-HA

<9 06 S peqe[esie] “SutpauIsuy onauan pue A5ojoig 1oj AMNSUL I[N €ST-HDHIN

STl 0r1 ¢z peqe[esie,] ‘SULRAUIFUH d1JaUdr) pue AFo[olg J0J NIISU] Jed[INN S11-AD4IN

001 cel ce peqe[esie,] “SULIAUISU] 211dUdN) puR AS0[0Ig J0J AMIISU[ JBI[ONN FI-ADUIN

0¢< cg 09 UBI[NA “UONeIS [218asay UoNo) vZL

cy 011 oS URI[N[A “UOMRIS [2IBISIY UON0)) €L

06 Stl 8 UB)[NJA “UONBIS Y2IBASIY UONOD) 609

<9 SZ1 Oy peqeesie,] “9IN1ISU[ Y2Irasay] uono)) 89/

011 0orl cel peqejesie,| “91nsu] oIeasdy uono) ST

0r1 0€1 9/ UBRYN[A “2INJISU [2IBISIY] U0N0)) [BNU)) 7€T€

9% 0L 001 ue NN 1MNsu] Yoaeasdy uono)) [enua)) ¥S9 £00T

L C 001 UB)[NA] “UONBIS [2JBasay uono)  (1opeards) Z1-S

s 0zl €l1T UBI[N “INIISU] YDIBISIY UOTIOD) [BIUY) (PIBPUBIS) €LH-INTD

7 801 <ol peqe[esie,] “SULIAUISU] 211dUdN) puR AS0[0Ig J0J AMIISU[ JBI[ONN €CT-IDUIN

€01 001 P11 peqe[esie ] ‘JuLRAUISUY J119UN) puB AT0[01¢ JOJ 2INUISU] JBI[INN CII-ADYIN

[/ 06 <7l peqe[esie] (qOEIN) SuldauIduy d13auar) pue £30[01g 10} ANJISU] JLI[ONN] FII-ADYIN

c9 COl L'C uelnin ..COSﬁmq. [D1Bas3y U0NO)) vl

Cc8 Orl1 c¢ ue NN .._._Cﬂwsm AIEASAY Uono) cTL

¢TI 811 80 UB)NJAL “UONEIS [2IBASAY UONO)) 609

SOl 0€1 0’8 peqe[esie.] “dInIsu[ [aIeasay] uono)) 39/

8t 011 001 PEQE[ESIE | “MIISU] Y2IeS3Y UONO)) ST

001 SI1 ¢zl ueN N (1Y) AMISU] Y2IBISTY UOYI0)) [BIUD) <9 £007
(5) yueyd (w2) (%) AU YIIBISIY soulT Jeax

/PPIA "AY WSy juelg ddudpIdUl

*9007-€00Z surinp aseasip anbruyady joid Ho1§ ur SNUIA [AND) JEIT U010
ysurege paudaads (7) sadLyouds suistwoad au10s Jo pRIA 10130 PIIS PUE (¢4,) IUIPIdUI [INI JBI] U0II0)) L IqRL



3339

| 09 001 uBN[A ‘uoneIg Yoreasday uopo)  (1peards) 71-S
¢ Sl [l Y) UBINA “9IMISU] IIBISDY U0NOD) [ROUD)) (PIBPUBIS) 96+-INTD
09 0<] [y uejni ..r_CEme UAIB2S52] UOno) 609
8L i <6t peqeiesie] “UOLIN  STI-ADEUIN
C8 CL <e LIBY2A .(r_cﬁm:m U2IEIS52} uonoe) LST-HA
001 St ¢St LBUDA “UONEIS YDIBASY UONO)) CST-HA
0<1 0zl <€t UL “ANsIOAIUN LS SullueN 1 eulyD L00T
0z c¢ 001 uB)NN ‘UoNEBIS YdIeasay uopo)  (1epeards) 71-S
UBINA “2IMISU] [2JBISIY UOPO)) [ROU)) (plepurlS) 96+-IN1D
Sl €| 0z LIBUIA “UONEIS Y2IBASAY UONOD) 60T-HA
9¢] 9¢| 81 LIBUDA “UOIIBIS 2IBasdY Uu00)) 9S1-HA
09 01 09 peqe|esie,{ “FuLRaUITUL dauD) pue AF0[olg J0j AMIISU] JE[INN SII-AD4IN
<€l St 0¢ UBINIAL “UONEIS YDIBISY UON0D) 98L-HNIN
CL 06 ce uejnjy .,_._CC_,.:m UAIEISAY Uono) 609
SF 0Z1 8T peqe[esie,] “anjnsuy YoIeasay| uono)) €11-HA4
0Tl 0¢| T Peqe[esIE,] “a1mIISU] [2IBasaY UOH0) LOT-H
<8 0cl <t UBY[NJN “IMIISU] [OIBISTY UONO)) [BIIUA)) LSS-INID 9007
Z1 cg 001 uBJNA ‘UOIIEBIS Y2Ieasdy uopo)  (1epeards) 71-S
<€ 09 06 UBINIA IMNSUL YOIBISIY UONO)) [BIUR)  (PIepURIS) 961-IN1D
0S| 0zl iy LBUIA “UONEIS [DIBASAY UONOD) 1€T-HA
ire! cCl Sl LIBUD A “UONIIELS DIBISIY U010 9CI-HA
0F 09 06 peqe[esie,] “SuLLauISUZ] dNauAn) pue ASo[olg 10j AMNSULIBAONN  €CT-HDHIN
06 0€1 <y peqeesie,] ‘SuLpauIuy 119U pue AS0[01¢ 0] AINIUISU] JBI[INN SII-ADYIN
09 011 ¢S peqe[esie ] “SuLpaulsuz] dNauan) pue A5o[olg 10j AMNSULIBAONN  #[[-HDHIN
ST 0sS 001 ueynjy ‘uoneIS [aIeasay uono)) vZL
oy 09 06 UR)NA “UONEIS [2IRASIY uoNo) €z
06 001 <T UR)[NA] “UONIBIS YIIBISIY UON0) 609
4 001 0L peqeresie,] *2nJnsuy Yoleasdy] uono)) 89/
0L 011 09 PEQE[ESIE,] “IMISU] DIBISIY UONO)) st
Q¢ 09 001 ue A “ININSUT J2Ieasdy uono)) [enud) 7€TE
0¢ 0¢ 001 UBINA “INUISU] IBISIY UONO)) [BIILD)) <9 <00
() yueyd (wd) %)

IPRIL AV JyS1oy yuelg aausprou] U YOIBISIY saulT 1eax

COTTON GERMPLASM AGAINST COTTON LEAF CURL VIRUS

‘(*pauo)) cLoqey,



3340 SAGHIR AHMAD ET AL.,

During 2003, the results revealed (Table 7) that out of 10 entries maximum yield (125
g/plant) was produced by entry 609 belonging to Cotton Research Station Multan with
minimum incidence of CLCuV (0.8%) while plant height was 118 cm followed by entry
coded as 723 which show the incidence of 3.5% with yield figure of 85 g/plant and plant
height was 140cm, the spreader S-12 showed stunted growth with plant height of 45cm at
100% incidence. This indicated that plant height was reduced due to CLCuV infestation.
These findings are in accordance with (Brown, 2001) who reported decrease in plant
height due to CLCuV. In 2004 minimum incidence (7.6) was showed by entry 3232
belonging to Cotton Research Station Multan, with average yield of 140 g/plant and plant
height was 130cm followed by entry 609 showing incidence of 8% with average yield of
90 g/plant and plant height was 145cm.Minimum yield(25 g/plant) was given by spreader
S-12 at 60% incidence. It indicated that seed cotton yield decreases significantly under
higher CLCuV infestation. Similar findings were earlier reported in different studies
(Tahir and Mehmod 2005).

In 2005 out of 14 entries minimum incidence 11.5, 15.4% of CLCuV was observed
in entries VH-156 and VH-231 belonging to Cotton Research Station Vehari, with yield
figure of 120,150 g/plant while plant height was 125 and 120 cm respectively. In 2006
two entries VH-156 and VH-209 from Cotton Research Station Vehari were at lowest
incidence level (18, 20%), yield of seed cotton/ plant was 136 and 145 g with plant height
of 136 and 132 cm, respectively.

In 2007 minimum rate of incidence (25.0, 25.5) was exhibited by VH-257 and VH-
255 from Cotton Research Station Vehari, these entries gave yield figure of 85, 100
g/plant while plant height was 75, 145 cm respectively. Minimum vyield (18 g/plant) was
given by S-12 which was used as spreader in the field. The consequences of this research
validates the method of screening to exploit resistant material for CLCuV on the basis of
intensity, sick plot technique and incidence and to use the resistant material against
CLCuV in further breeding programme.

References

Ahmad, G., S.A. Malik, Z. Mahmood, M.Z. Igbal, and S. Ahmad. 2002. Effect of cotton leaf curl
disease severity on morphology, yield and fibre characteristics of susceptible lines/cultivars of
cotton (G. hirsutum L.). Asian J. Plant Sci., 1: 705-707.

Ahmad. M. and F.M. Azhar, 1999, Genetic mechanism controlling seed cotton yield and its
components in F, and F, generations of G. hirsutum L. Int. J. Biol., 4: 227-233.

Akhtar, K.P., M.A. Hag, M. Hussain and A.l. Khan. 2002a.Whitefly transmitted geminiviruses and
associated disorder in cotton, a: review. Pak. J. Phytopath., 14: 140-150.

Ali, M. 1997. Breeding of cotton varieties for resistance of cotton leaf curl virus. Pak. J.
Phytopath., 9(1): 1-7.

Alim, 1997. Breeding of cotton varieties for resistance to cotton leaf curl virus. Pak. J. Phytopath.,,
9:1-7.

Anonymous. 2003. Cotisties (Cotton Statistical Bulletin) Pak. Central Cotton Committee. Ministry
of Food, Agriculture and Livestock, January Vol. 32.

Ashraf, M., Z.U. Zafar, T. McNeilly and C.J. Veltkhamp. 1999. Some morpho-anatomical
characteristics of cotton (Gossypium hirsutum L.) in relation to resistance to cotton leaf curl
virus (CLCuV). Angewandte-Botanik, 73: 3-14: 76-88.

Azhar, F.M. and A.H. Rana. 1993. Genetic analysis of lint percentage, staple length and fibre
fineness of upland cotton. Pak. J. Agric. Sci., 30(3): 289-302.



COTTON GERMPLASM AGAINST COTTON LEAF CURL VIRUS 3341

Briddon, R.W., S. Mansoor, 1.D. Bedford, M.S. Pinner, K. Saurdess, J. Stanley, Y. Zafar, K.A.
Malik and P.G. Markham. 2000. Clones of cotton leaf curl Gemini virus induce symptoms
atypical of cotton leaf curl disease. Virus Genus, 20(1): 19-26.

Brown, J.K. 2001. Viral and phytoplasma disease: Cotton leaf curl disease. p. 52-54. In:
Compendium of cotton disease. (Eds.): T.L Kirkpatrick and C.K. Rothrock. 2" ed. American
psychopathological Society, St.Paul, MN.

Gusain, T., M. Tahir and T. Mahmood. 1991. Cotton Leaf Curl Disease. A Review, Pak. J.
Phytopath., 3(1-2): 57-61.

Hameed, S., S. Khalid, E. Haq and A.A. Hashmi. 1994. Cotton leaf curl disease in Pakistan caused
by whitefly transmitted Gemini virus. Plant Dis., 78(9): 529.

Harrison, B.D., Y.L. Liv, S. Khalid, S, Hameed, G.W. Otim Nape and D.J. Robinson. 1997.
Detection and relationship of cotton leaf curl virus and allied white fly transmitted gemini
viruses accruing in Pakistan. Ann. Appl. Biol., 130: 61-75.

Hussain, T. and M. Ali. 1975. A review of cotton diseases of Pakistan. The Pak. Cottons, 19(2):
71-86.

Idris, A.M. 1990. Cotton leaf curl disease in Sudan. Med. Fac. Landbow, Rijksunir. Genet., pp. 55.

Khan, T.A., I.LA. Khan, M.A. Khan and N. Murtaza and A.M. Khan. 1992. Genetic analysis of
upland cotton under Faisalabad conditions, yield of seed cotton and its components. Pak. J.
Agri. Sci., 29(2): 170-171.

Kirkpatrick. T.W. 1931. Further studies on leaf curl of cotton in the Sudan. Bull. Entomol. Res.,
X111 (3): 323-363.

Mahoomad T., M. Tahir, M. Tanveer and M.B. Mirza, 1996. Effect of cotton leaf curl virus on yield
components and fibre properties of four commercial varieties. Pak. J. Phytopath., pp. 68-70.
Mansoor, S., I. Amin, S. Iram, M. Hussain, Y. Zafar, K.A. Malik and R.W. Briddon. 2003. The
breakdown of resistance in cotton to cotton leaf curl disease in Pakistan. New Disease Reports

7:10-2.

Mansoor, S., I. Staniey, K.A. Malik and P.G. Markham. 1993. Molecular characterization of a
Geminivirus associated with cotton leaf curl disease in Pakistan. Proc. Int. Symp. On Biotech.
Sustainable Dev. NIBGE, Faisalabad.

Mirza, J.H., W. Ahmad, M.A. Ayyub, O. Khan and S. Ahmed. 1994. Studies on the identification,
transmission and host range of cotton leaf curl disease in Punjab with special reference to its
control. Final Res. Report, Dept. Path., Univ. Agric., Faisalabad.

Muhammad, F., A.H. Tariq, J. Ihsan and A. Saleem. 1998. Evaluation of two cotton leaf curl virus
transmission techniques and their response to different cultivars. Pak. J. Phytopath., 10: 18-22.

Murtaza, N., M.A. Khan, I.A. Khan, T.M. Khan and A.M. Khan. 1992a. Inheritances of quantitive
traits in cotton (G. Hirsutum L.) yield and yield components. Pak. J. Agri. Sci., 29(4): 420-405.

Nateshan, H.M., V. Muniyappa, M.M. Swanson and B.D. Harrison. 1996. Host range, vector
relations and serological relationships of cotton leaf curl virus from Southern India. Ann. Appl.
Biol., 128(2): 233-244.

Polston, J.E., T. Shervood, R.C. Rosell and A. Nava. 2002. Transmission of begomovirus, by
whitefly (B. Tabact)- Do begomoviruses replicate in their vector. Gulf Coast Research and
Irrigation Centre, Hoston, TX. pp. 2: 45.

Russel, T.E. 1982. Effect of cotton leaf curl crumple disease (CLC) on stab and planted cotton.
Cotton. Coll. Agric. Rep. Ser., pp: 56. Cop. Ext. Ser. / Agric. Exp. Stn. Uni. Ariz./ Us. Dep.
Agric., pp. 170.

Shah, H. and S. Khalid. 1997. Response of cotton germplasm to cotton leaf curl virus. Int. Conf.
On integrated Plant disease management for sustainable agriculture. Nov. 10-15 New Delhi,
India. (Abst), pp. 224.



3342 SAGHIR AHMAD ET AL.,

Syal, O.U. Salam and M.Z. Sulemani. 1996. Comparison of gene action controlling the qualitative
traits in some early maturing cultivars of American Cotton (Gossypium hirsutum L.). Sarhad
J. Agric., 12(2): 137-145.

Tahir, M. and T. Mahmood. 2005. Occurrence of cotton leaf curl virus in the main cotton belt of
Punjab and its impact on yield losses during 2004-05. The Pak Cottons, 50(3 & 4): 65-73.
Tanveer, M., T. Mehmood and Z. Ahmad. 1995. Study on cotton leaf curl virus in the Punjab, 5"

Nat. Conf. PI. Scientists, NARC, Islamabad (Abst.) p. 119.

Thomas, J.E., D.M. Parsley, D., J. Megrath and A.M. Hibberd. 1988. Virus diseases of tomato and
pepper in Queensland and some aspects of their control. Queensland Dept. of primary
Industries, 28: pp. 249-259.

Watkins, G.M. 1981. Compendium of cotton diseases. The American Phytopathological Society.
3340. Pilot Knob Road, Minnesota, U.S.A.

Watkins. G.M. 1981. Compedium of cotton diseases. The Amercan Phytopathological Society.
3340. Pilot Road, Minnesota, USA.

(Received for publication 2 February 2009)



