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Abstract: The present study was based on the available data of eleven years for shoot fly from 2000-2010 for kharif
season. Different models viz., linear and non linear were tried to fit, Amongst, the linear, quadratic and cubic models
produced better coefficient of determination and the models viz., EGG(Shoot fly Egg) =3.760+0.196(DOS)
(R?=0.892) and EGG(Shoot fly Egg) =1.077+1.195(DOS)-0.087(DOS2), which produced highest R® (0.896 at
p=0.05) with less standard error (0.419) and quadratic model was also the best fit model in determining the oviposition of
shoot fly, which explained 89.6 per cent variation in the oviposition of shoot fly for the 7 days after emergence of the
sorghum crop. For the dead heart development (14 DAE), the model %DH (% Dead Heart) =3.535+3.104(DOS)
found best fit with highest coefficient of determination of 0. 856 and exhibited significant positive relationship with
the date of sowing and during 21 DAE the cubic model %DH (% Dead Heart) =10.619+10.115(D0OS)-3.466(DOS"2)
+0 .321(DOS "3) had significant coefficient of determination value of 0.988 with least standard error 0.885. The
quadratic model during the 28 days after emergence of the crop %DH (% Dead Heart) =-6.234+22.858(DOS) -1.399
(DOS*2) found best fit and produced significant R? (0.929 at 5 per cent level) and showed better relationship with
the date of sowing. It was found that, both linear and non linear relationship exists between dates of sowing and
shoot fly of sorghum during kharif season.
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INTRODUCTION (Deeming, 1971; Pont, 1972) and wheat (Pont and
. . Deeming, 2001). Sorghum shoot fly causes an average
Sorghum Borghum bicolor (L.') Moench) is one Of_ the 1oss of 50 per cent in India (Jotwani, 1982), tha t
most Important cer_eal crop in the World_ becau‘st_s_o infestations at times may be over 90 per cent (@ab
ad?‘Pt"?‘F'O” to a W'de range (_)f ecolog|_cal conditions Gowda, 1967). The adult fly lays white, elongated,
§U|tabll_|ty for I_ow input cultivation and dlver_seses. It cigar shaped eggs singly on the undersurface of the
IS the f'fth major cere_al crop of world fqllow!nghpat, leaves, parallel to the midrib. After egg hatcle Ervae
rice, maize and _barley in terms of prqductlon af'_dal'on' crawl to the plant whorl and move downward between
!t is cu_It|vated in many parts of Asia and Afrieghere the folds of the young leaves till they reach theing
its grains are used to make flat bread_s that fdren t point. They cut the growing tip resulting in deagaft
stapledfo_od of_m.?nyfcurllt.ures. The grains can also b o ation “Prolonged and continuous use of chemical
popped in a similar fashion to popcorn (AnONymous, i, hest management has been reported pest developed
2012). The yield penalties to sorghum are very highyegjgrance against insecticides (Annon, 2011). i

starting "from bs_ee_dling stage 1o harvﬁst, and dmim:e the above importance of the shoot fly, the datsoafing
maximally to biotic stresses. More than 150 speoies s cqnsidered in this study to prevent the attatk o

insects have been record_ed as pesis of sorghumhi_aﬁ shoot fly, because the early sown crop escapes from
§orghum shoot ﬂy’ At_hengo_na soccata (Ronplanans shoot fly damage but the late-sown crop in moségas
important pest in Asia, Africa, an(lj the Med|terranef his affected. The shoot fly infestation is high when
Europe. Insect pests cause nearly 32 per centeof t sorghum sowings are staggered due to erratic thinfa

tqtal loss to the actual p_roduc;e in India.(Bor.aaﬂ an gistribution (Ashok Kumaget al., 2008). Therefore, the
Mittal, 1983), 20 per cent in Africa and Latin A&,  goareh for alternatives to chemical control of atse

9 per cent in USA (Wiseman and Morrison, 1981). hoqts  especially use of validated model could gain

,ShOOt flies c?f .the genus Atherigona are known Ws€a  omentum as eco-friendly approach in a sustainable
deadhearts’ in a number of tropical grass species
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pest management (Anonymous 2014). In this presenas X and X as %.

research work an attempt was made to find outteféec Cubic model

non chemical, statistical approach to contain temane  Here the equation is,

of the pest by changing the date of sowing based o 2 3

the positive and negative value of beta (regre3sion Y=R+BXALK +BX +&
coefficient for the date of sowing, which influenite I nver se model

sorghum shoot fly under Dharwad region of Karnataka Model under consideration is

Many researchers studied the effect of date of rsgwi '

on shoot fly by laid out experiments (Balikai, 1999 vy = LB, + B (1/)( )+ €
but in this study an attempt was made to explae th ! 0 ! ! !

same through linear and non linear models. Exponential model

Model under consideration is,
MATERIALSAND METHODS Yy =

= aefX + g,
The present study was based on the available data o i . .
eleven years for shoot fly from 2000-2010 for khari On transformation WEA X rE
season. The experimental data were collected bmsed | i o i i i
experiments of All India Coordinated Sorghum Crop IS obtained which is of the linear form in which
Improvement Project conducted for the period of S the new error. .
eleven years for insect pest (Shoot fly egg pofariat US|_ng the usual Iea_sF square estimation procedure
dead heart at different intervals of crop growthyiain ~ €Stimates of the coefficient can be found out.
Agricultural Research Staion, University of Agtioal ~ L-09arithmic model
Sciences, Dharwad. The data base from the experimerS the linear model.
was treated with some of the statistical technigies Y,=a + BIn( X,)+e,
Simple linear regression and nonlinear models. N i . )
Simple regression analysis The data regarding insect The §|gn|f|cance of regression coefﬁc;ent (b) es.ted
pests will be treated with simple linear regressipn ~ PY using t-test and calculated t-value is compavitd

taking insect pests egg and dead heart as depende‘ﬁtbIe t-valye fqr (n-2) degrees of frgedom. Inghme
variable and weather parameters and date of soaging WY the significance of this model is tested byngs-

independent variable. -statistic _
Simple linear regression model is, Regression sum of square (n-2)

ie., F=
Yosa X te Error sum of sqaures
Where, Y- Dependent Variable, Xindependent variable ~ Calculated F-value is compared with table F fond a
at time t. n-2 degrees of freedom.

Coeff|c_|ent_ of dgtermlnatmn (R9): Coefficient of RESUL TS AND DISCUSSION
determination R?) is used as the measure of explanatory

value of the model. It is calculated as The congenial weather leads to development of shoot
Sum of square due to regression fly, as there exist some relationship betweendkielopment of
R?= shoot fly and the date of sowing. So the effectiatie
Total sum of sqaures of sowing on shoot fly was studied for each intérva

viz, 7, 14, 21 and 28 DAE separately using linear and
non linear models and best fit models were seleftted
each intervals based on highest coefficient ofrahation
Based on the R model of best fit to the data is se- with least residuals. The F value, which was th®ra
lected. of mean sum of squares due to regression to that of
Non-linear models: The simplest way of representing residuals, gives the significance of the modeéditto

any relationship is by fitting a linear equationingsthe  the data and its significance to all the modelswsid
variable under study. But in all the cases it may n that models were significant, more over significaind
follow. Therefore some of the non linear modelsaver regression coefficients (b’s) based on t-test,datdid

b (X, = X Y. -Y,)
(Y, -Y)?

tried. The details of the models used are givenwel the significant contribution of the variables usked
Quadratic model: The form of equation is, explain the variations in the dependent variabkesults
) for the shoot fly egg and dead heart in the talielitated

Vo= Bot BuX ¥ B X+ e, that, R values were more precise in 28 days after

Where, Y- dependent variable emergence, followed by 21 and 14 days after emeegen
X-selected independent variable of the crop. Effect of date of sowing was highynificant at

Are regression coefficients to be estimated. 21 DAE and 28 DAE, there was a good improvement

Estimates of the parameters are obtained as inabe of R® in quadratic model and logarithmic at 14 DAE
of multiple linear regression models where X-isetak than simple linear. For the year 2001, resultsabfe 2
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Table 1. Simple linear and non-linear models for date ofisgwon shoot fly in the year 2000 kharif seasory(2" week to
September_SLweek).

DAE MODEL SE R?

7 EGG=3.026+0.245(DOS) 0.788 0.387
%DH=23.513+1.270%(DOS) 3.600 0.516*

14 %DH=22.372+5.266*In(DOS) 3.224 0.612*

21 %DH=22.976+3.243**(DOS) 5.266 0.764*
%DH=19.413+8.869**(DOS) 12.018 0.823**

28 %DH=-6.234+22.858*(DOS) -1.399*(DOS"2) 8.253 0.929*

*-gignificant at 5 per cent level, **-Significamat 1 per cent level, SE- standard errof-cBefficient of determination, DAE
-days after emergence, DOS- dates of sowing, %@rtgmtage dead heart. Egg- Shoot fly Egg count

Table 2. Simple linear and non-linear models for date ofisgwon shoot fly in the year 2001 kharif seasory(2" week to
September_Slweek).

DAE MODEL SE R?

7 EGG=2.672+0.325**(DOS) 0.694 0.653*
EGG=1.077+1.195%[DOS) -0.087*(DOS * 2) 0.419 0.896*

14 %DH=18.755+3.188**(DOS) 7.178 0.628**

21 %DH=18.855+4.721**(DOS) 5.345 0.870**

28 %DH=21.202+5.352**(DOS) 9.116 0.747*

*-gignificant at 5 per cent level, **-Significant & per cent level, SE- standard errofscBefficient of determination, DAE-
days after emergence, DOS- dates of sowing, %Dkepéage dead heart. Egg- Shoot fly Egg count

Table 3. Simple linear and non-linear models for date ofisgvon shoot fly in the year 2002 kharif seasomy(JI™ week to
August_2° week).

DAE MODEL SE R?

7 EGG=3.613-0.076(DOS) 0.485 0.121

14 %DH=32.271-0.240(DOS) 2.917 0.036

21 %DH=33.273+0.667(DOS) 1.808 0.433
%DH=43.011-9.806*(DOS)+ 2.919*(DOS "2) -0.234*(DCJ" 1.081 0.878*

28 %DH=65.356-3.122(DOS) 8.769 0.415

*. Significant at 5 per cent level. **-Significamt 1 per cent level, SE- standard errof-cBefficient of determination, DAE
-days after emergence, DOS- dates of sowing, %[@ircegmtage dead heart. Egg- Shoot fly Egg count

Table 4. Simple linear and non-linear models for dateavfieg on shoot fly in the year 2003 kharif seas&ngeek of July to
3 week of August).

DAE M ODEL SE R?

7 EGG=2.276+0.184*(DOS) 0.360 0.594*
14 %DH=11.073+1.085*(DOS) 2.301 0.554*
21 %DH=9.863+2.151**(DOS) 1.597 0.910*
28 %DH=18.407-0.069(DOS) 1.636 0.0097

*. Significant at 5 per cent level. **-Significamtt 1 per cent level, SE- standard errof-c&efficient of determination, DAE
-days after emergence, DOS- dates of sowing, %@rgmtage dead heart. Egg- Shoot fly Egg count

indicated that, quadratic model was more precisesignificant. Results from the Table 3 indicatedt tla
(based on Rand standard error), than simple linear in 21 DAE the cubic model was showing better improvéme
7 DAE which explained the oviposition significantly in R?(0.878)value compare to linear and other nonlinear
and in the dead heart developmeAtws high during  modelsviz, quadratic, exponential, inverse and logarithmic
21 DAE followed by 28 DAE and 14 DAE. The quadratic model in the same interval. The linear model showed
model was found good fit in explaining the variatio good R value but it was not significant in explaining
oviposition during 7 DAE, linear fitted well for¢trest  the dead heart formation followed by 28 DAE and 7
of the intervals and rest of the models were fonod DAE. In the year 2003, (Table 4) the linear modw| f
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Table5. Simple linear and non-linear models for date ofisgvon shoot fly in the year 2004 kharif seas&h(3veek of June
to 2 week of August).

DAE M ODEL SE R?

7 EGG=1.018+0.050(DOS) 0.275 0.190
14 %DH=1.783+1.264**DOS) 1.272 0.829**
21 %DH=8.255+0.850**(DOS) 1.187 0.836**
28 %DH=24.589+2.401(DOS) 9.727 0.291

*. Significant at 5 per cent level. **-Significaat 1 per cent level, SE- standard errof-céefficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentiead heart. Egg- Shoot fly Egg count

Table 6. Simple linear and non-linear models for date ofiagwon shoot fly in the year 2005 kharif seasost(l@eek of June
to 39 _week of August).

DAE M ODEL SE R?

7 EGG=1.684+0.226**(DOS) 0.349 0.781**
14 %DH=3.535+3.104**(DOS) 3.716 0.856**
21 %DH=17.309+2.684**(DOS) 6.007 0.631**
28 %DH=25.946+2.804**(DOS) 7.236 0.562**

*. Significant at 5 per cent level. **-Significaat 1 per cent level, SE- standard errof-c&fficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentlead heart. Egg- Shoot fly Egg count

Table 7. Simple linear and non-linear models for date ofisgvon shot fly in the year 2006 kharif season(lesek of June to
2" week of August).

DAE M ODEL SE R?

7 EGG=2.155-0.064(DOS) 0.445 0.1488
14 %DH=19.270-0.966**(DOS) 1.654 0.744*
21 %DH=17.167+1.230(DOS) 7.508 0.187
28 %DH=43.729+0.890(DOS) 9.653 0.067

*. Significant at 5 per cent level. **-Significaat 1 per cent level, SE- standard errof-céefficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentiead heart. Egg- Shoot fly Egg count

Table 8. Simple linear and non-linear models for date ofisgvon shoot fly in the year 2007 kharif seasofl (8eek of June
to 1 week of August).

DAE MODEL SE R?

7 EGG=2.146+0.008(DOS) 0.252 0.007

14 %DH=15.950-0.417*(DOS) 0.858 0.622*

21 %DH=13.554+1.364(DOS) 5.612 0.292
%DH=10.619+10.115%(DOS) -3.466*(DOS"2)+0 .321*(DOH 0.885 0.988*

28 %DH=18.899+0.729(DOS) 3.580 0.224

*. Significant at 5 per cent level. **-Significaat 1 per cent level, SE- standard errof-céefficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentiead heart. Egg- Shoot fly Egg count

the effect of date of sowing in 21 DAE was good fit Crop sown during june last week to second week of
and produced highly significant coefficient of detmation  august (Table 6), the linear models in 7, 14, 24 2&
value (R=0.910 at p=0.01) and®Round significantin  DAE were showed highly significant coefficient of
7 and 14 DAE towards egg and dead heart developmemtetermination and the coefficient values (b’s)? iR
respectively but in 28 DAE coefficient of determioa 14 DAE was high (0.856) followed by 7 DAE (0.781),
was low and showed no linear relationship. 21 DAE (0.6311) and 28DAE (0.5627). The results in
In table 5, the models for 14 DAE and 21 DAE were table 7 revealed that, the linear model for 14 DAE
precise and highly significant (at 1 per cent Ipvel  showed good and highly significant R0.744) value
explaining the linear relationship between dates ofcompared to rest of the intervals and all the mear
sowing and shoot fly development, but in 7 and 28models resulted in low Fand found non-significant.
DAE the contributions were negligible and non digant. Vijay Lakshmiet al. (2010) reported that, the coefficient
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Table 9. Simple linear and non-linear models for date ofisgvon shoot fly in the year 2008 kharif seasost(feeek of July to
last week of July).

DAE M ODEL SE R?

7 EGG=3.760+0.196**(DOS) 0.121 0.892*
14 %DH=32.908+0.046(DOS) 1.224 0.005
21 %DH=36.833+0.297(DOS) 1.593 0.103
28 %DH=38.077+0.853*[DOS) 0.879 0.758*

*. Significant at 5 per cent level. **-Significaat 1 per cent level, SE- standard errof-céefficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentiead heart. Egg- Shoot fly Egg count

Table 10. Simple linear and non-linear models for date ofisgwn shoot fly in the year 2009 kharif seasdli (@eek of June
to last week of July).

DAE M ODEL SE R?

7 EGG=3.343-0.019(DOS) 0.182 0.050
14 %DH=28.347+0.149(DOS) 2.518 0.019
21 %DH=35.210+0.051(DOS) 1.692 0.005
28 %DH=37.684+1.122(DOS) 3.251 0.399

*. Significant at 5 per cent level. **Significaat 1 per cent level, SE- standard errof-c&fficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentiead heart. Egg- Shoot fly Egg count

Table 11. Simple linear and non-linear models for date ofisgwon shoot fly in the year 2010 kharif seasonesek of July
to 1 week of September).

DAE  MODEL SE R?

7 EGG=2.306+0.059(DOS) 0.544 0.126
14 %DH=15.846+1.467*(DOS) 3.056 0.597*
21 %DH=25.312+1.633**(DOS) 2.354 0.611*
28 %DH=23.230+5.722**(DOS) 8.492 0.829**

*. Significant at 5 per cent level. **-Significaat 1 per cent level, SE- standard errof-céefficient of determination, DAE-days
after emergence, DOS- dates of sowing, %DH- peagentiead heart. Egg- Shoot fly Egg count

of determination (B was improved by 6 to 20% when formation in all four intervals and during the y@4x10
non-linear regression equations were fitted, buthim it was found that during 28 DAE linear model shdwe
present study best model for 21 and 28 DAE werehighly significant B (0.829) and coefficient (b’s) values
cubic and quadratic respectively produced betterin determining the dead heart followed by 21 DAE
coefficient of determination than linear models &d  (0.611) and 14 DAE (0.597) value of R found to be

7 and 14 DAE linear produced better coefficient of significant at 5 percent level but in 7 DAE theeetf
determination than non linear models, thereforehbot was negligible (Table 11).

linear as well as non linear relationship were bitad The above discussion can be concluded that, thet sho
by the date of sowing and shoot fly egg and deadthe fly remained active throughout the kharif season
During the year 2007, the cubic model for 21 DAE (Kulkarni et al. 1978) due to positive coefficient values
found good fit with significant coefficient of deteination  for the date of sowing in most of the years butpCro
(0.988) for the shoot fly dead heart formation &mel  sown in the month of June and early July were less
linear model for 14 DAE also showed significart R prone to attack due to negative coefficient valfees
value but in 7 and 28 DAE all model results were the date of sowing. The results in the year 2002hdu
non-significant and their contribution was negligib 7, 14 and 28 DAE were confirmed the negative effect
(Table 8). In the table 9, the coefficient of detieration of date of sowing due to negative coefficient valéer
value of linear model for 7 DAE found to be good fi the date of sowing ( the crop sown during first kveé
and highly significant (R=0.892 at p=0.01) in determining july to second week of august) and during 2006ctvhi
the number of eggs and was followed by 28 DAE was sown during last week of june to second week of
(R?=0.758) for the dead heart formation. But in 14 andaugust was found negative for 7 and 14 DAE (Table 7
21 DAE all models found non-significant and their but crop sown on last week of August were more @ron
contributions were less towards the dead heartatiom to attack in Kharif (during 2000, 2001, 2005 and @0
The results of table 10 for the year 2009 indicaked, due to positive coefficient values. Results wewgtordance

all linear and nonlinear models found not goodafid  with Kulkarniet al. (1978), Balikai, (1999). Number of
their contribution was less towards egg and deadthe eggs laid and dead heart formation were signiflgant
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low on the crop sown at end of June (Ghandkea&.  Anonymous. (2014). http:/www.ncipm.org.in/ Lastassed
1983) because lesser the number of eggs laid didring 04.10.2014

days after emergence of the crop lesser the pdr cemshok Kumar, A., Belum V.S. Reddy, Sharma, H.C. and
dead heart in the next successive intervals. Ramaiah, B. (2008). Shoot flyAtherigona soccata)
Since linear models with date of sowing alone were  resistance in improved grain sorghum hybrigisurnal

not sufficient to explain the variation in shoog gg

and dead heart development in some intervals. &e th Bal

was a possibility of relationship other than linegisting

between date of sowing and shoot fly. The modelewe g,

showed negative coefficient value during 2002, 2806
2009 for the oviposition of shoot fly and the creps

of SAT Agricultural Research, 6:1-4

kai, R. A.(1999) Effect of different date of sagi on

shoot fly incidence and grain yield of sorghuimsect
Environment., 5(2): 57-58.

ad, P.K. and V.P. Mittal.(1983). Assessment afs&s

caused by pest complex to sorghum hybrid, CSH 5. In:
B.H. Krishnamurthy Rao & K.S.R.K. Murthy (Eds.),

sown during the June months and rest of them showed Crop Losses due to Insect Pests, Special Isslraliah
positive. Amongst, the linear and quadratic model Journal of Entomology, pp. 271-278. Entomological
produced better fit values and the modets, EGG = Society of India, Rajendranagar, Hyderabad, Andhra
3760 + 0.196 (DOS) R= 0.892) and EGG= Pradesh, India. _ . .
1.077+1.195 (DOS) -0.087 (DOS"2) which produced Peeming, J.C. (1971). Some species of Atherigona &und
highest B (0.896 at 5% level) with less standard error ~ (Diptera: Muscidae) from northern Nigeria, with sfaé
(0.419) and quadratic was found best in determittieg Eéesr%qc.elézihfgsg injurious to cereal crdpsl Entomol
oviposition of shoot fly. For the dead heart depaient ' ’ . .

(14 DAE) the model %DH=3.535+3.104(DOS) choose toGhag(i?]ilg' oEf)EH’oifl Iflf nkaes, (u3qf||\lu e?]r;céc'i\j %'k’ sLdevi'n;])??n?é' and
be the best with highest coefficient of determoratralue Y Y

>t e e . seed rates of sorghurd. Maharashtra Agri. Univ., 8:
0.856(p=0.01) and exhibited significant positiatienship 294-295.

with the date of sowing and during 21 DAE the cubic jonyani, M.G. (1982). Factors reducing sorghum dgel
model % DH=10.619 +10.115 (DOS) - 3.466 (DOS"2) +  _ |nsect pests. In: L.R. House, L.K. Mughogho & J.M.

0.321(D0OS"3) had significant coefficient of deteration Peacock (Eds.), Sorghum in Eighties, Proceedirthef
value 0.988(p=0.05) with least standard error ().88 International Symposium on Sorghum, 2—7 November,
The quadratic model during the 28 days after ememge 1981, pp. 251-255. International Crops Researdiiuites

of the crop %DH=-6.234+22.858(DOS) -1.399(DOS"\#) Wi for the Semi-Arid Tropics, Patancheru 502 324, Amadh
significant R (0.929 at p=0.05) exhibited better relationship Pradesh, India

with the date of sowing. Kulkarni, K.A., Ratnam, B.M, and Jotwani, M.G.( 1978)
Effect of weather parameters on incidence of sligpt

Conclusion Atherigona soccata RondaniBull. of Entomol., 19: 45-47.

It was concluded from this study that shoot flyswa
active throughout the Kharif season, therefore ffme

sowing will reduce the incidence of shoot fly. Bbe
crop was less prone to attack of the shoot fly wihen

Pont, A.C. and J.C. Deeming. (2001). A shoot-Ath-

erigona tritici sp. n. (Diptera: Muscidae), attacking wheat
Triticum aestivum in Egypt.Bull Entomol Res 91: 297—-
300.

- Pont, A.C. (1972). A review of the Oriental species
crop was sown during the early June and the models

showed negative significant value for the regressio
coefficients. The linear and quadratic models were
significant in determining the oviposition (Egg

Atherigona Rondani (Diptera: Muscidae) of economic
importance. In: M.G. Jotwani & W.R. Young (Eds.),
Control of Sorghum Shoot Fly, pp. 27-104. Oxford and
IBH Publishing Co., New Delhi, India

development) and linear alone during 14 DAE wasRao, M. and S. Gowda. (1967). A short note on thadm-

significant to determine dead heart developmentlioting 21

and 28 DAE the cubic and quadratic found best fit

models. Therefore, the study confirmed that botkar

and non linear relationship exists between datsewing

and shoot fly incidence. The date of sowing fourdyv
important cultural practice and was suggested ltowo
apart from the use of chemical pesticides to aviod
crop loss and environmental pollution.
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