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ABSTRACT 

This study includes the artificial aging effect on seed germination, chromosomal changes 

and yield in chickpea (Cicer arietinum L. var. Nobin). Aging of seeds was made artificially by 

constant temperature at 30°, 32°, 35° and 40°C for 7, 10 and 15 days treatment durations. 

Control seeds were not treated. 

It was found that both in laboratory and in the field, germination percentage decreased 

gradual(v with the increase of temperature as well as treatment durations. Untreated seeds 

showed the highest percentage of germination. 

i'vlaximum number of anaphase cells were observed in longer ones compared to short 

sized roots. In most of the treatments minimum root length with maximum anaphase cells was 

found to be 1.5 mm. Seeds with delayed germination began mitosis at root length below than 1.0 

mm. Aberrant anaphase cells were studied at different germinating root lengths. In root lengths 

above 4. 0 mm frequency of aberrant anaphase was found to increase. With increase of 

temperature it was also found to increase . With treatment durations aberrant anaphase showed 

positive and negetive relationship. In some cases their relationship was not found. 

lvlean percentage of dividing cells determined at the root length of 1.0-1.5 cm was found 

to decrease with the increase of temperature as well as treatment durations. Significant effect of 

temperature, treatment duration and their interaction was found also to cause the chromosomal 

anomalies. Laggards and bridges were highly significant at 40°C for all the treatment durations. 

Interphase chromosome volume (]CV) in root tip cells of untreated seeds 1,i•asfozmd to be 

l.68111
3 

at the root length of 1.0-2.0 mm and it was found to decrease with the increase of root 

length. In root tip cells of treated seeds similar results were obtained. But it was found to 
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increase remarkab(v with the increase of temperature compared to that of treatment durations. 

Among four different temperature regimes and three treatment durations 40°C for 15 days 

treatment time was found to be more effective to increase the interphase chromosome volume. 

The pollen mother cells (PMCs) of the plants raised from treated and untreated seeds 

showed various types of chromosomal aberrations. These were fragments, lagging 

chromosomes, bridges and micro-nuclei. It was also observed that the percentage of 

abnormalities increased with the increase of temperature and as well as treatment durations. In 

PlvJCs of the plants raised from the treated seeds chromosome association, chiasma frequency 

per PlvfC and per bivalents, and terminalization co-efficients were found to vary. Percentage of 

PlvfCs with 8 ring bivalents were found to range from 78 to 48 and those with 1 rod and 7 ring 

bivalents ranged from 46 to 22%. In none of the cases uni, tri or quadrivalent were found. 

Significant effect of temperature was found to vary the chromosome association. 

Data on yield and yield components were recorded from the plants at maturity raised 

from the treated and untreated seeds. In case of plant height and primary branches length, 

temperature and treatment duration showed non-significant effect individually, while significant 

effect of their interaction was observed In case of secondary branches, pods/plant, pod volume 

and 100 seed ·weight effect of temperature, treatment duration and their interaction were non­

significant. But in case of seeds/pod both temperature and treatment duration showed significant 

effect. 
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I V I I l k' . . . w 1ere Pr = - . pranc t e m1111 )er; 11 • 111emat1c v1scos1ty. 
y 

Equation (2,2.2) is assumed to hold at the arbitrary point P. For the point P' the 

corresponding equation can be written 

(2.2.3) 

Multiplying equation (2.2.2) by T'. equation (2.2.3) by T, and taking ensemble average, 

result in 

8(7'7'') 8(TT'11;) 8(TT'111) 11 a2 (TT') 
--- +---+ I =(- )---- , a, Bx; Bx; p,. Dx;iJx; 

8(TT') 8(TT'u1) 8(7T'111) 11 ) a2 (TT') 
---+---+--- = (- · 

81 8x1 8x1 Pr ax;ar; 

with the continuity equation 

8u;=au1=0. · 
ax; ax; 

Angular bracket (· ... --).which is used to denote an ensemble average. 

Using the transformations 

a a a a a 
= 

Dt' DD.I 

into equations, (2.2.4) and (2.2.5 ), one obtains 

and 

(2.2.4) 

(2.2.5) 

(2.2.6) 

(2.2. 7) 
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00 00 

(11;11.iT'T") = I. f<fi;/1.iO'O")cxpli(K.r + K'.r')JdKdK', 
(2.3.11) 

00 00 

(pT'T") = I J<a0'0") exp[l (K.r + K'.r')]dKdK', 
-00 -00 (2.3.12) 

Interchanging the points P' and r , shows that (up;rT') = <up;T'T"). 

By use or this fact and equations, (2.3.10)-(2.3 .12), the equation~ (2.3.7)-(2.3.9) may be 

transformed as 

o(/J i0'0") V 2 -- ---';;-- + -[ (1 + Pr )k + 2p,.k;k, + (1 + p,. )k' 2 K/3 -0'0") 
ul Pr J 

= J_ i(k 
1
- + k1 )(aO'O") , 

p . . (2.3 .13) 

D(/3 ;0'0") v 2 --+ --- k (/3 O'O") , a~r Pr J (2.3.14) 

(2.3.15) 

with the assumption that the q11adrnpk correlation terms are neglected because they 

decay foster than the lower order correlation terms. 

If the derivative with respect to .r_; is taken of the momentum equation (2.3.1) for point 

I' , the equation multiplied through by T'T" and taken the ensemble averages, the 

resulting equation is 





Table 4.4 

Changes in fallow land (area in acre) in upland and lowland during 
1970-2007 

Land use Area Village 1970 2007 Change 

VI 50 10 -40 

V2 20 3 -17 

Upland 

V3 50 2 -48 

Total 120 15 -105 
Fallow land 

VI 2 1 -1 

V2 30 20 -10 

Lowland 

V3 10 3 -7 

Total 42 6 -36 
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o'of;/Jr52 [ 2 1+2p,. Pr ] 
3 3

. --5 exp -k v----(1-10 +--l:ll) 
4v ' 2(1-lo+D-I) 2(J+pr) 2 Pr(l+p,.) l+p,. 

(2.4. I 0) 
The series of equation (2.4.10) contain only even power of k . It can be shown that 

00 

fwdk = 0 

0 

which indicates that the conditions of continuity and homogeneity are maintains. 

The linear equation (2.4. 7) can be solved to give 

(2.4.11) 

(2.4.12) 

where J(k) = "'!.2_k~ is a constant .of integration and can be obtained as by Corrsin [18]. 
ff 

Substituting the values of Wand ./(k) into the equation (3.4.11 ), and integrating with 

respect to / , we get 

N k 2 [ v 2 N ] o'o f;; Pr 
5 
2 

E=-0-exp -2-J -k (I-lo+ 2) + J/ 7 
1C I r 4v · 2 (I ·I· p,.) 2 
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3.2. FUNDAMF:NTAL EQUATIONS 

The equations of motion for viscous. incompressible Ml IL) turbulent flow are given by 

(3.2. l) 

., 
8h; a (' ~h; 
- -··+-- (h;llk -11;h1c)=A- ~ - -
nl oxk c x k Xk 

with 
(3.2.2) 

Du; 8h; 
··-- - - - -

(3.2.3) 

where 11, (:r,t), ith-component of turbulent velocity; h, (x,t), ith-component of magnetic 

field fluctuation; W(x,t) = E + 1 (h)2
• total Ml ID pressure; p(x,t) , hydrodynamic 

p 2 

pressure; p. nuid density; v , kinematic viscosity ; ,i = ,, . , magnetic diffusivity; PM , 
l'u 

magnetic prandtle number; xk, space coordinate; the subscripts are taken on the values l , 

2 or 3 and the repeated subscripts in a term indicate a summation. 

Equntions, (1 .2.1) - (J.2.3) are derived by S. Chandrasekhar I 13 J, the basis of Batchelor's 

discussion hy coupling Maxwell's equation for the electromagnetic field and the Navier­

Stokcs equations for the velocity field. The Maxwell equations are modified to include 

the induced electric lkld due to the fluid motion, and the Navicr-Stokcs equations are 

modified to include to the Lorentz force on fluid elements clue lo the magnetic field. 
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ror these rclrilions to he ennsistent. we have 

(3.4.16) 

where the subscript O refers to the value or (¢/J;/J;; rit t = t0_ /J.t = /J.t' = O and <; is the 

n11glchl'lm:-cn Kand K'. 

By letting P' = 0. /'-,.t' = 0 in the equation (3.4.10) and comparing with equation (3 .3.11) 

and (3 . .1.12), we obtain the relations 

C1.) 

(ai,/lk'/l;)(K.A..t.t) = f (<h/31/J1)(K .K '.tJ.t.0.l)dK'. (3.4.17) 

'Y.' 

(aklfl;lft;)(-K. -:--6.f.t + t-.1) = f (¢1/J,/J;')(-K,K',-/J.t,O,t)dK'. 
(3.4.18) 

Substituting equations. (1.4.16) - (3.4 .18) into equation (3.3.15), one obtains 

= [,, 2 i k I I <¢I fJ: fJ ;') ( i: . i<. , ) - <¢,I /J: I J;; ( -i<. . - i:. , ) I() X 

or. 
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where the bracket ( ........ .. ) is used to denote an ensemble average. 

Using the transformations 

a a a 
--=--=-

and the Chandrasekhar relations l 131 

equation (4.3.3) becomes 

(4.3.4) 

It is desirable to write equation (4.3.4) in spectral form in order to reduce it to an ordinary 

differential equation and bec~usc of the physical significance of spectral quantities. for 

this purpose it is usual to introduce three-dimensional Fourier-transforms 

oc 

(h;h;(f)) = f(,/l;lflJ(K))exp[f(K.i)]dK, (4.3.5) 

-oc 

·oc 

(11;!1kh;(r)) = f<a;lflklflj(K))cxp[f (K.P)]dK, (4.3.6) 

-oc 

00 

(11'1J1;f1;(r)) = (11kh;l1_1(-r)) = J<a;lf';V"./-k))cxplf(K.P)JdK (4.3.7) 

into equation (4.3.4), gives 
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(5.3.22) 

The Fourier transform of equation (5.3 .22) is 

_ J_ (a/3;/3'/c) = (k;k1 + kik1 + k;ki + k1ki)(/3;/3t/Ji/J'J.> 
P k 2 + kk + k'2 (5.3.23) 

Equation (5.3.23) can be used to eliminate the quantities (af3i/JZ>, (a/3,(-K -K')/JZ,), 

etc. from equation (5.3.20). 

5.4. SOLUTION FOR TIMES BEFORE TIIE FINAL PERIOD 

In order to obtain the equation for final period of decay the third order correlation terms 

are neglected compared to the second order correlation terms. Analogously, it would be 

possible to obtain a solution for times before the final period of decay by neglecting the 

fourth order correlation terms. If this nssumption is made, nil the fourth order correlation 

terms in the right side of equation (5.3.23) should be neglected. Thus from equation 

(5.3.20) and equation (5.3.23), we obtain 

(5.4.1) 

where 

3(/J; /JI/JZ > - <r ;/JI (K)/JZ ck')) - <r ;/3; <-f:. - k ')/3Z <K ')) - <r k /3i(- k - K')/3j (K) 

= S/J;/3;/JZ (say) 

and S is an arbitrary constant. 




























